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Problem s t a t ement  & Object ive  of t he  project

• UGS wells  can fa il, caus ing s a fe ty, environmenta l and financia l cons equences

• The potent ia l for fa ilure  and the  range of cons equences  mus t  be  unders tood

• The object ive  of t his  project  was  t o as s es s  t he  role  of s ubs urface  s a fe ty va lves  
(SSSVs ) in improving UGS s a fe ty, s pecifica lly for wells  in s torage  fie lds  
developed in deple t ed hydrocarbon res ervoirs

• This  project  fit s  into t he  broader PHMSA manda te  t o improve UGS s a fe ty
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Tas k out line  & budget

Period of 
performance:
09/ 28/ 2018 –
09/ 30 / 2020
Tota l budget : 
$74 9,080
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Bat t e lle / Sandia  adapted JITF API 581 approach

• American Pet roleum Ins t it ut e  (API) 581 Ris k-Bas ed Ins pect ion Technology is  
applicable  t o pres s urized s ys t ems  – like  UGS

• PHMSA: (s ee  Pipeline  Ris k Modeling - Overview of Methods  and Tools  for Improved 
Implementa t ion) indica t es  evolut ion t o quant it a t ive , probabilis t ic ris k models  for 
na tura l gas  int egrit y management  s ys t ems

• API-AGA-INGAA Joint  Indus t ry Tas k Force  (JITF) Ris k Management  work group 
adapt ed API 581 methods  t o model ris ks  in UGS wells ;  s ome UGS opera tors  us e  t his  
or a  company-adapted vers ion 

• Both like lihood and cons equence  of fa ilure  a re  included; permit s  cos t -benefit  
ana lys is ; cons equence  of fa ilure  for both s urface  and s ubs urface  event s ; JITF model 
did not  include  workover ris k

• Bat t e lle / Sandia  t eam adapted t his  approach as  an e legant  and pract ica l method to 
ana lyze  ris ks  and guide  des ign, s a fe ty, and management  decis ions
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Fea tures  of t he  Ba t t e lle / Sandia  ris k model

• Quant it a t ive – es t imates  like lihood and cons equence  for los s  of cont rol event s
• Pract ica l, s imple  and flexible – Excel format  adapt able  t o Python; us ers  have  mult iple  

opt ions  for input  variance
• Adaptable – Bat t e lle / Sandia  added workover ris k equa t ions ; re liabilit y expres s ions ; human 

factors  and deliverabilit y
• Effect ive  pla t form for cont inua l improvement  in ris k ana lys is  – a  s e t  of few equa t ions  and 

s evera l underlying numerica l as s umpt ions  t ha t  can be  dis cus s ed and improved in a  
cons t ruct ive  way.  
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API 581 approach

The API 581 approach provides :
• Can be  applied with limit ed 

fa ilure  ra t e  da t a  becaus e  it  
s t a rt s  with an as s umed generic 
fa ilure  frequency

• Effect ive  way to guide  ris k 
decis ions  as  it  provides  
annua lized ris k cos t / benefit s  
t ha t  can be  eva lua t ed in a  
common way 

Likelihood of Failure 
Index (LOFI) estimation

[ likelihood/year ]

Consequence of Failure 
Index (COFI) estimation

[ $/failure ] 

Details of LOFI and COFI estimates 
provide valuable insights about 

system design and risk 
management

Annualized risk (LOFI×COFI) 
estimation
[ $/year ] 

Risk matrix
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JITF model LOFI es t ima te  – wha t  is  included

LOFI=Gff×[(Dfthin+Dfmech+Dfimpact)+Fwhv+Fcmt]×Creditmgm

Gff - general 
failure frequency 
– from industry 
data/experience 

Dfthin - wall 
thinning –MOP, 
wall thickness, 
corrosion rate, 

age and/or years 
since last 

inspection, burst 
strength, wall 

condition  

Dfmech -
mechanical 
damage –
vibration, 

previous failures, 
earth forces, 

physical barriers, 
well work 
stresses  

Dfimpact - impact 
damage –
vehicular 

impact, falling 
objects, 

preventive 
controls  

Fwhv - wellhead 
failure factor –

design (API, 
non-API), 
condition, 

pressure rating, 
testing   

Fcmt - cement 
sheath factor –

cement 
condition, 

annular flow 
factor, cement 
functionality 

factor

Creditmgm -
management 

system credit –
API 1171 

implementation, 
test completion 

factor, maturity of 
inspection program  
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JITF model COFI es t ima te  – wha t  is  included

COFI=(COFIsafety-surface+COFIsafety-subsurface+COFIenvironmental+COFIfinancial)×Creditmitig

COFIsafety-surface –
safety 

consequences of 
surface gas release 

with fire, heat 
impact radius, 

population density 
in the critical heat 

impact radius, 
PHMSA accident 
safety pipeline 
effect statistics 

COFIsafety-sub surface –
safety consequences 

of sub surface gas 
release with no fire, 
volume of released 

gas, population 
density within 9-

mile radius, safety 
consequence 
distribution  

COFIenvironmental –
estimated 

consequences of 
gas release to air, 
water, soil,  and 

associated 
environmental 

degradation

COFIfinantial –
estimated 

financial costs due 
to emergency 

response, product 
loss, repairs, 

public reputation, 
other  

Creditmitig –
credit for mitigation 
system(s) and their 

reliability. The 
mitigation system 
must be technical/ 

hardware, not 
human or 
procedural   
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Bat t e lle / Sandia  model

