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CROWN ZELLERBACH NO. 2 

LIVINGSTON PARISH, LOUISIANA 

1.0 INTRODUCTION 

Eaton Opera t ing  Comparly, Inc .  recommends D.O.E. funding f o r  a geopressured- 

geothermal t e s t  of Martin Exp lo ra t ion  Company's Crown Zel le rbach  Well N o .  2 

under the  Wells of Opportunity program. T o t a l  e s t ima ted  c o s t  t o  complete 

t h e  t es t  w e l l ,  complete a saltwater d i s p o s a l  w e l l  and test t h e  w e l l  i s  

$3,401,000. An o p t i o n a l  t e s t  invo lv ing  a convent iona l  workover plugback 

w i t h  a r i g  on l o c a t i o n  would c o s t  an e s t ima ted  $715,000. 

This geopressured-geothermal WOO p rospec t  w a s  o r i g i n a l l y  d r i l l e d  by 

Mar t in  Exp lo ra t ion  Company t o  a t o t a l  depth of 17,000'  w i th  9-518" i n t e r -  

mediate c a s i n g  set a t  14,109 ' .  The w e l l  w a s  plugged t o  f a c i l i t a t e  t h e  

planned re-entry.  Es t imated  bottomhole pressure at an intermediate forma- 

t i o n  depth of 16,736'  is 12,010 p s i .  

used du r ing  t h e  d r i l l i n g  of the  proposed test zone. 

ho le  temperature i s  297OF and maximum es t ima ted  s a l i n i t y  i s  16,000 ppm. 

A mud weight of  13.8 l b / g a l .  was 

Es t imated  bottom 

Assuming s a t u r a t i o n ,  the  gas con ten t  i s  e s t ima ted  t o  be 5 1  SCF/bbl. 

Completion ope ra t ions  w i l l  c o n s i s t  of c lean ing  out t h e  w e l l  t o  t o t a l  

depth,  running a f u l l  s t r i n g  of  7 inch cas ing  and t e s t i n g  the  Tuscaloosa 

Trend of Upper Cretaceous Age from approximately 16,718 f e e t  t o  16,754 f e e t .  

Eaton Industries of Houston, Inc. 



Work on the  p r o j e c t  should begin  i n  March, 1981, and be completed by t h e  

end of July, 1981. 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Operating Co., Inc. 
31 00 Edloe 

Houston. Texas 77027 
(71 3) 627-9764 

-2-  



DOE CONTRACT NO 
DE AC08-80ET-27081 3 100 Edloe 

Eaton Operating Co., Inc. 

Houston, Texas 77027 
(71 3) 627-9764 

-3- 

2.0 SUMMARY 

A geopressured-geothermal t e s t  of  Mar t in  Exp lo ra t ion  Company's Crown 

Zel le rbach  Well No. 2 w i l l  be conducted i n  t h e  Tuscaloosa Trend. The 

Crown Zel le rbach  Well No. 1 w i l l  be conver ted  t o  a s a l t w a t e r  d i s p o s a l  

w e l l  f o r  d i s p o s a l  of produced b r i n e .  

The w e l l  i s  l o c a t e d  i n  the  Satsuma Area, Liv ings ton  P a r i s h ,  Lou i s i ana .  

Eaton proposes t o  t e s t  the  Tuscaloosa by p e r f o r a t i n g  the  7 inch cas ing  

from 16,718 f e e t  t o  16,754 f e e t .  

formation depth of 16,736 f e e t  i s  a n t i c i p a t e d  t o  be 12,010 p s i  and t h e  

tempera ture  i s  a n t i c i p a t e d  t o  be 297OF. 

16,000 ppm. 

of water a day w i t h  a gas content  o f  51 SCF/bbl. 

The r e s e r v o i r  p r e s s u r e  a t  an i n t e r m e d i a t e  

Ca lcu la t ed  water  s a l i n i t y  i s  

The w e l l  i s  expected t o  produce a maximum of 16,000 b a r r e l s  

Eaton w i l l  r e - en te r  the  t es t  w e l l ,  c l ean  ou t  t o  17,000 f e e t ,  run produc- 

t i o n  c a s i n g  and complete t h e  well. The d i s p o s a l  w e l l  w i l l  be re -en tered  

and completed i n  the  9-518 inch c a s i n g  f o r  d i s p o s a l  of  produced b r i n e .  

T e s t i n g  w i l l  be  conducted similar t o  prev ious  Eaton annu la r  flow W O O  

tests. 

a f t e r  the  o r i g i n a l  t e s t  and w i l l  r e q u i r e  a workover wi th  a r i g  on l o c a t i o n  

t o  perform the  plugback. 

An o p t i o n a l  tes t  from 16,462 f e e t  t o  16,490 f e e t  may be performed 

The s u r f a c e  product ion  equipment u t i l i z e d  on previous  t e s t s  w i l l  be u t i l i z e d  

on t h i s  tes t .  

volved i n  t h e  t e s t i n g  a r e  f a m i l i a r  w i th  i t s  o p e r a t i o n .  

i n g  w i l l  o p e r a t e  the  t e s t  equipment. 

The equipment has worked s a t i s f a c t o r i l y  and a l l  p a r t i e s  i n -  

Weatherly Engineer- 

Eaton Industries of Houston, Inc. 



The I n s t i t u t e  of Gas Technology (IGT) 

sampling, t e s t i n g  and r e s e r v o i r  eng in  

handle  

c t i v e l y .  

Wireline work r e q u i r e d  w i l l  be awarded on b a s i s  o f  b i d  e v a l u a t i o n .  

A t  t h e  conclusion o f  t he  t e s t  p e r i o d ,  t he  D . O . E .  owned t e s t  equipment 

w i l l  be removed from t h e  t e s t  s i t e ,  t h e  t e s t  and d i s p o s a l  wel l s  plugged 

and abandoned and t h e  s i t e s  r e s t o r e d  t o  t h e  s a t i s f a c t i o n  o f  a l l  p a r t i e s .  
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3.0 LEGAL AGREEMENTS 

This s e c t i o n  con ta ins  copies  of  the  s i g n e d  agreements wi th  Martin Explora- 

t i o n  Company and Crown Zel lerbach.  
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EATON OPERATING COMPANY, I N C .  
3100 Edloe,  S u i t e  205  
Houston, Texas 7 7 0 2 7  

January 19, 1 9 8 1  

Mart in  Explora t ion  Company 
3501 N. Causeway Boulevard 
S u i t e  9 0 1  
Metairie, Louis iana 70002  

At t en t ion :  M r .  Char les  Romano 

R e  : Martin Exp lo ra t ion  Company 
Crown Zellerbach Corpora t ion  
W e l l  N o .  2 
Sec t ions  1 9  and 2 0 ,  T6S-R5E 
Liv ings ton  P a r i s h ,  Louis iana 

Gentlemen : 

Subject t o  approval  of t h e  United S t a t e s  Department of Energy, 
Eaton hereby ag rees  t o  purchase a l l  of t h e  r i g h t ,  t i t l e  and i n t e r e s t ,  
i n c l u s i v e  of a l l  geological h i s t o r y ,  l og  data and sa lvage  r i g h t s ,  
owned by Mart in  i n  t h e  fo l lowing  desc r ibed  w e l l ,  to-wit :  

Mar t in  Explora t ion  Company-Crown Zel le rbach  W e l l  N o .  2 ,  as 
above desc r ibed ,  f o r  the sum c e r t a i n  of S I X T Y  THOUSAND ( $ 6 0 , 0 0 0 . 0 0 )  
Dollars.  

Upon payment of s a id  sum Mart in ,  i t s  lega l  r e p r e s e n t a t i v e s ,  
successo r s  and a s s i g n s  s h a l l  have no f u r t h e r  i n t e r e s t  i n  s a i d  
described w e l l .  

Upon completion of c e r t a i n  geothermal-geopressure t e s t i n g ,  Eaton 
s h a l l  c l e a n  up and r e s t o r e  the l o c a t i o n ,  pursuant  t o  Ea ton ' s  agreement 
w i t h  t h e  landowner, Crown Zel le rbach .  

Mart in  s h a l l  be t h e  so le  c o r p o r a t i o n  l i a b l e  t o  f a i r l y  and 
e q u i t a b l y  d i s t r i b u t e  t h e  payment made by Eaton t o  o t h e r  working 
i n t e r e s t  owners, i f  any, and Mart in  h e r e i n  agrees t o  hold  Eaton harm- 
less from such d i s t r i b u t i o n ,  i f  any, by Martin.  

Attached h e r e t o  and marked E x h i b i t  I and E x h i b i t  11, are c e r t a i n  
documents i nco rpora t ed  h e r e i n  as i f  f u l l y  w r i t t e n  i n  this agreement. 

-6- 



Mar t in  E x p l o r a t i o n  Company 
M r .  Cha r l e s  Romano 
January 1 9 ,  1 9 8 1  
Page 2 - 

I f  t h e  above conforms t o  your  
please s i g n  and r e t u r n  f o u r  c o p i e s  

unders tanding  of t h i s  agreement ,  
t o  u s .  

S i n c e r e l y ,  

EATON OPERATING COMPANY, I N C .  

BY: /> 
a. A .  EATON, P r e s i d e n t  

ACCEPTED AND AGREED TO t h i s  
1 9 t h  day of January ,  1981 .  

MARTIN EXPLORATION COMPANY 

Sen io r  V i c e  Pres ident -Legal  

-7- 
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'lUtilitation of Labor Surplus Area Concerns" (41-CFR-1-1.805-3) 

"Utilizstioa of Hinority Business Enterprises" (41-CFR-1-1,1910.2) 

5. "Equal Opportunity" (41-CFR-1-12.803.12) . 

6. 

7. 

"Disabled Veterans and Veterans of the Vietnam Era'' 

"Tenniastion for Coavenicnce of the  Covern~ent"(41-CPR-1-8.705-1) 

.. . 

- &lies t o  Subcontracts er purchase orders which provide f o r  the performance 
of Service .- 

1. "CQnt~act Work nourv and Safety Standard A c t  - Overtime Compensation" 
"(4l*-CFR-I-12 -303) 

. .  
2. "Seirvice Cuntxact Act af 1965 - As'Amended'* (41-CFR-1-12.904) 

&lies t o  Subcontracts or pukchsoe ardors which cxcced $100,000 

1. "CoiiC Accornrting Standard" (41-CPR-1-3 1204-1) 

2. "Authoritatioa aad Consent" (41-CFR-9-9,102-1) . . .  * 

4. "Audit eud EEtOrd" <tl-CFB-1-3,814.2) 

5. 

6. 

7, "Hol.ice of Labor Disputes" 

' ' S U ~ C O ~ ~ X J C ~ Q ~ :  C a s t  and Pricing Data" (41-CFR-I-3.614-3) 

"Prj.cc Reduction for bcicct ivu Cost  or Pricint; Data" (4?.-CbR-1-3.814-1) 



EATON OPERATING COMPANY, I N C .  
3100 Edloe, S u i t e  205 
Houston, Texas 77027  

January 1 9 ,  1 9 8 1  

Mart in  Exp lo ra t ion  Company 
3501 N .  Causeway Boulevard 
S u i t e  9 0 1  
Metairie, Louis iana  70002  

A t t en t ion :  M r .  Char les  Romano 

R e :  Mart in  Explora t ion  Company 
Crown Zel le rbach  Corporat ion 
W e l l  No. 1 
S e c t i o n  1 9  and 2 0 ,  T6S-RSE 
Liv ings ton  P a r i s h ,  Louis iana 

Gentlemen: 

Sub jec t  t o  t h e  approval  of t h e  United States  Department of 
Energy, Eaton hereby agrees  t o  purchase a l l  of t h e  r i g h t ,  t i t l e  
and i n t e r e s t ,  i n c l u s i v e  of  a l l  g e o l o g i c a l  h i s t o r y ,  l o g  d a t a  and 
sa lvage  r i g h t s ,  owned by Martin i n  the fo l lowing  desc r ibed  w e l l ,  
t o - w i  t : 

Martin Exp lo ra t ion  Company-Crown Zel le rbach  Corporat ion W e l l  
N o .  1, a s  above desc r ibed ,  f o r  t he  sum c e r t a i n  of EIGHTY-FIVE 
THOUSAMD ($8  5,000.00 ) Dol la r s .  

Upon payment of s a i d  sum Martin,  i t s  l e g a l  r e p r e s e n t a t i v e s ,  
successo r s  and a s s i g n s  s h a l l  have  no f u r t h e r  i n t e r e s t  i n  said 
described w e l l .  

Upon completion of c e r t a i n  geothermal-geopressure t e s t i n g ,  Eaton 
s h a l l  c l e a n  up and r e s t o r e  t h e  l o c a t i o n ,  pu r suan t  t o  Ea ton ' s  agree- 
ment w i th  t h e  landowner, Crown Zel le rbach .  

Mart in  s h a l l  b e ' t h e  sole  c o r p o r a t i o n  l i a b l e  t o  f a i r l y  and equi- 
t a b l e  d i s t r i b u t e  the payment made by E a t o n  to  o t h e r  working i n t e r e s t  
owners, i f  any, and Mart in  h e r e i n  ag rees  t o  hold Eaton harmless 
from such d i s t r i b u t i o n ,  i f  any, by Mart in .  

Attached h e r e t o  and marked E x h i b i t  I and E x h i b i t  11, a r e  c e r t a i n  
documents i nco rpora t ed  h e r e i n  a s  i f  f u l l y  w r i t t e n  i n  t h i s  agreement. 

. .  
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Martin Exploration Company 
Mr. Charles Romano 
January 19, 1981 
Page 2 - 

If the above conforms to your understanding of this agreement, 
please sign and return four copies to us. 

Sincerely yours, 

EATON OPERATING COMPANY, INC. 

BY: 

ACCEPTED AND AGREED TO this 

19th day of January, 1981 

MARTIN EXPLORATION COMPANY 

BY: 
CHARLES ROMANO 
Senior Vice President-Legal 

B: A. EATON, President 

-11- 



TERMS AND CONOlflONS OF PUIICHASE OnOEn 

4, FOREIGN SUPFUES - ftoh cantria is s*etr to tho Buy Amoricrn AM (41 CFR- 1-6.104001. 

6. CONVICT lA8C)R 4 kt OoMbcbOn ' wilh ?ha pcrfermonca of work undor this Cantract. Ihr Supdior agreoo not 10 employ a.ny 
parton urdcrgeing sontante d imphurvnsnt itmpt us provldod byt4 I CFR. 1 - 1 1.204). 

