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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 t ubing and packer 
(T&P) s ys t ems  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 : 
$785,513
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Availabilit y of UGS re liabilit y da t a

• Journa l a rt icles  and report s  des cribing major los s  of cont rol 
(LOC) event s  in UGS wells  (ex. a rt icles  by D.J. Evans ) 

• Report s  with fa ilure  ra t es  s pecific t o UGS wells  (ex. Brit is h 
H&SE 2008 report  by D. Keeley) 

• However, t he  da t a  ava ilable  from thes e  s ources  is  not  
s ufficient  for well ba rrier e lement  fa ilure  ident ifica t ion, and 
t herefore , limit ed in ident ifying T&P re liabilit y

• Bat t e lle / Sandia  t eam a t t empted t o collect  addit iona l da t a , 
s pecific t o T&P us e , from ava ilable  s t a t e  da t abas es  and UGS 
opera tors  – minimal da t a  was  found

• Lack of well ba rrie r e lement  re liabilit y da t a  is  concerning 
s ince  t he  principa l requirement  t o improve s a fe ty is  t o 
meas ure  key s a fe ty indica tors  and make ris k bas ed decis ions

• The Bat t e lle / Sandia  Team recommends  a  well ba rrie r e lement  
re liabilit y da t abas e .
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Ris k Model Des cript ion

See SSSV pres ent a t ion for ris k model des cript ion

ht tps :/ / primis .phms a .dot .gov/ mat rix/ PrjHome.rdm?prj=743

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


10

Comparis on of T&P and SSSV ris k models

Common as pect s  of both models :
• The approach for LOFI and COFI ca lcula t ion during regula r opera t ions  and 

workovers  
• The four (s ix) UGS well s t yles  us ed in s imula t ions
• The twelve  cons equence  environments  
Differences  be tween models :
• COFI credit s  applied t o s urface  and s ubs urface  event s  different ly, depending 

on t he  loca t ion of T&P and SSSV
• Reliabilit y ranges  of T&P and SSSV 
• Deliverabilit y impairment  factors  were  as s umed for T&P and SSSV depending 

upon the  loca t ion of t he  device  and t he  well de liverabilit y  
• Frequencies  of workover opera t ions  vary according t o re liabilit y as s umpt ions
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COFI credit s  due  to T&P and T&P + SSSV applica t ion – during regula r opera t ions  

T&P and SSSV handled as  mit iga t ion devices , adjus tment s  go t o COFI
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Reliabilit y of T&P and SSSV s ys t ems

• Genera lly higher re liabilit y of T&P a ffect s  t he  workover frequency, caus ing s light ly different  
workover ris k between T&P and SSSV
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Deliverabilit y impa irment  model  

Surface

Gas Storage 
Reservoir

Original 
cemented 
production 
casing

Packer

G
as

 F
lo

w

Tubing St
at

ic
 A

n
n

u
lu

s

Reduced 
diameter 
Original 
diameter

The Bat t e lle / Sandia  model provides  eva lua t ion of de liverabilit y impairment  effect s  int roduced 
by T&P or SSSV applica t ion. 
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U.S. Deple t ed Res ervoir Storage  Average  Deliverabilit y Per Well Dis t ribut ion 

• Mos t  fie lds  and wells  a re  in lower-
end deliverabilit y bins

• Tubing-affect ed reduct ions  in 
de liverabilit y acros s  mos t  
wells , mos t  fie lds  in U.S. will 
t hus  be  a t  t he  lower end (5-
20%) of what  has  been s hown

• Working gas  capacit y is  more  
evenly dis t ribut ed acros s  bins

• Tubing-affect ed reduct ions  will 
a ffect  abilit y t o acces s  working 
gas  capacit y, as  a  few high-
deliverabilit y fie lds  a re  
as s ocia t ed with much of t he  
current  U.S. capacit y 
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Deliverabilit y Reduct ion Bas ed on Flow and Tubing Size
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T&P Deliverabilit y Ana lys is  Conclus ions

• Adding T&P could reduce  de liverabilit y due  t o flow res t rict ions ; t he  ext ent  of reduct ion 
depends  on whether t he  current  wells  a re  res ervoir-limit ed or t ubing-limit ed

• Tubing-limit ed wells  will s how notable  reduct ions  in flowra t e  with addit iona l ID 
res t rict ions

• Res ervoir-limit ed wells  will s how s mall t o no reduct ions  in flowra t e  with addit iona l ID 
res t rict ions

• Opera tors  have  actua l well performance  da t a  and models  t ha t  bes t  predict  t he  res pons e  
of t he ir own fie lds  t o changes  in configura t ion

• While  t he  modeling indica t es  t ha t  de liverabilit y reduct ions  of les s  t han 25% s hould be  
s een acros s  t he  majorit y of wells  and fie lds  in t he  U.S., opera tor concerns  of 4 0-60% 
reduct ions  in de liverabilit y for t he  highes t -flowing wells  and fie lds are  pos s ible , t hough 
infrequent  on a  na t iona l s ca le  



Sandia National Laboratories is a m ultim ission labora tory m anage d  and  ope ra ted  by National Technology 
and  Enginee ring Solu tions of Sand ia , LLC., a  wholly owne d  subsid iary of Honeywe ll In te rna tional, Inc., for the  
U.S. Departm en t of Ene rgy’s National Nucle ar Se cu rity Adm in istra tion  unde r con tract DE-NA0003525.
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r is k mode l 
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Applicabilit y of T&P needs  t o be  eva lua t ed on a  well-by-well bas is



19

Configura t ions  us ed for ana lys is

The model was  applied t o two 
types  of configura t ions :
• Wells  with T&P
• Wells  with T&P and 

s ha llow-s e t  SSSV
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

• Dis cus s ions  with UGS opera tors  and PHMSA

• Project  de liverables :

• Fina l Project  Report

• Excel Implementa t ion of t he  Model

• Fina l Informat ion Dis s emina t ion Pres ent a t ion

• Python Code

• Journa l Art icle  (t o be  publis hed)
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Recommenda t ions

• Applica t ion of T&P might  reduce  ris k in s ome but  not  a ll UGS wells
• Applicabilit y of T&P 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 T&P 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 T&P 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 T&P
• 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 T&P 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=745 

• 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 
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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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