The Bat t e lle / Sandia  model adopted mos t  part s  of t he  JITF model with a  few addit ions :
• Effect s  of SSSV on different  component s  of COFI were  es t imated
• SSSV workover ris ks  were  added t o t he  LOFI es t imates  
• Severa l common UGS well cons t ruct ion s tyles  and res ervoir/ popula t ion dens it y 

s cenarios  were  cons idered within t he  model 
• Effect s  of de liverabilit y impairment  due  t o t he  us e  of SSSV were  eva lua t ed
• Ris k reduct ion/ increas e  due  t o SSSV ins t a lla t ion were  eva lua t ed
• Cas es  where  SSSV ins t a lla t ion is / is  not  beneficia l were  ident ified
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COFI credit s  due  to SSSV applica t ion – during regula r opera t ions  

SSSVs  handled as  mit iga t ion devices , adjus tment s  go t o COFI
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LOFI es t ima te  for workover opera t ions

LOFIworkover=Frequencyworkover×FailureRateworkover×Credit 

Net increase of 
likelihood of loss 
of control (LOC) 

event during 
workovers per 

year 

Estimated net increase of 
workover frequency due to 

SSSV addition. This frequency 
is dependent of well type, 

operator procedures, 
regulatory environment 

Credit accounting 
for management 

and human factorsEstimated rate of LOC 
during workovers. This 
rate is dependent on 

type of entry.  

COFI rout ine  added for workover opera t ions , with appropria t e  adjus tment s  
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Four (s ix) s tyles  of UGS wells  us ed in ana lys is

• The s e lect ed well s t yles  a re  int ended t o repres ent  a  broad range  of hypothet ica l but  
commonly us ed UGS wells

• This  crea t ed a  range  of LOFIs  covering s ix orders  of magnitude
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Twelve  cons equence  environment s  us ed in ana lys is

• The cons equence  environment s  
repres ent  a  broad range  of res ervoir 
volumes , flow ra t es , and nearby 
popula t ion dens it ies  common for UGS 
wells   

• This  crea t ed a  range  of COFIs  covering 
over five  orders  of magnitude
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Deliverabilit y impa irment / replacement  model  

The Bat t e lle / Sandia  model provides  eva lua t ion of de liverabilit y impairment  effect s  int roduced 
by SSSV or T&P applica t ion. 
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Applicabilit y of SSSV needs  t o be  eva lua t ed on a  well-by-well bas is
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3 Regions  of Applicabilit y
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Configura t ions  us ed for ana lys is

The model was  applied t o four t ypes  
of configura t ions :
• Wells  with s ha llow-s e t  SSSV
• Wells  with deep-s e t  SSSV
• Wells  with s ha llow-s e t  TSV + ASV
• Wells  with deep-s e t  TSV + ASV
See the  fina l project  report  for 
res ult s  of t hes e  s imula t ions  
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Effect  of human factors , de liverabilit y impa irment  effect s

Human factors :
• “no human factors ” = credit  

(mult iplie r) of 1 in t he  LOFI 
workover equa t ion

• “mid-range  human factors ”= 
credit  (mult iplie r) of 15 in 
t he  LOFI workover equa t ion 

See  t he  fina l project  report  for 
more  informat ion about  t hes e  
effect s   
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Knowledge & Technology Trans fer
• Bat t e lle / Sandia  organized a  1 ½  -day works hop in Denver, CO on March 4 -5, 

2020 , a t t ended by ~ 4 0  USG reps , PHMSA, and na t iona l labora tories . 
• Phone conferences  with s evera l UGS opera tors  were  facilit a t ed by INGAA.
• Int eract ions  with PG&E (PG&E works hop pres ent a t ion, exchange of pre liminary 

model res ult s ).

• Int erviews  with SSSV expert s  with ext ens ive  hands -on experience  with 
ins t a lla t ion and maint enance  of SSSVs   

• Project  de liverables :
• Fina l Project  Report
• Excel Implementa t ion of t he  Model
• Denver Works hop Pres enta t ions
• Fina l Informat ion Dis s emina t ion Pres enta t ion
• Python Code
• Journa l Art icle  (t o be  publis hed)
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Recommenda t ions

• Applica t ion of SSSV might  reduce  ris k in s ome but  not  a ll UGS wells
• Applicabilit y of SSSV in UGS wells  s hould be  as s es s ed for each well ins t ead of a  broad 

regula t ion t ha t  manda t es  t he  us e  of SSSV for a ll UGS wells
• Broader us e  of quant it a t ive  ris k models  s hould be  encouraged 
• As s es s ment  of SSSV applicabilit y in UGS s hould include  effect s  of workover opera t ions  and 

pos s ible  de liverabilit y res t rict ions
• Standardized da t a  collect ion and ana lys is  on well ba rrier e lement  re liabilit y informat ion, 

including SSSV 
• Further res earch re la t ed t o effect s  of human factors  and management  qua lit y s hould be  

ca rried out  with res pect  t o SSSV maint enance , re liabilit y and repa ir
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The res ult s  of t his  project  can be  obt a ined from:

• The project  de liverables  a re  ava ilable  from the  PHMSA web s it e : 
ht t ps :/ / primis .phms a .dot .gov/ mat rix/ PrjHome.rdm?prj=743

• Journa l a rt icle  out lining t he  ris k model approach and it s  res ult s  will be  publis hed, 
like ly in t he  Journa l of Pet roleum Science  and Technology 

https://primis.phmsa.dot.gov/matrix/PrjHome.rdm?prj=743
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Contact  informat ion: 

For informat ion re la t ed t o t his  project , pleas e  cont act :
• Project  PI: 

• Slawek Winecki, Ph.D. 
• wineckis @Bat t e lle .org
• 614 -4 24 -4 154

• Project  PM:
• Kathryn Johns on
• johns onk@Bat t e lle .org
• 614 -4 24 -7302

mailto:wineckis@Battelle.org
mailto:johnsonk@Battelle.org
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