6. OFFJCIALS NO110 BENEFTT - #omtmbrw d, otdelogrieto.Congrcss. or rortdqnt cornmissroncr, shall be admiltcd to any ahme 
O t  plirl of this contrael. 01 lo UwCSandU rhw m a l  artsd thorolrom; but this yravasm shall no1 beconrtruodloaxtend tathi$contron if 
m+dr 6 t h  o carporation tor ma m u  benefit. 

7. 'COVENANT AGkINST CWlVHMNT FEES - t h o  Suppfisr w m m i s  that no person or selling agoncy has been b r n p l ~ p d  or 
retulned to solicit or secure th, CMirct upoh a n i  rgrserntni or undorsianclmg lor a eommissmn. porccntcgo, brokerago. or 
crontingont loaa. exceptin9 bonr ld .  uholweer or born fide crroblished comnrercial or sclling agencicS mainthincd by ftrc Suppitor 
fW tile purposa of rc.toring bar& w ndrtion of lhis w(lrrrnryfhe Purchascr alia11 hove the  righl lo annul ihts cdntrsct 
Wthovt liability 62 N¶ rtr disfxa+roo rockduct from the contract price or conslearation, &I othorwios rocavor the full amount of such 
CQmmirsion, patCWt8ge. b t o b e g a .  Q continpnt loa 

1. IfEDERAL STA::E AN0 L d u t  TWES - Except as may be ofhewise provided in this contract, Ihe contract price includes 8n 
gOtlcablr federal. !:tate, r n d b w l ~ s r n d d u l i o ~ i n e f 1 a t i  on thedaioof ihitcontractbu~UocsnatincluU~anylavat ItDm which the 
Purchessr. the Supdier on rhiC trmwakn u aremqt. 

9. f3oods must bs Shipood PL pa hftruabrw otherwit. rny extra handling charge will be billed bsck to sellar. 

-12- 



EXHIBIT 11 . 

Except uhcrc rhc vord "Contractor" is usad, s u h ~ t i t u ~ c  thc word "Subcantractor", 
and whcrc t1r.c word "Govcrnmcnc i o  usc'd, substitute the word "Purchaser", 

&pl?cs KO Subcontract6 or pu.rcljose otrlcrs which exccod $2,500 
. I  

1, "Employmcrrt of thc Hmdicappad" (41-CFR-1-12.904) 
. 

&plics t o  Subcontrnctni-or purchase orders which cxcccd $10,000 - I-__.- 

1. "Notice and Assistance Regarding Patent  and Capyright Xnfringornent" 
(41-CFR-9-9. LO41 

2, "Ut~liracion of Small Busincss Concerne" (41-CFR-1-1.710-3) 

3. " U t i l i z a t i o n  o f  Labor Surplus Arce Concerns" (41-CFR-1-1.805-3) - . .. 

4, "Utilization of  bdnority Businesa Enterprises'' (41-CFR-1-1.1310.2) 

5 .  "Equal Opportunity" (41-CFR-1-12.803.12) 

6. 

7. 

8. "Pt icing Adjusrment"(41-C~R-1-7.102-20) 

"Dieabled Veterans and Veterans of the Vietnam Era" 

"Termination fox Convenience of the Covornment1'(41-CFR-l-8.705-1) 
. 

. 9. '%Ish 1reaI.y Public  Contracts Act"(61-CFR-1-12.605) 

. &ties t o  Subcontracts or purchase orders wh.ich provide for the performance 
.. . of Service 

CI 

. .  1, "COntract Work Houru. and Safety Standard Act - Overtime Compensation" 
v . .  , .  ' (41*-CFR-1-12.303) 

.. . 
2. "Service Contract A c t  of  1965 - An 'Amcndcd" (41-CFR-1-12.904) . ,  

&lies  t o  Subcontracts or purchase orders tJhich cxcced $100,000 

1. %out Accounting Standard" (41-CR-1-3,1204-1) 
. .  

2. "Authorization and Consent" .(41-CFR-9-9.102-1) . .  . 

3, 

4,  ''Audit and Record" (41-CFR-1-3.814,2) 

"Extmincr t: ion c f Rccordg" (41-CFR- 1-7 . 1O3-3) 
B 



EATON OPERATING COMPANY, INC. 

January  16,  1981 

Crown Zel l e r b a c h  Corpora t i o n  
One Bush Street  
San F ranc i sco ,  C a l i f o r n i a  94104 

A t t e n t i o n :  D r .  E.  G. Tonn 

R e :  S h e l l  O i l  Company - Crown Ze l l e r3ach  Corpora t ion  
No. 1, Mar t in  E x p l o r a t i o n  Co. - Crown Ze l l e rbach  
No. 2 ,  S e c t i o n  19 and 2 0 ,  Township 6 South,  E E ,  
L iv ings ton  P a r i s h ,  Lou i s i ana  

Dear D r .  Tonn: 

Eaton Opera t ing  Conpany, I n c .  ( h e r e i n a f t e r  r e f e r r e d  t o  as "EATON"), 
a Texas c o r p o r a t i o n ,  is a p a r t y  t o  a v r i t t e n  c o n t r a c t  w i t h  t h e  Department 
of Energy ( h e r e i n a f t e r  r e f e r r e d  t o  as "D.0.E.") which c a l l s  f o r  EATON t o  
c a r r y  o u t  r e s e a r c h ,  f i e l d  t e s t i n g  and e v a l u a t i o n  o f  w e l l  s i tes i n  t h e  Louisiana- 
Texas Gul f  Coast area where r e s e r v o i r  and p roduc t ion  d a t a  can be ob ta ined  t o  
assess t h e  energy  p o t e n t i a l  o f  t h e  Gulf Geopressured-Geothermal Aqui fers .  

Eaton i s  s e e k i n g  w e l l  l o c a t i o n s  which, i f  they are n o t  p r e s e n t l y  
p roduc t ive  of o i l  o r  gas ,  can be t aken  over  f o r  a s h o r t  t es t  when t h e  o p e r a t o r  
h a s  made t h e  d e c i s i o n  t o  p lug  and a b a d o n  such  a w e l l .  

Crown Z e l l e r b a c h  Corpora t ioa  ( h e r e i n a f t e r  r e f e r r e d  t o  as "CROWN") 
i s  t h e  owner of two (2 )  t r a c t s  o f  l and  l o c a t e d  i n  S e c t i o n s  19  and 20, respec- 
t i v e l y ,  o f  Township 6 South,  Range 5 Z a s t ,  L i v i n g s t o n  P a r i s h ,  L o u i s i a n a ,  upon 
which there have been d r i l l e d  two ( 2 )  w e l l s  i n  search of hydrocarbons in a 
l i q u i d  o r  gaseous s t a t e ,  which w e l l s  are i d e n t i f i e d  more s p e c i f i c a l l y  as  t h e  
Mar t in  E x p l o r a t i o n  Cospany-Crown Ze l l e rbach  Corpora t ion  No. 2 Well,  l o c a t e d  
i n  S e c t i o n  1 9 ,  and t h e  S h e l l  O i l  Company-Crown Z e l l e r b a c h  Corpora t ion  No. 1 
Well l o c a t e d  i n  S e c t i o n  20 ,  ( h e r e i n a f t e r  r e f e r r e d  t o  as "Subject Wel l s" ) ,  
which w e l l s ,  and t h e  l ands  owned by Crovn i n  t h e  v i c i n i t y  the reo f  committed 
t o  t h i s  agreement, are o u t l i n e d  in r e d  on the  p l a t  a t t a c h e d  h e r e t o  and made 
p a r t  h e r e o f  as E x h i b i t  A. 

Under t h e  proposed o p e r a t i m  p lan  o u t l i n e d  h e r e i n ,  EATON has  acqu i r ed  
from MARTIN EXPLORATION COMPANY ( h e r e i n a f t e r  r e f e r r e d  t o  a s  "NAFtTIN") a l l  of  
t h e  r i g h t ,  t i t l e  and i n t e r e s t  i n  and to t h e  s a l v a g e  r i g h t s  t o  t h e  S u b j e c t  Wells, 
which are r e se rved  t o  Martin under Paragraph  8 of  t h a t  c e r t a i n  Mineral  Lease 

PHONE 713427-9764 
T W X  910-881-1793 
EDEC-HEC-HOU 

3100 EDLO€. SUITE 205 
HOUSTON. TEXAS 77027 

U.S. DEPARTMENT OF ENERGY 
CONTRACT NO. 

DE-AC08-80R27081 
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D r .  E .  G. Tonn 
Crown Z e  1 le rbach  Corpora t i  on 
January  16 ,  1981 
Page Two 

dated  May 29 ,  1975, executed  by Cro-vn, as lessor, i n  f avor  of  S h e l l ,  as 
lessee, a s  supplemented by a g r e e z n t  da t ed  J u l y  5 ,  1977 ( h e r e i n a f t e r  re- 
f e r r e d  t o  as  "She l l  Lease") pursuant  t o  which the S u b j e c t  Wells were d r i l l e d .  
Eaton w i l l  use t h e  S u b j t c t  Wel l s ,  and the d r i l l  s i t e s  o u t l i n e d  i n  r ed  on 
E x h i b i t  "A", t o  perforr :  t m p e r s t u r e ,  p r e s s u r e  and gas c o n t e n t  measurements 
a t  v a r i o u s  flow r a t e s ,  e v a l u a t e  same and make w r i t t e n  r e p o r t s  thereon  t o  the  
United S t a t e s  Departmzt of  Energy. 

CROWN w i l l  p rovide  EATON w i t h :  

( i )  

( i i )  a right-of-way f o r  an "8" inch o r  l e s s  p i p e l i n e  which w i l l  

t h e  necessa ry  access  t o  t h e  d r i l l  s i t e s  shown on E x h i b i t  "A", 
and 

connec t  the S u b j e c t  Wells dur ing  t h e  term of  t h i s  agreement. 

This l e t t e r ,  when accepted  and agreed  t o  by CROWN, which s h a l l  be 
t h e  e f f e c t i v e  d a t e  he reo f  , s h a l l ,  s u b j e c t  t o  the  c o n d i t i o n s  s t i p u l a t e d  h e r e i n ,  
ev idence  t h e  a g r e e r e n t  je tween  SATON and CROWN, as fol lows : 

(1) EATON, a t  i t s  so l e  c o s t ,  r i s k  and expense ,  w i l l  m a k e  i t s  b e s t  
e f f o r t  t o  e n t e r  t h e  S u b j e c t  Wells and complete s a i d  w e l l s  f o r  geothermal 
t e s t i n g .  Should t h i s  r e e n t r y  prove u n f e a s i b l e ,  t h e n  EATON s h a l l  r e s t o r e  
and c l e a n  up the  d r i l l  s i t e s  shown on E x h i b i t  "A" and t h i s  agreement s h a l l  
t e r m i n a t e  as t o  b o t h  p a r t i e s .  

( 2 )  Should EATOK succeed i n  r e e n t e r i n g  t h e  S u b j e c t  Wells so as 
t o  commence f u r t h e r  o p e r a t i o n s  as  s t a t e d  above, t h e n ,  a t  t h a t  p o i n t ,  EATON 
s h a l l  pay t o  CROWB, f o r  t h e  r i g h t  t o  per form such t e s t i n g ,  measurements and 
e v a l u a t i o n  of  geopressured-geothermal r e s e r v o i r s ,  the  sum of T h i r t y  Thousand 
D o l l a r s  ($30 , 000.00) cash. 

( 3 )  The r i g h t  g r a n t e d  t o  EATON f o r  such c o n s i d e r a t i o n  s h a l l  i n c l u d e  
t h e  r i g h t ,  at EATON'S e l e c t i o n ,  to u t i l i z e  the S h e l l  O i l  Company-Crown Zeller- 
bach No. 1 Well as a s a l t w a t e r  disposal  well and t h e  r i g h t  t o  l a y  a temporary 
w a t e r  l i n e  between the S u b j e c t  Wells. 

( 4 )  I n  connec t ion  w i t h  a l l  i t s  o p e r a t i o n s ,  i n c l u d i n g  b u t  n o t  l i m i t e d  
t o  r e e n t r y  of t h e  wel l s ,  and c r e a t i n g  a s a l t w a t e r  d i s p o s a l  w e l l ,  EATON s h a l l :  

( a )  Provide  i c s u r a n c e  coverage ,  naming CROWN as an i n s u r e d  
p a r t y ,  on a11 o f  i t s  o p e r a t i o n s  he reunde r  wi th  l i m i t s  
of  n o t  l e s s  t k u l  E igh ty  M i l l i o n  D o l l a r s  ($80,000,000.00) 
f o r  l i a b i l i t y  and Twenty-Five M i l l i o n  D o l l a r s  ($25,000,000.00) 
f o r  c o s t  of w e l l  c o n t r o l ;  and 
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D r .  E .  G. Torin 
Crown Ze l l e rbach  Corpora t ion  
January  16,  1981 
Page Three 

( b )  Obta in  211 f e d e r a l ,  s t a t e  and l o  a 1  governmental 
p e r n i t s  r e q u i r e d  f o r  i t s  o p e r a t i o n s  and perform a l l  
such o p e r a t i o n s  i n  accordance wi th  r easonab le  i n d u s t r y  
s t a n d a r d s  and i n  compliance wi th  a p p l i c a b l e  governmental 
and r e g u l a t o r y  agency requi rements .  

( c )  
Wells f o r  t h e  purposes h e r e o f ,  EATON a t  i t s  s o l e  expense ,  
s h a l l  p lug  and abandon s a i d  wells i n  compliance w i t h  ap- 
p l i c a b l e  governmental r e g u l a t i o n s  and s h a l l  r e s t o r e  and 
c l e a n  up t h e  d r i l l  s i tes shown on E x h i b i t  "A". 

Should EATON f i n d  i t  u n f e a s i b l e  t o  reenter t h e  S u b j e c t  

( 5 )  A s  p a r t  of  t h e  c o n s i d e r a t i o n  t o  CROWN he reunde r ,  i n  t h e  even t  
EATON succeeds  i n  e n t e r i n g  t h e  S u b j e c t  Wells, which e n t r y  s h a l l  be accomplished 
no l a t e r  than  one hundred and e i g h t y  (180) days from the e f f e c t i v e  d a t e  here-  
o f ,  t h e n  upon EATON n o t i f y i n g  CROWN i n  w r i t i n g  t h a t  i t  has  completed o r  ceased 
i t s  t e s t i n g ,  measuring and e v a l u a t i o n  o p e r a t i o n s ,  which s h a l l  be f i n a l i z e d  
w i t h i n  one hundred e i g h t y  (180) days from t h e  d a t e  of a c t u a l  e n t r y  by EATON, 
CROWN s h a l l  have one hundred and twenty (120) days from t h e  d a t e  of  n o t i c e  
w i t h i n  which t o  e l e c t ,  by w r i t t e n  n o t i c e  to.EATON, t o  r e c e i v e  from EATON, 
w i t h o u t  n e c e s s i t y  o f  any f u r t h e r  c o n s i d e r a t i o n ,  t h e  f u l l  ownership of  t h e  
S u b j e c t  Wells, wi th  a l l  c a s i n g  i n  e i t h e r  o r  bo th  of  s a i d  w e l l s .  
n o t  p l u g  and abandon e i t h e r  o f  t h e  S u b j e c t  Wells du r ing  s a i d  p e r i o d  u n l e s s  
CROWN has n o t i f i e d  EATOX i n  w r i t i n g  t h a t  i t  does n o t  e l e c t  t o  r e c e i v e  s a i d  
w e l l s ,  o r  e i t h e r  of  then. 
r e c e i v e  e i t h e r  o r  bo th  s a i d  w e l l s ,  upon e x p i r a t i o n  of s a i d  pe r iod  o f  me 
hundred twenty (120) days wi thou t  CROWN having  g iven  n o t i c e  of  e l e c t i o n  t o  
r e c e i v e  e i t h e r  o r  bo th  of s a i d  wel ls ,  then EATON s h a l l ,  a t  i t s  s o l e  r i s k  
and expense ,  p lug  and abandon, i n  accordance w i t h  t h e  r u l e s  and r e g u l a t i o n s  
of  t h e  Lou i s i ana  D e p a r t m n t  of Conserva t ion  , and o t h e r  a p p l i c a b l e  governmental 
r e g u l a t i o n s ,  e i t h e r  o r  bo th  o f  s a i d  wells which CROWN s h a l l  have e l e c t e d  n o t  
t o  r e c e i v e ,  e i t h e r  by n o t i c e  t o  EATON o r  by non-action w i t h i n  s a i d  p e r i o d .  
If CROWN e l e c t s  t o  r e c e i v e  e i t h e r  o r  b o t h  s a i d  wells, EATON s h a l l  convey 
what i n t e r e s t  i t  (EATON) has  t h e r e t o  t o  CROWN wi th  the  c a s i n g  t h e r e i n .  Upon 
such conveyance as  t o  the  w e l l  o r  w e l l s  CROWN s h a l l  e l e c t  t o  r e c e i v e ,  and /o r  
t h e  p lugging  and abandoning of e i t h e r  o r  bo th  s a i d  w e l l s  which CROWN does 
n o t  e l e c t  t o  r e c e i v e ,  EATON s h a l l  v a c a t e  t h e  d r i l l  s i t e s  shown on Exhibit: "A" 
and s h a l l  have no f u r t h e r  l i a b i l i t y  he reunde r  excep t  f o r  p r e v i o u s l y  and ac- 
c rued  o b l i g a t i o n s .  

EATON s h a l l  

Upon CROWN n o t i f y i n g  EATON t h a t  i t  e l e c t s  n o t  t o  

(6) Also as p a r t  of t h e  c o n s i d e r a t i o n  t o  CROWN he reunde r ,  EATON 
w i l l  f u r n i s h  t o  CROIJN, d i r e c t e d  t o  D r .  E .  G.  Tonn, Crown Ze l l e rbach  Corpora t ion ,  
1 Bush S t r e e t ,  San F ranc i sco ,  C a l i f o r n i a  96104, a l l  tes t  w e l l  d a t a ,  a n a l y s e s ,  
i n fo rma t ion  and e v a l u a t i o n  ob ta ined  from EATON' s o p e r a t i o n s ,  i n c l u d i n g  pres-  
s u r e s  , t empera tu res ,  flow r a t e s  , r e c e r v o i r  l i m i t  t e s t  in fo rma t ion  and ana lyses  , 

-16- 



D r .  E .  G.  Tonn 
Crown Ze l l e rbach  C o q 3 r a t i o n  
January  1 6 ,  1981 
Page Four 

I 

and chemical and p h y s i c a l  v l a l y s e s  o f  bo th  t h e  b r i n e  and t h e  g a s e s ,  and 
c o n s i s t i n g  i n  g s n e r a l  o f  t h e  s m e  i n f o m a t i o n  t h a t  w i l l  be  provided  by 
EATON t o  D.O.E. under  C m t r a c t  DE-AC08-SOET27081. 

(7 )  CROLY's a g r e e e n t  h e r e t o  is made e x p r e s s l y  s u b j e c t  t o  t h e  
fo l lowing  c o n d i t i o n s :  

( a )  
r e s u l t  o f  t i e  o p e r a t i o n s  t o  be conducted by EATON he re -  
under s h a l l  be t h e  p rope r ty  o f  CROWN. 

A l l  h y d r o c a r b m s  recovered  and s o l d  by EATON as t h e  

( b )  All r i g h t s  of EATON hereunder  s h a l l  t e rmina te  w i t h i n  
one hundred a d  e i g h t y  (180) days of t he  d a t e  on which EATON 
succeeds i n  en ter ino ,  t h e  Sub jec t  Wells f o r  t h e  purpose h e r e o f ,  
except  t h a t  any p rev ious ly  accrued  o b l i g a t i o n s  o f  EATON s h a l l  
s u r v i v e  s a i d  t e rmina t ion .  

( c >  That  oil, gas and  mine ra l  l e a s e  da t ed  January  5 ,  1981, 
executed  by Crown Ze l l e rbach  Corpora t ion  as  l e s s o r ,  i n  f avor  
of Pennzo i l  Producing Co., 8 s  l e s s e e  , which l e a s e  s p e c i f i c a l l y  
exc ludes  t h s  r i g h t  t o  conduct geothermal  o p e r a t i o n s .  

(8) The r i g h t s  g ran ted  EATON hereunder ,  s h a l l  no t  be  a s s i g n e d ,  
su r r ende red  o r  o the rwise  t r a n s f e r r e d  w i t h o u t  t h e  p r i o r  wri t ten consent  of 
Crown Zel le rbach .  

(9) Attached  h e r e t o  a r e  t h e  fo l lowing  documents e n t i t l e d  "Terms 
and Condi t ions  of Purchase  Order" and "Addi t iona l  Terms and Condi t ions  o f  
Purchase  O r d e r , "  which a r e  oarked  E x h i b i t  I and E x h i b i t  TI; which,  are 
i n c o r p o r a t e d  by r e f e r e n c e  h e r e i z  as if f u l l y s e t  o u t  i n  t o t a l  c o n t e x t  and 
made a p a r t  h e r e o f .  

(10) EATON further e q r e s s l y  s t a t e s  herein t h a t  any and all p o r t  
o f  t h i s  a g r e e r e n t  s h a l l  b e  s u b i e c t  t o  t h e  a m r o v a l  of t h e  United States 
Department of Energy; and, should  s a i d  agency d isapprove  any of  t h i s  ag ree  
ment i n  whole o r  i n  p a r t ,  t hen  s a i d  agreement s h a l l  be  n u l l  and void .  

(11) Not ices  hereunder  s h a l l  be i n  w r i t i n g  and s h a l l  be  deemed 
t o  have been g iven  i f  s e n t  by  te legram,  c e r t i f i e d  o r  r e g i s t e r e d  mail, o r  
d e l i v e r e d  by hand, addressed  t o  t h e  r e s p e c t i v e  p a r t i e s ,  as follows: 

I f t o  EATOS: Eaton Opera t ing  Company, I n c .  
3100 Ed loe ,  S u i t e  205 
Houston, Texas 77027 

ions  

- 

A t t e n t i o n :  M r .  B.  A. Eaton 



. .  
Dr. E. G. Tonn 
Crown Ze l l e rbach  Corpora t ion  
January  1 6 ,  1981 
Page Five  

I f  t o  Crown: Crown Ze l l e rbach  Corpora t ion  
One Bush S t r e e t  
San F ranc i sco ,  C a l i f o r n i a  94104 

A t t e n t i o n :  D r .  E .  G. Tonn 
Telephone: 415/951-5240 

This l e t t e r  is executed  on b e h a l f  o f  EATON i n  t r i p l i c a t e  copies .  
I f  t h e  p r o v i s i o n s  he reo f  conform t o  your unders tanding  o f  t h e  agreement 
between us, p l e a s e  execu te  and r e t u r n  two ( 2 )  cop ie s  t o  u s .  

Yours very t r u l y ,  

EATON OPERATING COMPANY, I N C .  

1 B.  A, Ea ton ,  P r e s i d e n t  

ACCEPTED AND AGREED TO t h i s  

CROWN ZELLERBACH CORPORATION 

ive Vice P r e s i d e n t  
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EXHIBIT I 

TERMS AND CONDITIONS OF PUnCHASE ORDER 

1. INSPECTION AND ACCEPTANCE - lnspucrion and accoptonco will ho at dostinotion. unloss oihorwiso providod. Unt i l  dolivory 
rndeccoptanco, and aftor any rojections, risk of loss will bo o n  tho Contractor unloss loss results from negliuonce of tho Purclissor. 

2. VARIATION IN QUANTITY - No varialion in tho qciontity of any itorn callod for by this contract will bo accoptcd unloss such 
variation tias bccn causcd by  condirrons of loading. shipping, or pocking. or  allowances in manufacturing procossos, and then  only to  
tho extonl, if any, spocifiod olsowhcro in this contract. 

3. DISCOUNTS -Discount time will bocomputedfromdateof delivery at place of acccptmce or from receipt o f  correct invoice at the 
ofl ice spocifiod by the Purchascr. whichever is later. Payment is mado. for discounl purposcs. whon check is mailed. 

4. FOREIGN SUPPLIES - This contract is subject to  tho Buy American Ace (41 CFR.1-6.10405). 

6. CONVICT LABOR - In conneciion wi th  the performance of work under this contract. the Supplier agreos not t o  employ a.ny 
porson undergoing sentonce of irnprisonmcnl exccpt as providod by (41 CFR- 1 - 1 1,204). 

6. OFFlClALS NOTTO BENEFIT - No member of. or delegate to. Congress, or rcsident commissioner, shall be admitted to any share 
or part of this contract. or to any bcnsfit that may arise thcrefrorn; but this provision shall not  be construed toextend to thls contracf if 
made with a corporation for its general benefit. 

7. COVENANT AGAINST CONTINGENT FEES - The Supplier warrants that no person or scll ing agency has been employed or 
retained to solicit or secure ih is  contract upon any agreement or understanding for a comrnissron. percentego. brokeraze. or 
contingonl fees, excepting bona fide employees or bona fide established cornrnercral or selling agencies maintained by the Suppl!er 
for the purpose of securing business. For breach or violation of this warranty the Purchaser shall havc the right IO annul  this contract 
without liability or in its discretion to deduct from the contract price or consideration, or otherwise rccover the full amount of such 
commission. percentage. brokeragc. or contingent Ice. 

LL, STATE AND LOCAL TAXES - Except as may be otherwise provided in this contract, the contract price includes a l l  
applicable Federal. State, and local taxes and duties in effect on the date of th is  contract but docs not include any taxes from wh ich  t h e  
Purchaser, the Supplier on this transaction is  exempt. 

9. Goods must be shipped as per instructions: otherwise any extra handling charge w i l l  be bil led back to seller. 

1 r y r y l U V U U  uy .  

.' 
I . 
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EXHIBIT 11 . 

. .  
ADD3 TTOilhT, 

TERMS AND c o K m  0;;:; OF PURCJIASE oimm 

Except whcrc t h c  word "Cont rac tor"  i s  uscd, subs t i t u t c  t h c  word " S u b c o n t r a c t o r " ,  
and whcrc t h e  word "Government is u s e d ,  s u b s t i t u t e  t h e  vord "Purchase r " .  

Appl i .cs  t o  S u b c o n t r a c t s  o r  Durchase o r d e r s  which cxcced  $2,500 

1. "Employment o f  t h e  Handicapped" (41-GR-1-12.904) 

A p p l i e s  t o  S u b c o n t r a c t s  o r  pu rchase  o r d e r s  wiiicf: exceed  $10,000 

1. " N o t i c e  and A s s i s t e n c e  Rega rd ing  P a t e n t  and Copyr ight  I n f r i n g e m e n t "  
(41-CFR-9-9.104) 

2. " U t i l i z a t i o n  of Small  B u s i n e s s  Concerns"  (41-CFR-1-1.710-3) 

3. " U t i l i z a t i o n  of Labor  S u r p l u s  Area Concerns"  (41-CFR-1-1.805-3) 

4. " U t i l i z a t i o n  of N i n o r i t y  B u s i n e s s  E n t e r p r i s e s "  (41.-CFR-1-1.1310.2) 

* 5 .  "Equal  Oppor tun i ty"  (41-CFR-1-12.803.12) 

6. 

7. 

"Disab led  Ve te rans  and V e t e r a n s  of t h e  V i e t n m  Era" 

"Termina t ion  f o r  Convenience o f  t h e  Governnent"(41-CFR-1-8.705-1) 

8. " P r i c i n g  Adjustment"(41-CFR-1;7.102-20) . . .  

9 .  "Walsh 1leaJ.y P u b l i c  C o n t r a c t s  Act"(41-CZR-1-12.605) 

A p p l i e s  t o  S u b c o n t r a c t s  o r  pu rchase  o r d e r s  which p r o v i d e  f o r  t h e  p e r f o r m a n c e  
of S e r v i c e  . .  

1. " C o n t r a c t  Work Hours and S a f e t y  S t a n d a r d  A c t  - Overt ime Compensat ion" 
' (41-CFR-1-12.303) - 

- .  . 

2. "Service C o n t r a c t  Act of  1965 - As 'Amended" (41-CPR-1-12.904) 
. .  

A p p l i e s  t o  S u b c o n t r a c t s  o r  pu rchase  orders which exceed  $lOO,OOO 

1. "Cost  Account ing  S t a n l a r d "  (41-CFT+1-3.1204-l) 

2. " A u t h o r i z a t i o n  and Consent" .(4l-CFR-9-9.102-1) 

3. "Examinat ion of Rccords" (4l-C1X-1-7.103-3) 

4. "Audit  and Record" (41-CFR-1-3.514.2) 

5 .  

6. 

7,  ''Notice of Labor Disputrs" 

" S u b c o n t r a c t o r  Cost and P r i c i n g  Data" (41-CFR-1-3. S14-3) 

" F r i c c  Reduct ion  f o r  Dcicct i 'vc  C o s t  o r  P r i c i n g  Dzt;l'l (4L-CFR-1-3.814-1) 

* -  
Al'?'hC!I: l!:XT 2 
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4.0 GE OP RE S S URE D- GE OTHE RMAL PROS P E CT 

4.1 Locat ion 

The Martin Exp lo ra t ion  Company Crown Zel lerbach 112 i s  l o c a t e d  2 5 - 1 / 2  m i l e s  

e a s t  of Baton Rouge between Satsuma and Holden and 2530' n o r t h  of Highway 

190 on t h e  o u t s k i r t s  of  Doyle (Figure 4 - 1 ) .  The s p e c i f i c  w e l l  l o c a t i o n  i s  

2530' from the  south l i n e  and 500 '  from the  eas t  l i n e  of S e c t i o n  1 9 ,  Town- 

s h i p  6 s  and Range 5 E  i n  Livingston P a r i s h ,  Louis iana (Figure 4-2 ) .  

4.2 

The p r o s p e c t i v e  geopressured r e s e r v o i r s  occur  i n  t h e  Tuscaloosa Trend o f  

Upper Cretaceous Age. The Tuscaloosa i s  composed o f  a l t e r n a t i n g  sands and 

s h a l e s ,  extending ac ross  Louis iana from S t .  Tammany P a r i s h  on t h e  e a s t  t o  

Beauregard P a r i s h  on t h e  west.  I t  v a r i e s  from 2 t o  1 2  miles  i n  wid th .  A 

n e t  sand isopach map o f  a p o r t i o n  of t h e  t r e n d ,  which h a s  been pub l i shed  by 

Zaki Bassiouni  of t he  LSU Petroleum Engineering Department i s  shown i n  

Figure 4-3. 

The Satsuma area i n  which t h e  proposed t e s t  w e l l  w a s  d r i l l e d  is  s i t u a t e d  

down d i p  to the  E d w a r d s  R e e f  C o m p l e x  w h e r e  t h e  Tuscaloosa sands have a max- 

imum development. 

a r e a .  The s t r u c t u r e  contour  map i s  shown i n  Figure 4-4, and t h e  two cross  

s e c t i o n s  i n  Figures  4-5 and 4-6 a r e  based p r i m a r i l y  on the  d a t a  from t h i s  

s tudy .  As i n d i c a t e d  by these  f i g u r e s ,  t he  t e s t  well i s  l o c a t e d  on an a n t i -  

c l i n a l  f o l d  between two down-to-the-coast growth f a u l t s .  The throw i s  

approximately 900 f e e t  and 450 f e e t  f o r  the  northernmost and southernmost 

f a u l t s ,  r e s p e c t i v e l y .  

G e  o 1 o py 

A d e t a i l e d  s e i s m i c  s tudy  w a s  conducted i n  the  Satsuma 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Operating Co., Inc. 
3104 Edloe, Suite 200 

Houston, Texas 77027 
(713) 627-9764 
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Mapped, edited, and published by the Geological Survey 

HOLDEN, LA. 
SW/4 AMlTE 15' QUADRANGLE 

N3030--W9037.5/7.5 

1974 

ROAD CLASSIFICATION 
Primary highway, 
hard surface - --- improved surface 

Secondary highway, 
hard surface Unimprsved road ========= 

Light-duty road. hard or 

- - __ 
AMS 7845 11 S'N-SEPIES V835 Interstate Route c, U S Roilte .- State Route 

_I - - 
1 

1 0 1 MILE 2 

SCALE 1 2 4  000 - - - - - A  

1000 0 1qoc ZOO0 3900 - 4030 5C00 6CCO 7C30 FEET 
- . ~  - - v,-. 

1 5 0 : IclL3Mf'ER - - -  - 
C O N T C U R  I N T E R V A L  5 FEET 

' O P O G R A P H I C  M A P  
' I G U R E  4 - 2  NATIONAL GE9DETIC VERTICAL DATGM O F  1029 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Operating Co., Inc. 
3100 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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A 
MARTIN EXPLORATION 
2 -  C R O W N - Z E L L E R B A C H  A'  

G E N E R A L I Z E D  CROSS-SECTION A -  A '  

B A S E  O F A U S T I N  C H A L K  S A T S U M A  A R E A  / 
T O P  OF T U S C A L O O A  / 

/-- 

& 
MAP D A T U M  ' A '  S A N D  (16,720') 

F A U L T ;  DIP 8 THROW 

XXJRE 4 -5  / '  

L I V I N G S T O N  P A R I S H  , L A .  
H O R I Z O N T A L  81 V E R T I C A L  S C A L E  

I " =  2000' 
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The two target Tuscaloosa sands oc.cur at a depth of 16,718' to 16,754' 

(Sand "AI') and 16,462' to 16,490' (Sand "B") .  The maximum individual 

sand thickness ranges up t o  36 feet (Figure 4-7). 

Personal communication with people who work the Tuscaloosa Trend indicate 

good log correlation of the Tuscaloosa between wells. Therefore, one 

would assume good reservoir continuity. The reservoir encompasses at 

least 4,800 acres. 

4.3 Reservoir Characteristics 

The predicted reservoir characteristics of the two target Tuscaloosa sands 

based on analysis of the Martin Exploration Company Crown Zellerbach #2 

logs are as follows: 

I. Sand "A" - Primary Target (16,718' - 16,754') 

Sand Thickness : 

Gross sand thickness of the target interval, 16,718' to 16,754' 

(kb), is 36 feet (Figure 4-81. 

Net Sand Thickness: 

A total net sand thickness is 35 feet based upon the analysis of 

the Density/Neutron log. A porosity cutoff of 9% was applied 

in aiding the determination of the net sand. 

Porosity : 

The average porosity of the net sand interval is 17% based upon 

analysis of the Density/Neutron log. The porosities in this 

Eaton Industries of Houston, Inc. 
D O E  C O N T R A C T  NO 
D E - A C 0 8 - 8 0 E T  2 7 0 8 1  

Eaton Operating Co. ,  Inc. 
3 100 Edloe 

Houston. Texas 77027 
(71 3 )  627-9764 
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DUAL INDUCTION/ BOREHOLE C O M P E N S A T E D  SONIC L O G  
C R O W N  Z E L L E R B A C H  N0.2-UPPER TUSCALOOSA 

F I G U R E  4 - 7  
Eaton industries of Houston, Inc. 

DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Operating Co., Inc. 
3100 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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RWA (OHMM) 
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I OMH METERS I I 

DUAL INDUCTION BOREHOLE COMPENSATED SONIC 
S A N D  " A " ,  CROWN Z E L L E R B A C H  NO. 2 

LOG 

FIGURE 4 - 8  

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

Houston, Texas 77027 

DOE CONTRACT NO 
DE-AC08-80ET-27081 31 00 Edloe 

(71 3) 627-9764 
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interval ranged from 9% to 27% (Figure 4 - 9 ) .  

After much discussion with a representative from Schlumberger, 

it was decided that DRHO on the Compensated Neutron-Formation Density 

Log is too high for the mud weight used. Therefore, the porosity 

appears to be 3-5% lower on the log than it actually is. In 

attempting to correct f o r  this error, a 4% correction factor was 

added to the apparent porosities. 

Pressure : 

Using the mud weight of 13.8#/gallon mud, the hydrostatic head 

is estimated to be 12,023 psi at 16,754 feet. 

Temperature: 

The temperature is estimated to be 297'F at 16,754'  based on a 

BHT of 298'F at 17,000'  measured after circulation had been stopped 

for 11-1/2 hours. 

Salinity : 

The salinity was derived using the modified Humble equation: 

H. H. Dunlap, Center For Energy Studies 

First Progress Report, March 1980. 

2 
Rwa = Rt/.81 

Rt = 3 

0 = 17.085% 

S = 16,000 ppm 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO 
DE-ACO8-80ET 27081 

Eaton Operating Co., Inc. 
3 100 Edloe 

Houston. Texas 77027 
(71 3) 627-9764 
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FIGURE 4 - 9  
Eaton Industries of Houston, Inc. 

DOE CONTRACT NO. 
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Eaton Operating Co., Inc. 
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Gas Content: 

Assuming saturation and a pressure of 12,023 psi, the gas content 

is estimated to be 51 SCF/Bbl. 

applying a "field correction factor" of .88 to the Blount, et a1 

value of 58 SCF/Bbl. 

This estimate was obtained by 

11. Sand "B" - Alternate Target ( 1 6 , 4 6 2 '  - 1 6 , 4 9 0 ' )  

Sand Thickness : 

Gross sand thickness of this target interval, 16,462 '  to 1 6 , 4 9 0 '  

(kb), is 28 feet (Figure 4-10) .  

Net Sand Thickness: 

A total net sand thickness is 23 feet based upon the analysis 

of the Density/Neutron log. A porosity cutoff of 9% was applied in 

aiding the determination of the net sand. 

Poros i ty : 

The average porosity of the net sand interval is 13.74% based 

upon analysis of the Density/Neutron log. 

sand interval ranged from 9% to 20% (Figure 4-11). 

The porosities in this 

After much discussion with a representative from Schlumberger, it 

was decided that DRHO on the Compensated Neutron-Formation Density 

log is too high f o r  the mud weight used. 

appears to be 3 -'5% lower on the l o g  than it actually is. 

attempting to correct for this error, a 4% correction factor was 

added to the apparent porosities. 

Therefore, the porosity 

In 
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Pressure : 

Using the mud weight of 13.8#/gallon mud, the hydrostatic head 

is estimated to be 11,833 psi at 16,490 feet. 

Temperature: 

The temperature at 16,490' is estimated to be 293'F based on a 

BHT of 298'F at 17,000' measured after circulation had been 

stopped f o r  11-112 hours. 

Salinity: 

The salinity was derived using the modified Humble equation: 

H. H. Dunlap, Center For Energy Studies 

First Progress Report, March 1980. 

Rwa = 0 R~ 1 .a1 2 

Rt = 5 

0 = 13.74% 

Rwa = .1165 

S = 16,000 ppm 

Gas Content: 

Assuming saturation and a pressure of 11,833 p s i ,  the gas content 

is estimated to be 49 SCFIBbl. This estimate was obtained by 

applying a "field correction factor" of .88 to the Blount, et a1 

value of 56 SCF/Bbl. 

4.4 Resource and Deliverability Projections 
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The amount of brine and natural gas contained in the target Tuscaloosa 

sands is estimated by volumetric calculation using the following assumptions: 

I. Sand "A" - Primary Target (16 ,718 '  - 16,754 ' )  

a) 

b) The net sand thickness is 35 feet. 

c) 

d) 

The volume of in-situ brine in the sand is approximately 212.03 x 

10 , i.e. (0.212 billion) barrels. With the above gas solubility 

of 51 SCF/bbl, the volume of  dissolved-gas is 10.813 billion 

standard cubic feet. 

During the test period of 13 days, approximately 20,000 barrels of 

brine and 3,570,000 SCF of dissolved gas will be produced. 

Using the fluid compressibility of  3 .8  x 10 -6 , it is estimated 

that the static reservoir pressure l o s s  at the end of the test 

period will be approximately 86.88 pounds per square inch in the 

sand for the predicted reservoir area of 7.5 square miles. 

In order to obtain an idea as to the magnitude of expected flow 

rates from the subject well, the radial flow equation for incom- 

pressible fluids in porous media under steady state conditions was 

evaluated as follows : 

The aquifer covers approximately 7.5 square miles. 

The average porosity is 17%. 

The dissolved gas content is 51 SCF/Bbl. 

6 

7.08 kh ( p) 
P B In 9 =  

where : 
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a) 

b) The net sand thickness is 23 feet. 

c) The average porosity is 13.74%. 

d) The dissolved gas content is 49 SCF/Bbl. 

The aquifer covers approximately 7 . 5  square miles. 

The volume of in-situ brine in the sand is approximately 0.11256 x 

10 , i.e. (.1 billion) barrels. With the above gas solubility of 

49 SCFIBbl, the volume of dissolved gas is 5.515 billion standard 

cubic feet. 

9 

During the test period of 13 days, approximately 70,000 barrels 

of brine and 3,430,000 SCF 0 5  dissolved gas will be produced. 

Using the fluid compressibility of 3 . 8  x 10 psi, it is estimated 

that the static reservoir pressure loss at the end o f  the test 

period will be approximately 171.0 pounds per square inch in the 

sand for the predicted reservoir area of 7.5 square miles. 

-6 

In order t o  obtain an idea as to the magnitude of expected flow 

rates from the subject well, the radial flow equation for incomprezsilils 

fluids in porous media under steady state conditions was evaluated 

as follows: 

where : 

q = calculated flow rate in bblslday 

k = permeability - darcies 
h = net sand thickness - feet 

Eaton industries of Houston, Inc. 
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q 

k 

h 

P 

P 
B 

r 

calculated flow rate in bblslday 

permeability - darcies 

net sand thickness - feet 

pressure drawdown at sand face - psi 

viscosity - centipoise 
formation volume factor - dimensionless 

e = outer radius - feet 

rw = well bore radius - feet 

The radial flow equation was evaluated with the following parameter 

values which were based on log data and known geological and engineer- 

ing data. The following numbers are very conservative. 

Assume : 

k = 50 md = 

h = 35 feet 

p = 2340 psi 

/u = .30 cp 

B = 1.0 

r e = 8,158 

r =  .3 feet W 

.05 darcy 

Then: 

q = 9,096 bbls/day 

11. Sand "B" - Altsmate Target ( 1 6 , 4 6 2 '  - 16,490') 
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p = pressure drawdown at sand face - psi 
p = viscosity - centipoise 
B = formation volume factor - dimensionless 

re = outer radius - feet 

r = well bore radius - feet W 

The radial flow equation was evaluated with the following parameter 

values which were based on log data and known geological and 

engineering data. The following numbers are very conservative. 

Assume : 

k = 50 md = .05 darcy 

h = 23 feet 

p = 2350 psi 

,u -30 cp 

B = 1.0 

r e = 8,158 

= .3 feet W 

Then: 

q = 5,978 bblslday 

4.5 

The predicted reservoir characteristics of the target sand for the salt 

water disposal well are based on the analysis of the Martin Exploration 

Co. (Shell) #l Crown Zellerbach l o g s .  

Reservoir Characteristics of  the Disposal Well 
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Sand Thickness:  

Gross and n e t  sand th i ckness  of t h e  t a r g e t  i n t e r v a l  (4800' - 

4900')  i s  100 f e e t  (F igu re  4-13). 

P o r o s i t y :  

Ca lcu la t ed  p o r o s i t y  from t h e  SP/Induct ion l o g ,  i s  33%.  

P r e s s u r e  : 

The average p r e s s u r e  i n  t h e  t a r g e t  sand i s  e s t ima ted  t o  be 2279 

p s i .  This  p r e s s u r e  was based on a g r a d i e n t  of approximately 

0.465 p s i / f t ,  and a r e s e r v o i r  depth of 4900 f e e t .  

Temperature : 

The average sand temperature  i s  e s t ima ted  t o  be 133  F based on a 

c o r r e c t e d  temperature  of 225'F a t  14 ,174 ' .  

S a l i n i t v  : 

0 

S a l i n i t y  i s  approximately 110,000 ppm based on c a l c u l a t i o n s  de r ived  

from t h e  SP log .  
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5.0 MANAGEMENT PLAN 

This o p e r a t i o n  w i l l  be  completely under t h e  c o n t r o l  of Eaton Opera t ing  

Company, Inc .  personnel  who w i l l  be r e spons ib l e  f o r  d i r e c t i o n  and coorina-  

t i o n  of a l l  subcon t rac to r  func t ions .  Each s e c t i o n  w i l l  r e p o r t  d i r e c t l y  t o  

M r .  D. A. Langford. The Management and Organiza t ion  Chart  i s  shown on Fig- 

u re  5-1 which i s  followed by a d e s c r i p t i o n  of each p o s i t i o n ' s  respons i -  

b i l i t i e s  and a u t h o r i t y .  

Two competent,  exper ienced  r i g  supe rv i so r s  and one exper ienced  mud eng inee r  

w i l l  be  ass igned  t o  t h e  re -en t ry ,  c l ean  ou t  and completion ope ra t ions  under 

the  d i r e c t  supe rv i s ion  of M r .  J. E .  Evans. A c o s t  accountant  p rope r ty  

manager, under t h e  d i r e c t  supe rv i s ion  of M r .  B i l l  Rose, w i l l  be on l o c a t i o n  

f u l l  t i m e  through r i g  up, r e -en t ry ,  complet ion,  t e s t i n g  and subsequent  

c l e a n  up.  Quar t e r s  f o r  t h e s e  pe r sonne l  w i l l  be  l o c a t e d  a t  t h e  r i g  s i t e .  

Tes t ing  o p e r a t i o n s  w i l l  be d i r e c t e d  and coord ina ted  by M r .  R. 2. Klauzinski .  

H e  w i l l  be r e spons ib l e  f o r  eng inee r ing ,  r e p o r t i n g ,  t e c h n i c a l  conferences 

and t e c h n i c a l  pape r s .  

Es t imated  d a i l y  and cumulat ive expend i tu re s  w i l l  be inc luded  i n  the  d a i l y  

zepor t .  Our f inance  and c o s t  account ing  group d i r e c t e d  by M r .  G. E. Frey 

wi th  t h e  a s s i s t a n c e  of  M r ,  B i l l  Rose, w i l l  r e p o r t  a c t u a l  i ncu r red  c o s t s  

a g a i n s t  e s t ima ted  t o  M r .  D.  A.  Langford on a weekly b a s i s .  

The fo l lowing  pages s e t  o u t  Ea ton ' s  c h a r t  of accounts  and a l s o  Eaton ' s  

planned method of c o s t  c o n t r o l  and weekly c o s t  e v a l u a t i o n .  

Eaton Industries of Houston, Inc. 
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MANAGEMENT AND ORGANIZATION PLAN 

TESTING OPERATIONS 

PROJECT MANAGER (B. A.  EATON) 

Overall a d m i n i s t r a t i v e  and t e c h n i c a l  r e s p o n s i b i l i t y  and a u t h o r i t y  of t h e  

Wells of Opportuni ty  Program, i . e .  development of p o l i c i e s  and procedures ,  

coo rd ina t ion  of p r o j e c t  a c t i v i t i e s ,  s t a f f  supe rv i s ion ,  moni tor ing  a c t i v i t i e s  

o f  c o n t r a c t  o r g a n i z a t i o n  t o  ensure  proper  c o s t  c o n t r o l  and o r g a n i z a t i o n  and 

p r e s e n t a t i o n  of  p rogres s  r e p o r t s  and b r i e f i n g s .  

DEPUTY PROJECT MANAGER (D. A. LANGFORD) 

Replace P r o j e c t  Manager i n  h i s  absence supe rv i se  performance o f  engineer -  

i n g ,  f i e l d  ope ra t ions  and procurement managers. Responsible  f o r  d i scuss ions  

and n e g o t i a t i o n s  wi th  o p e r a t o r / l e a s e h o l d e r ,  o b t a i n  p re l imina ry  agreements 

f o r  candida te  w e l l s  and oversee  p r e p a r a t i o n  o f  a l l  phases of r e p o r t s  and 

b r i e f i n g s  ( o t h e r  than geo log ic ) .  

CHIEF PETROLEUM ENGINEER (R. Z .  KLAUZINSKI)  

Responsible  €or  eng inee r ing ,  r e p o r t i n g ,  t e c h n i c a l  conferences and t e c h n i c a l  

papers .  

ENGINEERING MANAGER (D. W. GARRETT) 

Responsible  f o r  d r i l l i n g ,  completion and s u r f a c e  f a c i l i t i e s  eng inee r ing ,  

supe rv i se  review of candida te  w e l l  c o n d i t i o n s ,  supe rv i se  program schedules  

and c o s t  e s t i m a t e s  p r e p a r a t i o n ,  coord ina te  a c t i v i t i e s  of subcon t rac to r  and 

supe rv i se  t e s t  program, d a t a  c o l l e c t i o n  and r e p o r t i n g  by ass igned  subcon- 

t r a c t o r  o r  consu l t an t .  
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ENGINEERING ASSISTANT ( R .  MALAGON) 

Assist Engineer ing Manager i n  des ign  and hook up of t e s t  equipment and on- 

s i t e  s u p e r v i s i o n  of t e s t  program. 

R I G  OPERATIONS (J. E .  EVANS) 

Supervis ion of w e l l  completion f o r  product ion t e s t  and d r i l l i n g  and com- 

p l e t i o n  of  d i s p o s a l  w e l l s .  

and d r i l l i n g  o p e r a t i o n s .  

Supe rv i s ion  o f  f i e l d  s u p e r v i s o r s  on completions 

F I E L D  SUPERVTSORS 

On-site r i g  s u p e r v i s i o n  on re-entry,  c l e a n  o u t )  completions and d i s p o s a l  

w e l l  d r i l l i n g  and completion. 

GEOLOGICAL MANAGER ( K I M  PETERSON) 

Supervis ion of g e o l o g i s t s  monitor ing candicLte we Is, mapping a r e a s  o 

i n t e r e s t ,  d i s c u s s i o n  of p l ans  wi th  o p e r a t o r / l e a s e h o l d e r ,  supe rv i se  pre- 

e v a l u a t i o n  and s u b m i t t a l  of p re l imina ry  r e q u e s t  f o r  approval f o r  cand ida te  

w e l l s  and a s s i s t  i n  f i n a l  e v a l u a t i o n  and p l an  t o  D . O . E .  f o r  approval .  

GEOLOGIST - LOUISIANA (MEG DILLAHUNTY) 

Monitor p rogres s  o f  cand ida te  w e l l s  i n  Lou i s i ana ,  map a r e a s  o f  i n t e r e s t ,  

determine i f  w e l l s  a r e  s u i t a b l e  f o r  e v a l u a t i o n )  pre-evaluat ion work and 

p r e p a r a t i o n  of recommendation t o  D . O . E .  

GEOLOGIST - TEXAS (DOUG WOLTERS) 

Monitor progress  of cand ida te  w e l l s  i n  Texas, map a r e a s  o f  i n t e r e s t ,  

determine i f  wel l s  a r e  s u i t a b l e  f o r  e v a l u a t i o n ,  pre-evaluat ion work and 

p r e p a r a t i o n  o f  recommendation t o  D . O . E .  
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MANAGER INDUSTRY RELATIONS (DOUG GRAHAM) 

Superv i s ion  of a l l  information and r e p o r t s  p e r t a i n i n g  t o  cand ida te  w e  

monthly p rogres s  and annual summations f o r  s u b m i t t a l  t o  D . O . E .  Supervis ion 

of  i n i t i a l  and follow-up c o n t a c t s  w i th  o p e r a t o r s  and landowners and a s s i s t  

s ,  

i n  agreement n e g o t i a t i o n s  f o r  both p a r t i e s .  

FINANCE AND COST ACCOUNTING ( G .  E .  FREY) 

Overa l l  r e s p o n s i b i l i t y  f o r  account ing,  f i n a n c e ,  purch 

p l i a n c e  and a d m i n i s t r a t i v e .  

s i n g ,  cont t com- 

PURCHASING MANAGER CONTROL (W. E ,  I ROSE) 

D i r e c t s  a l l  purchasing,  s u b c o n t r a c t i n g  and m a t e r i a l  c o n t r o l  a c t i v i t y  consis-  

t e n t  w i th  approved purchasing and inven to ry  c o n t r o l  procedures .  

v i s e s  t h e  p r e p a r a t i o n  o f  RFP and RFQ's, e v a l u a t i o n  of b i d s  and award of 

c o n t r a c t s  and purchase o r d e r s .  A d d i t i o n a l l y ,  he w i l l  monitor and r e p o r t  

on his e f f o r t  t o  implement the  flow-down p r o v i s i o n s  of t he  c o n t r a c t  t o  the  

s u b c o n t r a c t o r  and vendors.  

He super- 

COST ACCOUNTING 

Responsible f o r  p r e p a r a t i o n  of e s t i m a t e  for each w e l l ,  a s  w e l l  as r e p o r t i n g  

a c t u a l  expend i tu re s  ar,d v a r i a n c e  on each w e l l .  

RESERVOIR ENGINEER (DON CLARK) 

Analyze flow t e s t  r e s u l t s  and r e s e r v o i r  performance and a s s i s t  i n  product ion 

t e s t  and r e p o r t i n g .  
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RESERVOIR ENGINEER (DANIEL AIQANUMOH) 

Assist Don Clark i n  ana lyz ing  r e s e r v o i r  performance, f low t e s t  r e s u l t s  and 

r e p o r t  w r i t i n g .  

candida te  w e l l s  and p re l imina ry  r e p o r t s  and recommendations. 

Assist EOC g e o l o g i s t s  i n  monitor ing and e v a l u a t i o n  of  

DIRECTOR I G T  (PHIL RANDOLPH) 

Overa l l  supe rv i s ion  of  IGT personnel  and ope ra t ions .  

WEATHERLY ENGINEERING TESTING ( A .  . MORALES) 

Superv is ion  of product ion  equipment hook up and equipment ope ra t ion  and 

d a t a  ga the r ing  personnel .  

RESERVOIR DATA, I N C .  WIRELINE OPERATION (TAB FOSTER) 

Superv is ion  of  w i r e l i n e  equipment and o p e r a t i n g  personnel .  

CHEMICAL TREATING (J. MATSON, M.  THOMSON) 

Monitoring o f  s c a l e  and co r ros ion  i n h i b i t o r  requi rements .  
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Accounting 
Code 

02 . 

09 

10 

1 1  

12 

13 

. 14 
1 5  

16 

17 
18 

19 

20 

2 1  

24 

__. Item - 
F i e l d  Labor 

Site 

D r i l l i n g  

Tangible  

Expendables 

Cementing 

P e r f ,  Acid 

Equip. d Tool Rent 

Contract  S e n r .  

F r e i g h t  h Trans. 

Other  

Insurance 

Consul cants  

Lnnd Us0 

T e s t i n g  

TOTAL 

. .  

TABLE 5-1 
WEEKLY COST R E P O R T  REPOBT NO.- 

MAKTLN - CROWN ZELLEKBACH WELL NO. 2 

Original Spent As Of 
Es timace (Date)  

$ 106,000 

269,000 

421,000 

741,000 

346,000 

117,000 

130,000 

131,000 

141,000 

93,000 

52,000 

33,000 

11,000 

193,000 

617,000 

3,401,000 

To B e  Spent 
' 

A f t e r  (Date)  Over (Unde r) 
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EATON OPERATING COMPANY, INC. 
OPERATING COST CODES 

Engineering & Management Labor 
Home Office Labor directly associated with project. 

Field Labor 
Drilling Engineers, Drilling Suptn., Mud Engineers, 
and Dispatchers working on project in the field. 

Payroll Burden 
All taxes, insurance and frinae benefits in which 
calculation based on labor cost on project. 

Travel 
Air travel, car rentals, mileage reimbursement, 
meals, lodging and per.diem compensation. 

Automobile Expense 
Auto lease, gasoline, oil, tires, maintenance. 
repairs, insurance, licenses and auto allowance. 

Communications Expense 
Internal telephone, in-house telecopier, telex, etc. 

Office Copying 
Charge for Xerox rental and copies prepared by office 
employees. 

Outside Reproduction 
Charges for reproduction of documents or special 
printing of forms or photocopy of charts, graphs, 
maps, etc. 

Site Preparation 
Includes all clearing of road and access cost, road 
materials including board road material, maintenance 
of site including equipment and labor for site work. 
Clean up cost and land owner settlement in lieu of 
clean up. 

Drilling Expense 
Rig mobilization, day rate billing, stand-by o r  force 
majeure and demobilization. 

Tangible Cost 
Casing, tubing, well-head equipment, packers, tublar 
nipples, tie back sleeves and related repairs to this 
equipment. 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. DOE CONTRACT NO 

DE-ACOD-80ET-2708 1 3100 Edloe 
Houston. Texas 77027 

(713) 627-9764 
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Operating Cost Codes Continued - 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Expendables 
Water, fuel, mud and chemicals, bits and reamers, 
corrosive inhibitors. 

Cement ing 
Cement pumping, mileage, labor and stand-by costs, 
cementing shoes, centralizers and all related costs. 

Perforating, Acidizing, 6 Treating (completion of wel l )  
Completion operations such as inside casing .logging, 
coring service, testing, acidizing and fracturing, etc. 

Equipment and Tool Rental 
Includes - surface equipment, downhole drilling 
equipment, completion equipment. 

Contract Services 
Includes drive pipe, conductor casing, surface casing, 
intermediate casing, production casing, liner casing, 
mud logger tubing make up and wireline work. 

Freight & Transportation 
Cost of moving various materials to and from the site - 
right of way permits, overage load charges, tools for road 
bridges and tunnels - (Flobilization and demobilization 
of the rigs should be charged to drilling) 

I_____ 

Other 
Includes utilities, infield living quarters, trailer 
house, etc., and other miscellaneous direct costs. 

Ins u r ô  ‘IC e 
General Liability, well control and l o s s  of revenue 
insurance directly related to a specific well. 

-- 

Legal Fees & Consultant Costs 
Cost of consultants charges including expenses. Retaicer 
fee also included for consultants involved in project - 
legal fees directly associated with and performed on 
project. 

Land Use and Owners Equity 
Lease and bonus payment to land owners for lease option 
and payment t o  operator for equipment left on the well. 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

Houston. Texas 77027 
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Operating Cost Codes Continued - 

22 

23 

24 

Office'supplies 
Supplies needed for office, such as books ,  etc. 

Rent Expense 
Monthly rental at 3100 Edloe 

Testing 
Includes surface equipment and pressure vessels, pipe, 
fittings, wireline service for testing, labor f o r  
hooking up permanent materials, sub-contract cost for 
collecting,sampling and analysis work.  

I 
Eaton Industries of Houston, Inc. 
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6.0 DELIVERABLES 

Eaton w i l l  p rovide  dai-y p rogres s  r e p o r t s  by t e l e c o p i e r  t o  D.O. 

i n  Washington, Las Vegas , and Houston. 

. o f f i c e s  

Eaton bus iness  o f f i c e  w i l l  p rovide  weekly,  bi-weekly, and monthly manpower 

and f i n a n c i a l  r e p o r t s .  

Eaton w i l l  p r epa re  monthly t e c h n i c a l  r e p o r t s  which w i l l  p rovide  pre l iminary  

i n t e r p r e t i v e  d a t a .  

Eaton personnel  w i l l  d e l i v e r  t a l k s  o r  papers  t o  i n d u s t r y  o r  t e c h n i c a l  

ga the r ings  as a p p r o p r i a t e .  

Eaton personnel  w i l l  i n t e r f a c e  wi th  s t a t e  and f e d e r a l  agencies  o t h e r  than 

D.O.E., i n c l u d i n g  bu t  n o t  l i m i t e d  t o  t h e  Environmental  P r o t e c t i o n  Agency, 

Louis iana  S t a t e  Un ive r s i ty ,  Louis iana  Department of Na tu ra l  Resources ,  and 

t h e  Bureau o f  Economic Geology a t  The Un ive r s i ty  of  Texas. 

Eaton w i l l  f u r n i s h  a f i n a l  r e p o r t  summarizing a l l  w e l l  and t e s t  a c t i v i t y  

and g iv ing  results of a l l  eng inee r ing  c a l c u l a t i o n s  on f l u i d  f l o w ,  chemica l  

and p h y s i c a l  composi t ion,  f l u i d s ,  r e s e r v o i r  behav io r ,  r e s e r v o i r  boundar ies ,  

and a l l  o t h e r  chemical o r  p h y s i c a l  d a t a .  
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7.0 LOCATION AND FACILITIES 

7 . 1  S i t e  Layout 

The p r e s e n t  s i t e  l ayou t  i s  i l l u s t r a t e d  on Figure  7-1. The l o c a t i o n  i s  

adequate ly  covered wi th  boards and a reserve p i t  i s  l o c a t e d  a s  shown. A 

dra inage  d i t c h  sur rounding  the  l o c a t i o n  w i l l  t r a p  was te  o i l  and g rease  

s p i l l a g e  which w i l l  then be  disposed of s o  t h a t  no o i l  s p i l l  w i l l  con- 

tamina te  t h e  a rea .  

7 . 2  Living  Quar t e r s  

Air-condi t ioned l i v i n g  f a c i l i t i e s  w i l l  be provided f o r  s i x  i n d i v i d u a l s .  

This  w i l l  be  i n  a d d i t i o n  t o  r i g  c o n t r a c t o r ' s  l i v i n g  f a c i l i t i e s .  The 

q u a r t e r s  w i l l  remain on l o c a t i o n  a s  long  a s  necessary  and w i l l  con ta in  t h e  

communications equipment.  

7 . 3  Water Supply 

A water w e l l  w i l l  n o t  be necessary  a t  t h i s  l o c a t i o n .  A l l  wa te r  used f o r  

complet ion,  d r i l l i n g  and d r ink ing  w i l l  be piped i n  from the  Crown Zel le rbach  

p l a n t  which is about one-half of a m i l e  f r o m  the site. The water  i s  p a r t  

of t h e  community f r e s h  water  system. 

7.4  Communications and Power 

A te lephone l i n e  ex tends  up t o  t h e  edge of t h e  l o c a t i o n  and a te lephone  wi th  

appropr i a t e  ex tens ion  phones w i l l  be i n s t a l l e d  i n  a l l  l i v i n g  f a c i l i t i e s .  

During d r i l l i n g  and comple t ions ,  t h e  r i g  should  have an adequate  110-volt  

power system t o  meet a l l  a n t i c i p a t e d  requi rements .  During t h e  t e s t i n g  
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XOWN ZELIEZBAZH WELL NO. 2 LOCATION LAYOUT 
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o p e r a t i o n s ,  a power l i n e  w i l l  be extended t o  b r i n g  e l e c t r i c  power from a 

nearby commercial sou rce .  Renta l  gene ra to r s  w i l l  be used, i f  necessa ry .  

7 . 5  S i t e  Cleanup and Res to ra t ion  

A t  t h e  t e rmina t ion  of the t e s t ,  a l l  t e s t  equipment w i l l  be removed. A 

workover r i g  w i l l  be moved i n  t o  sa lvage  the  t u b u l a r s  and t o  plug and 

abandon the  t es t  w e l l  and t h e  d i s p o s a l  w e l l  i n  accordance wi th  the r u l e s  

of t h e  Louis iana  O f f i c e  of Conservation. The workover r i g  w i l l  then be 

r e l eased .  The r e s e r v e  p i t  w i l l  be f i l l e d  i n ,  t h e  boards removed and the  

s i t e  r e s t o r e d  t o  t h e  s a t i s f a c t i o n  of a l l  concerned p a r t i e s .  
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8.0  RE-ENTRY AND COMPLETION OPERATIONS - TEST WELL 

8 . 1  Rig S e l e c t i o n  

The c o n t r a c t o r  t o  be s e i e c t e d  f o r  t h e  proposed r e -en t ry  and completion 

work w i l l  be  chosen on t h e  b a s i s  o f  expe r i ence ,  equipment, compe t i t i ve  

p r i c e  and a v a i l a b i l i t y .  Considerat ion of t h e  a b i l i t y  t o  supply a r i g  

t o  m e e t  t h e  s p e c i f i e d  requirements  and t o  f u r n i s h  q u a l i f i e d  personnel  

w i l l  be a primary f a c t o r  i n  t h e  s e l e c t i o n .  

i n s p e c t e d  and a review o f  i t s  p a s t  performance w i l l  be made by EOC b e f o r e  

f i n a l i z i n g  a c o n t r a c t .  

Each a v a i l a b l e  r i g  w i l l  be  

The minimum requirements  f o r  t h e  r i g  w i l l  be as desc r ibed  below: 

A. De r r i ck  Hookload Capaci ty:  700,000 l b s .  

B .  Power Ava i l ab le  For Drawworks: 1 ,100  HP 

C .  Main P u m p s :  One 1,000 HP Mud P u m p  and One 800 HP Nud Pump 

D .  Rotary: 20-112 Inches 

E .  S u b s t r u c t u r e  Height:  1 9  Fee t  

F.  D r i l l  Pipe: 10 ,000 '  of 4-1/2" 16.6BIFt. Grade E 

Other d r i l l  pipe w i l l  have t o  be r en ted .  

G .  Mud System: 500 B a r r e l  c a p a c i t y  w i t h  s t e e l  tanks,  mud mixing 

pumps and a g i t a t o r s .  

H. Blowout P reven to r  (BOP)  Svstem: 

1. Two Ram Type 5,000 PSI WP w i t h  Extra Rams  

2 .  One Bag Type 5,000 P S I  WP wi th  E x t r a  Bag 

3 .  K i l l  Manifold w i t h  Power Operated Choke and Ad jus t ab le  Choke 
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4.  BOP Closing Unit  w i th  a b i l i t y  t o  c l o s e  i n  15 seconds.  

S u f f i c i e n t  capac i ty  must be a v a i l a b l e  t o  c l o s e ,  open, and 

c l o s e  again BOP and one ram BOP. 

5 .  Two S t a t i o n  Closure f o r  BOPS.  

Note: A l l  BOP equipment must be s u i t a b l e  f o r  H S s e r v i c e .  

E x t r a  rams and e x t r a  bag would be r en ted .  

2 

I. Accessor ies :  

1. One a i r  condi t ioned  bunk house.  

2 .  Two d i e s e l  e l e c t r i c  gene ra to r s .  

3. Two lower k e l l y  cock s a f e t y  va lves  and one i n s i d e  blowout 

p reven te r  s a f e t y  va lve .  These i t e m s  may have t o  be r en ted .  

Any o t h e r  i t e m s  EOC may cons ide r  necessa ry  f o r  a complete 

r i g .  

4 .  

8.2 D r i l l i n g  and Workover F lu ids  

This  w e l l  was d r i l l e d  us ing  a 13.8 ppg o i l  based mud. A wate r  based 10.0 

ppg mud w i l l  be  used u n t i l  the  top  of t h e  cement p lug  a t  14,000'  i s  reached.  

The mud w i l l  then be d i sp laced  by a 13.8 ppg o i l  based mud. 

mud w i l l  be  s t o r e d  on l o c a t i o n  when i t  i s  n o t  i n  use.  

The o i l  based 

The fo l lowing  d i scuss ion  w i l l  e x p l a i n  why an o i l  based mud i s  recommended 

on t h i s  w e l l .  

Both t h e  hydrogen and s u l f i d e  components of hydrogen s u l f i d e  a r e  in s t rumen ta l  

i n  b r ing ing  about t he  sudden and sometimes s p e c t a c u l a r  f a i l u r e s  i n  the  d r i l l .  
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s t r i n g  t h a t  are a t t r i b u t e d  t o  t h i s  contaminant.  Hydrogen s u l f i d e  may e n t e r  

t h e  mud system from formation of f l u i d s  t h a t  con ta in  H2S, from b a c t e r i a l  

a c t i o n  on s u l f u r  compounds commonly p r e s e n t  i n  t h e  d r i l l i n g  mud, from 

thermal deg rada t ion  of s u l f u r  con ta in ing  d r i l l i n g  f l u i d  a d d i t i v e s  (such 

a s  l i g n o s u l f o n a t e s ) ,  o r  from chemical r e a c t i o n s  wi th  t o o l  j o i n t  t h read  

l u b r i c a n t s  t h a t  con ta in  s u l f u r .  Hydrogen may be genera ted  i n  d r i l l i n g  

f l u i d s  by t h e  co r ros ion  process ,  by b a c t e r i a l  a c t i o n ,  and by thermal  de- 

g rada t ion  of  o rgan ic  a d d i t i v e s .  

I n  t h e  absence of  s u l f i d e ,  hydrogen c o l l e c t s  on the  p ipe  s u r f a c e  as a f i l m  

of  atomic hydrogen which qu ick ly  combines wi th  i t s e l f  t o  form molecular  

hydrogen gas  (H2). The hydrogen gas  molecule i s  too  l a r g e  t o  e n t e r  t h e  

s t ee l  and t h e r e f o r e  u s u a l l y  bubbles  o f f  harmless ly .  Under normal c o n d i t i o n s ,  

on ly  a s m a l l  amount of hydrogen e n t e r s  s t e e l  and seldom causes  t r o u b l e .  

I n  t h e  presence  of s u l f i d e ,  however, t h e  hydrogen g r a d i e n t  i n t o  s t e e l  i s  

g r e a t l y  inc reased  and c a t a s t r o p h i c  damage o f t e n  r e s u l t s  from hydrogen 

embr i t t l ement .  

atoms work t o g e t h e r  t o  maximize t h e  number of hydrogen atoms t h a t  e n t e r  

t h e  s tee l .  

The s u l f i d e  and t h e  h i g h e r  concen t r a t ion  of hydrogen 

Once i n  s tee l ,  hydrogen tends  t o  concen t r a t e  i n  a r e a s  of maximum s t ress .  

When hydrogen causes  smal l  c racks  t h a t  l ead  t o  sudden b r i t t l e  f a i l u r e ,  

t he  f a i l u r e  is  c a l l e d  hydrogen embr i t t l ement ,  hydrogen s t r e s s  c rack ing ,  o r  

hydrogen-induced delayed b r i t t l e  f a i l u r e .  When s u l f i d e  i s  p r e s e n t  t h e  

f a i l u r e  mode i s  u s u a l l y  c a l l e d  s u l f i d e  s t ress  cracking .  The presence  
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of atomic hydrogen i n  s t e e l  reduces t h e  d u c t i l i t y  of t he  s t e e l  and causes  

i t  t o  break  i n  a b r i t t l e  manner. Hydrogen may a l s o  accumulate a s  molecu la r -  

hydrogen a t  i n t e r n a l  d i s c o n t i n u i t i e s  o r  vo ids ,  c r e a t i n g  b l i s t e r s  o r  f i s s u r e s  

t h a t  lower t h e  s t r e n g t h  of t h e  s t e e l .  

R e l a t i v e l y  s o f t  s teels  wi th  low-yield s t r e n g t h s  a r e  g e n e r a l l y  r e s i s t a n t  t o  

s u l f i d e  s t ress  cracking .  These l i m i t s  may be extended s l i g h t l y  by s p e c i a l  

t rea tment  of t h e  s t e e l ,  b u t  n e v e r t h e l e s s  a s  s t e e l  s t r e n g t h  i s  inc reased ,  

t h e  c r i t i c a l  s t ress  and t ime- to- fa i lure  both decrease .  

The amount of  a tomic hydrogen r equ i r ed  t o  i n i t i a t e  s u l f i d e  s t ress  c rack ing  

appears  t o  be smal l ,  p o s s i b l y  as l o w  a s  1 ppm. But s u f f i c i e n t  hydrogen 

must be a v a i l a b l e  t o  e s t a b l i s h  a d i f f u s i o n  g r a d i e n t  o r  d r i v i n g  f o r c e  i n  

o r d e r  t o  produce t h e  c r i t i c a l  concen t r a t ions  r equ i r ed  t o  i n i t i a t e  and 

propagate  a c rack .  A s  more hydrogen i s  genera ted  from cor ros ion  p rocesses ,  

b a c t e r i a l  a c t i o n  and/or  thermal  degrada t ion ,  accumulat ion of hydrogen i n  

maximum s t ress  a r e a s  occurs .  Large amounts of s u l f i d e  i n c r e a s e  the  amount 

of  atomic hydrogen p r e s e n t ,  thus  i n c r e a s i n g  t h e  fo rce  t h a t  d r i v e s  t h e  

hydrogen into t h e  steel. 

The amount of atomic hydrogen and t h e  l eng th  o f  t i m e  i t  e x i s t s  i n  t h a t  s t a t e  

i n c r e a s e s  wi th  s u l f i d e  concen t r a t ion .  

f a i l u r e  t i m e  i s  shor t ened ,  and t h e  s t r e n g t h  level a t  which c racking  occurs  

d e c l i n e s .  Laboratory tes t s  show t h a t  H2S concen t r a t ions  a s  l o w  a s  1-3 ppm 

w i l l  u l t i m a t e l y  produce c racking  i n  h i g h l y  s t r e s s e d  h igh-s t rength  s t e e l s .  

Hence wi th  h igh  s u l f i d e  concen t r a t ion ,  
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Hydrogen gene ra t ion  depends on t h e  pH environment.  

hydrogen a v a i l a b i l i t y .  At: a l l  pH va lues  of  less than  6 o r  7 ,  t i m e  t o  

f a i l u r e  i n  t h e  presence of H2S i s  u s u a l l y  l e s s  than  an hour .  A s  pH 

i n c r e a s e s  t o  8 and h i g h e r ,  t ime- to- fa i lure  i n c r e a s e s  r a p i d l y  t o  100 hours  

and more. 

Low pH va lues  i n c r e a s e  

Corrosion p i t s ,  tong marks, no tches  and o t h e r  d e f e c t s  r a i s e  t h e  s t ress  i n  

l o c a l  a r e a s ,  thereby  a c c e l e r a t i n g  hydrogen d i f f u s i o n  and shor t en ing  time- 

t o - f a i l u r e .  When s t e e l  i s  cold-worked, r e s i d u a l  stresses develop which 

may add t o  working s t r e s s e s  and s h o r t e n  t ime- to- fa i lure .  

The ra te  o f  c o r r o s i o n  i n c r e a s e s  wi th  tempera ture ,  bu t  s u s c e p t i b i l i t y  t o  

c racking  may dec rease  a t  t empera tures  above 150 F. U n t i l  a s t ee l  conta in-  

i n g  hydrogen a c t u a l l y  c r a c k s ,  t h e r e  i s  no permanent damage. I n  many c a s e s ,  

t h e  hydrogen can be baked ou t  by s u i t a b l e  h e a t  t rea tment  and t h e  o r i g i n a l  

p r o p e r t i e s  of  t h e  s t e e l  r e s t o r e d .  

0 

It w i l l  be apparent  from t h e  preceding  d i scuss ion  t h a t  t h e  handl ing  and 

meta l lurgy  of t h e  d r i l l  s t r i n g  a r e  fundamental f a c t o r s  i n  combating damage 

from H2S. 

dangerous contaminant through d r i l l i n g  f l u i d s  technology.  Dependable 

p r o t e c t i o n  of  t he  d r i l l  s t r i n g  from damage by H2S can be obta ined  through 

t h e  use of a p rope r ly  formulated and condi t ioned  o i l  mud. 

8.3 Tubular Goods and Cementing Design 

Figure  8-1 on Page 64 i s  a schematic  of  t he  w e l l  i n  i t s  p r e s e n t  cond i t ion .  

There a r e  approximately 600 f e e t  o f  cement plugs and two cement r e t a i n e r s  

i n  t h e  w e l l .  

Much can a l s o  be done to a l l e v i a t e  t h e  hazards  c r e a t e d  by t h i s  
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MARTIN- CROWN ZELLERBACH W E L L  NO. 2 
A L L  PIPE 

7 
1 

.OW GROUND 

-CEMENT PLUG FROM SURFACE TO 148' 

- 3 0 " P l P E  AT 77' 

L 20'' CONDUCTOR CASING AT 3 0 9 '  

-,ESTIMATED TOP OF CEMENT AT 3 4 3 8 '  

h-13 3/8" SURFACE CASING AT 3 4 8 6 '  

E Z S V  CEMENT RETAINER A T  3 5 8 6 '  

--10.8 PPG WATER B A S E D  MUD 

- ESTIMATED TOP O F  CEMENT AT 13,836 8 

E Z S V  CEMENT RETAINER AT 13 ,912 '  

- 9 W 8 "  INTERMEDIATE CASING A T  14,103' 

13 .8  PPG OIL BASED MUD I N  OPEN H O L E  

_i T O T A L  D E P T H  A T  17,000' 

PRESENT CONDITION 

FIGURE 8-1 
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Figure 8-2 i s  a schematic  of t h e  proposed completion of t h e  w e l l  f o r  t e s t i n g .  

Once t h e  wel l  i s  cleaned o u t ,  7 inch O . D .  product ion c a s i n g  w i l l  be 

run t o  t o t a l  depth of 17 ,000  f e e t .  The product ion c a s i n g  w i l l  be  cemented 

t o  provide a t  l eas t  1 ,000  f e e t  o f  cement mixture  above t h e  bottom of the  

9-5/8 inch in t e rmed ia t e  cas ing  t o  i n s u r e  a sea l .  

Annular flow o f  f l u i d s  i s  planned f o r  t h i s  t e s t  s o  t h a t  t h e  w i r e l i n e  t o o l s  

w i l l  n o t  be exposed t o  tu rbu lence ,  s c a l i n g  and excess ive  co r ros ion .  

i l l u s t r a t i o n s  o f  t h e  cas ing  design curves.  

During t e s t i n g ,  t he  temperature i n c r e a s e  of t he  7 ineh cas ing  w i l l  

r e s u l t  i n  an i n c r e a s e  i n  length o f  about 10 9 '  and a r educ t ion  i n  the  

wel lhead weight load o f  252 ,600  pounds. This temperature e f f e c t  can be 

n e u t r a l i z e d  by p u l l i n g  a d d i t i o n a l  weight  on the cas ing  a f t e r  t h e  cement 

h a s  been allowed t o  s e t .  

The designs f o r  a l l  t u b u l a r  goods used i n  completing t h i s  w e l l  are based 

on the  "maximum load'' concept widely used i n  the  o i l  and gas i n d u s t r y .  

The buoyancy o f  t h e  mud a t  t he  t i m e  o f  c a s i n g  s e t t i n g  i s  inco rpora t ed  i n t o  

the  t e n s i o n  des ign  c r i t e r i a .  Figures  8-3, 8-4, and 8-5 a r e  g r a p h i c a l  
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M A R T I N  - C R O W N  2 E L L E R B A C H  WELL NO. 2 

1- 2 0 "  CONDUCTOR CASING AT 309 '  

-13 3A" SURFACE CASING AT 3 4 8 6 '  

- 2  3B" 5 . 9 s  # / F T  C-75 EUE 8 R O  TUBING 

- 9  5 / 8 '  INTERMEDIATE CASING AT 14,109' 

- BOTTOM OF TUBING AT 16,360 '  

-TEST PERFS. FOR SECOND TEST 16,462 - 1 6 , 4 9 0 '  

- TEST P E R F S .  FOR 

CASING A - 
FIRST TEST 16,718'- 16,754'  

17,000' 

P R O P O S E D  COMPLETION FOR TESTING 

FIGURE 8-2 
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temperature  c a l c u l a t i o n s  are shown below. 

Assume s u r f a c e  temperature  i s  70°F. 

Bottom h o l e  temperature  i s  297' a t  1 6 , 7 3 6 ' .  

Assume s u r f a c e  temperature  i s  275O wi th  w e l l  f lowing. 

Assume temperature  o f  uncemented p o r t i o n  of  c a s i n g  b e f o r e  

(297 - 70) I 16,736 x + 70 = 1510 '2,000 

Average temperature  of uncemented p o r t i o n  of c a s i n g  dur ing  

(297 - 275) + 16,736 x 12,000 
+ 275 = 283O 

AT = 283 - 151 = 132' 

Change i n  Length o f  7" Casing Due t o  Temperature 

L t  = LBAT = 12,000 x .0000069 x 132 = 10 .9 '  

Change i n  Wellhead Load Due t o  Temperature 

Average weight  of c a s i n g  above 12,000'  i s :  32ykIFt. 

From equa t ion  on Cox nomograph wel lhead load i s :  

W2 = -59.8 wC;r (-59.8) (32.00)  (132) =-252.595 

Eaton Industries of Houston, Inc. - 

flow 

flow 

8.111 

The temperature  c a l c u l a t i o n s  are shown below. 

Assume s u r f a c e  temperature  i s  70°F. 

Bottom h o l e  temperature  i s  297' a t  1 6 , 7 3 6 ' .  

Assume s u r f a c e  temperature  i s  275O wi th  w e l l  f lowing. 

Assume temperature  o f  uncemented p o r t i o n  of  c a s i n g  b e f o r e  flow i s :  

(297 - 70) I 16,736 x + 70 = 1510 '2,000 

Average temperature  of uncemented p o r t i o n  of c a s i n g  dur ing  flow i s :  

(297 - 275) + 16,736 x 12,000 
+ 275 = 283O 

AT = 283 - 151 = 132' 

Change i n  Length o f  7" Casing Due t o  Temperature 

L t  = LBAT = 12,000 x .0000069 x 132 = 10 .9 '  

Change i n  Wellhead Load Due t o  Temperature 

Average weight  of c a s i n g  above 12,000'  i s :  32ykIFt. 

From equa t ion  on Cox nomograph wel lhead load i s :  

W2 = -59.8 wC;r (-59.8) (32.00)  (132) = -252.595 
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Burst Calculations : 7" Casing 
Assume casing is set in 13.8 PPG mud and 
Assume bottomhole pressure is equal to 12 
pressure = 12,010 - (8.5 x 0 .052  x 16,736 

:asing is full of 8.5 PPG salt water. 
010 PSI at 16,736'. Maximum surface 

= 4613 P S I  

Figure 8-3 
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Collapse C a l c u l a t i o n s :  7" Casing 
Assume cas ing  i s  s e t  i n  13.8 PPG mud and full of  8 . 5  PPG s a l t  water  with no 
s u r f a c e  p re s su re  c o l l a p s e  load a t  16,736 '  = (13 .8  - 8.5) x 0.052 x 16,736'  = 
4,613 P S I  

Figure 8-4 
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Tension Calculations : 7"  Casing 
3ouy anc y Force Hy dr os tat i c Pres sure X Cross Sectional Area. 
A t  16,736 '  BF = 13-.8 x 0.052 x 16,736 x 9.317 = -111,894 
Tension at surface = (32 x 16,736) - 111,894 = 423,6588 

Figure 8-5 

Eaton Industries of Houston, Inc. 
Eaton Operating Co. .  Inc. 

3 ?  00 Edloe 
Uc:s:cn. Texas 77027 

-70- 
I71 3) 627-9764 



The tubing  w i l l  n o t  be s e t  on a packer because t h e  w e l l  w i l l  be flowed 

up t h e  annulus between t h e  cas ing  and t h e  tub ing .  The b u r s t  and c o l l a p s e  

p r e s s u r e  on t h e  tub ing  w i l l ,  t h e r e f o r e ,  n o t  be s i g n i f i c a n t  because p r e s s u r e  

f o r c e s  i n s i d e  and o u t s i d e  t h e  tub ing  w i l l  be e s s e n t i a l l y  t h e  same. The 

t e n s i o n  des ign  curve i s  based on t h e  buoyancy of s a l t  water a s  i l l u s t r a t e d  

on Figure  8-6. 

The product ion  c a s i n g  and tub ing  w i l l  be  exposed t o  H2S and C02 dur ing  

t e s t i n g .  S t r e s s  co r ros ion  c racking  i s  more l i k e l y  t o  occur  i n  t h e  c o o l e r  

a r e a s  of  t h e  w e l l ,  such a s  t h e  upper s e c t i o n  of t h e  w e l l  where the  tempera- 

t u r e  can be less  than  175OF. S t r e s s  co r ros ion  c racking  can be avoided i n  

a reas  where t h e  temperature  i s  less  than 1 7 5 O  through use of r e s i s t a n t  

t u b u l a r  goods. A s t a t i c  tempera ture  p r o f i l e  curve has  been prepared  f o r  

t h i s  w e l l  u s ing  log  temperature  d a t a .  F igure  8-7 i n d i c a t e s  t h a t  

the  s t a t i c  tempera ture  a t  7 ,600 '  i s  1 7 5 O .  A l l  t u b u l a r  goods s e t  above 

7 ,600 '  must be  r e s i s t a n t  t o  s t ress  co r ros ion  c racking .  A s  an a d d i t i o n a l  

s a f e t y  c o n s i d e r a t i o n ,  a l l  o f  t h e  7 inch  cas ing  and 2-318" tub ing  w i l l  be 

s t r e s s  c o r r o s i o n  r e s i s t a n t  t o  prevent  a problem from occur r ing  due t o  

mixing o r  mishandl ing of p ipe .  
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Tension Calculations : 2 318” Tubing 
BouYancY Force = Hydrostatic Pressure x Cross Sectional Area. 
At 1 6 , 6 0 0 ’  BF = 8.5 x 0.052 x 16 ,600  x 1.69 = -12400 L b s .  
Tension at top = (5.95 x 1 6 , 6 0 0 )  - 12,400 = 86,370 L b s .  

F i g u r e  8-6 
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Table 8-1 shows the specifications for the tubular goods installed or 

planned for use in the test well, as well as hole size, auxiliary casing 

equipment, design safety factors and minimum test pressures. 

8.4 Recording Instruments 

The rig will be equipped with the following items. 

A. Pit level recorder. 

B. Mud pump pressure recording gauge. 

C .  Mud pump stroke counter and mud volume totalizer. 

D. Mud return line activity recorder. 

E. Gas detector with alarm. 

F. Rotary table torque indicator. 

G. Tong tubular makeup torque indicator. 

H. H S gas detection equipment as necessary. 2 

8.5 Well Control 

A typical program for hookup, test procedures and maintenance of blowout 

prevention equipment is outlined below. Routine blowout preventer drills 

will be conducted at specified intervals when out of the hole. There will 

also be unscheduled drills to check the reaction time of the crews and to 

keep them alert as to possible blowout conditions. A trip tank will be 

installed and monitored during critical operations. A power operated 

Swaco Super Choke will be installed as a part of the main blowout preventer 

equipment. 
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TABLE 8-1 

TUBULAR GOODS SUMMARY 
PIARTIN-CROWN~~~XEZCCII WELL NO. 2 

C n u  in!: Dcucr  i l l  L i o i i  C i i n i n g  I ) t . ~ i p i  Iznctors O.D.  Dcptli Wciglit M i  11 i m u  m 
D r i f t  ( i n . )  - -  tirade ?Ilread Burs t  Co l l apse  'I'ensl<,n Tubular  S i z e  ( i n . )  From ( F t . )  To ( F t . )  l b s . / F t .  

309 NA NA NA NA Conductor P ipe  20 0 * * * 

0 3,486 6 1  12.359 PIA NA SurCnce Caning 13-318 * * * 

0 14,109 53.5 8.500 NA NA In t e rmed in te  Cas ing  9-518 * * * 
Produc t ion  Cneing 7 L-80 LTCC 1.96 ** 1.56 0 8,000 32 5.969 

8,000 17,000 32 5.969 P-110 ABM ** 2.33 ** 

** 1.57 Tubing 2-318 0 16,360 5.95 1 .173  L-80 UWS ** 

CEMENTING SUMMARY 

0. u. 
Casing -- S i z e  ( i n . )  l lo le  Size ( i n . )  

S u r f a c e  13-318 17-112 2 ,390  Sacks L i t e  cement w i t h  3% s a l t  fo l lowed by 400 sacks  C las s  H cement.  

In te me d i a  t e  9-518 12-114 1 ,500  Sacks 1iTI.D cement w i t h  1.7% h a l a d  22-A, 0 .2% E c o n o l i t e ,  0.25% Kwikseal and 
0.6% HR-5, followed wi th  1,000 sacks  c l a s s  H cement w i th  35% s i l i c a ,  0.75% CFR-2, 
0 .4% halad-22A and 0.3% HR-5. 
w i t h  1.000 sacks  o f  cement. 

Cemented around top  of 9-518" by 13-3/8" annulus  

P roduc t ion  7 8-112 To be cemented from 17,000' K O  12,000 ' .  Cement t o  be de te rmined .  

Note: A l l  p ipe  excep t  7" c a s i n g  w n 8  cemented and t e a t e d  by Mar t in  Exp lo ra t ion .  The 7" c a s i n g  w i l l  be t e s t e d  a t  p r e s s u r e s  much h i g h e r  tlinn 
the  3,120 p s i  r equ i r ed  by the S t a t e  of Louis iana .  

* Tubularn i n  p l a c e  and/or  w i l l  n o t  be exposed t o  w e l l  bore  cond i t ions .  

** S a f e t y  f a c t o r s  ve ry  h igh  o r  no longe r  exposed t o  w e l l  bo re  cond i t ione .  



A: Blowout Prevention Equipment - It is the policy of EOC to always 

have adequate blowout prevention equipment at each well location. - 

The policy is also to have this equipment in first class operat- 

ing  condition with frequent testing required. 

The following section lists the general requirements for the 

selection, use, and testing of blowout prevention systems to be 

used on all EOC 

1. 

wells while drilling. 

Selection and Specification - will be given in the well program. 
Selection by the drilling engineer is based on the following: 

a. Burst rating of casing 

b. Test pressure of casing shoe 

c. Maximum possible surface pressure 
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2. Installation and Use - selection is the easy pzrt, installation 

and use is what counts. 

a. Installation is the complete responsibility of drilling 

foreman. 

b. Installation should comply with the drawings and specifica- 

tions detailed in this section. 

Use of the BOP equipment should consider the selection 

criteria above, especially (1) burst pressure and 

(2) shoe pressure. 

c. 

3 .  Classification - Two preferred systems can be used on this well 

a. High Pressure 

1. one hydril "GK",  5000 psi or equivalent. 

2. One blind ram type preventer, hydraulically operated. 

Eaton Indurtries of Houston, Inc. 



FILL-UP LINE 
7 

TYP I CAL BLOW OUT P REVENTE R INS TALLAT ION 

' R E T U  P FLOWL 

r '  I 

HY DRILL "GK" i C H O K E  M A N I F O L D  

BLIND RAMS 

HYDRAULIC 
I 

2" KILL LINE DRILLING FLOWLINE TO 
SPOOL T O  MANIFOLD 

FLOOR MANIFOLD ---- . I I 1 

PIPE R A M S  JASR-~:OO 5 0 ; o ~ w p . I  bT0 (ALTERNATE)  

1 /2  UNION 
\ 

HIGH PRESSURE SERVICE 
5000 PSI WP.  

MINIMUM REQUIRE M E  NT S 

F i g u r e  8-8 
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* 3 .  One d r i l l i n g  spool  w i t h  choke and k i l l  l i n e s  a s  i n d i c a t e d  on 

Figure8-8 .  Note dua l  g t e  v a l v e s  on k i l l  l i n e s .  

4 .  One p i p e  ram type p r e v e n t e r ,  h y d r a u l i c a l l y  ope ra t ed .  

5 .  

6. 

Nippled up on c a s i n g  spoo l .  

A l t e r n a t e  k i l l  and r e l i e f  l i n e s  may be  connected t o  e i t h e r  t h e  

c a s i n g  spool  or t o  f l anged  o u t l e t s  of  bottom ram p r e v e n t e r .  

7. E x t r a  p i p e  o r  c a s i n g  r a m s  as needed. 

8. Choke manifold as F igure  8-8. 

b.  Abnormal High P res su re  

1. One h y d r i l  "GK" ( e i t h e r  5000 p s i  o r  10,000 p s i  a s  no ted  i n  w e l l  

program) o r  equ iva len t .  

One p i p e  ram p r e v e n t e r ,  h y d r a u l i c a l l y  opera ted .  2. 

3.  

4 .  One d r i l l i n g  spool  w i th  choke and k i l l  l i n e s  as i n d i c a t e d  on 

One b l i n d  r a m  type p r e v e n t e r ,  h y r a u l i c a l l y  ope ra t ed .  

F igu re  8-9. Note dua l  g a t e  valves on k i l l  l i n e s .  

One p ipe  ram type p r e v e n t e r ,  h y d r a u l i c a l l y  ope ra t ed .  

Nippled up on c a s i n g  spoo l .  

Alternate k i l l  and r e l i e f  l i n e  may be connected t o  e i t h e r  

c a s i n g  spool o r  t o  f l anged  o u t l e t s  of  bottom ram p r e v e n t e r s .  

5 .  

6. 

7 .  

8. Choke manifold a s  i n  F igu re  8-9. 

9. Extra p ipe  o r  cas ing  rams a s  needed. 

4 .  A u x i l i a r y  and Assoc ia ted  Equipment 

a .  D r i l l i n g  Spools - s h a l l  b e f o r g e d s t e e l ,  f u l l  opening, w i t h  one 4-inch 

and one 2-inch f langed  ( o r  p r e f e r a b l y  s tudded)  s i d e  o u t l e t s .  
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TYPICAL BLOWOUT INSTALLATION 

F L O W L I N E  

C H O K E  M A N I F O L D  

HYDRIL  "GK"  
5000UW.P. 

PIPE RAMS 

C H O K E  

F LOW LINE 
T O  MANIFOLD 2"KILL L i  

TO FLOOR M A  
( A L T E R N A T E )  

T O  CHOKE 

112 UNION 
'c 

ABNORMAL 

CASING 
SPOOL 

HIGH PRESSURE SERVICE 
10,000 PSI. WP. 

MINIMUM REQUIREMENTS 
(OR ,ALTERNATE 3-RAM 5000 PSI. WP.1 

T O  PITS 

Figure 8-9 
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b .  Choke and K i l l  Valves 

1. A l l  s t ee l ,  f langed v a l v e s .  

2.  Valves should  correspond i n  s i z e  t o  t h e  f l a n g e s  of t h e  d r i l l i n g  

spoo l .  

3.  No a d a p t e r s  t o  be used i n  n i p p l i n g  up va lves .  

4 .  Valves must be for bo th  gas  and f l u i d  s e r v i c e ,  t h e r e f o r e  

v a l v e s  wi th  rubber  s e a t s  are n o t  approved. 

5 .  Valves a d j a c e n t  t o  spoo l  shou ld  be  k e p t  open and on ly  used  f o r  

emergency. 

c. Accumulator and Cont ro l  Equipment 

1. Koomey o r  Payne, 3000 p s i  W.P. w i t h  r e g u l a t o r  v a l v e s  t o  1500 

p s i  maximum f o r  h y d r i l  and rams. 

2 .  Capaci ty  t o  c l o s e ,  open, and c l o s e  a g a i n  t h e  h y d r i l  and one 

ram wi thou t  r echa rg ing  accumula tor .  

3.  Both primary and a l t e r n a t e  power sou rces  t o  f l u i d  pumps. 

4. Compressors f o r  a i r  pumps must be a minimum of 100 f e e t  from 

r i g  f l o o r .  

d. Control P i p i n g  .- s t e e l  p i p i n g  w i t h  Chiksan j o i n t s  o r  high pressure 

hoses  (3000 p s i  W.P.) are a c c e p t a b l e .  

e .  BOP Contro l  S t a t i o n  - two c o n t r o l  s t a t i o n s  c l e a r l y  marked showing 

open and c losed  p o s i t i o n  f o r  each  BOP f u n c t i o n  and t h e  p r e s s u r e  

o p e r a t e d  choke l i n e  va lve .  

’ 1. One c o n t r o l  s t a t i o n  n e a r  d r i l l e r ,  o t h e r  s t a t i o n  a t  s a f e  dis- 

t ance  from w e l l .  
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2 .  Blind  ram c o n t r o l  t o  have e a s y  t o  remove lock ing  o r  p r o t e c t i v e  

cover  system t o  prevent  a c c i d e n t a l  o p e r a t i o n .  

f .  Adapter Spools /F langes  - a l though sometimes necessa ry  i n  connec t ing  

BOP's t o  t h e  cas ing  head, they are  n o t  d e s i r a b l e  i n  t h a t  t h i s  would 

c o n s t i t u t e  ano the r  j o i n t  t h a t  might l e a k .  

g. Choke Manifold - A p r e f e r r e d  mani fo ld  i s  inc luded  i n  the  drawing 

of  each type BOP s t a c k .  

1. I n  an e a s i l y  a c c e s s i b l e  l o c a t i o n .  

2 .  

3 .  Avoid s t i f f  connec t ions  t o  wel lhead .  

4 .  P r e f e r r e d  choke f l o w l i n e  of  3-1/16" I D .  

5. A l l  r i g h t  ang le  t u r n s  t o  be made of  b u l l  plugged t e e s  o r  

Working p r e s s u r e  e q u a l  o r  g r e a t e r  than BOP equipment. 

c r o s s e s  where flow d i r e c t i o n  i s  changed. 

6 .  P r e s s u r e  senso r  f o r  h y d r a u l i c  a d j u s t a b l e  choke shou ld  be n e a r  

wel lhead .  

h. Upper Ke l ly  Cock - ( l e f t - h a n d  K e l l y  Cock) on top  of  Ke l ly .  Requ i re s  

f r e q u e n t  g r e a s i n g  and t e s t i n g .  

i. Lower Ke l ly  Cock - ( r igh t -hand  K e l l y  Cock) - t w o  ( 2 )  h y d r i l  t y p e  

lower Ke l ly  Cocks f o r  each s i z e  of d r i l l  p ipe  i n  h o l e  s h a l l  be  on 

t h e  r i g .  

Test Sub - f o r  t e s t i n g  t h e  K e l l y  cocks from t h e  bot tom s i d e  s h a l l  j. 

be on t h e  r i g  f l o o r .  

Ke l ly  Saver Sub - i n s t a l l e d  below K e l l y  w i t h  a p rope r  s i z e  rubbe r  

c a s i n g  p r o t e c t i o n .  

k .  
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2 .  Blind  ram c o n t r o l  t o  have e a s y  t o  remove lock ing  o r  p r o t e c t i v e  

cover  system t o  prevent  a c c i d e n t a l  o p e r a t i o n .  

f .  Adapter Spools /F langes  - a l though sometimes necessa ry  i n  connec t ing  

BOP's t o  t h e  cas ing  head, they are  n o t  d e s i r a b l e  i n  t h a t  t h i s  would 

c o n s t i t u t e  ano the r  j o i n t  t h a t  might l e a k .  

g. Choke Manifold - A p r e f e r r e d  mani fo ld  i s  inc luded  i n  the  drawing 

of  each type BOP s t a c k .  

1. I n  an e a s i l y  a c c e s s i b l e  l o c a t i o n .  

2 .  

3 .  Avoid s t i f f  connec t ions  t o  wel lhead .  

4 .  P r e f e r r e d  choke f l o w l i n e  of  3-1/16" I D .  

5. A l l  r i g h t  ang le  t u r n s  t o  be made of  b u l l  plugged t e e s  o r  

Working p r e s s u r e  e q u a l  o r  g r e a t e r  than BOP equipment. 

c r o s s e s  where flow d i r e c t i o n  i s  changed. 

6 .  P r e s s u r e  senso r  f o r  h y d r a u l i c  a d j u s t a b l e  choke shou ld  be n e a r  

wel lhead .  

h. Upper Ke l ly  Cock - ( l e f t - h a n d  K e l l y  Cock) on top  of  Ke l ly .  Requ i re s  

f r e q u e n t  g r e a s i n g  and t e s t i n g .  

i. Lower Ke l ly  Cock - ( r igh t -hand  K e l l y  Cock) - t w o  ( 2 )  h y d r i l  t y p e  

lower Ke l ly  Cocks f o r  each s i z e  of d r i l l  p ipe  i n  h o l e  s h a l l  be  on 

t h e  r i g .  

Test Sub - f o r  t e s t i n g  t h e  K e l l y  cocks from t h e  bot tom s i d e  s h a l l  

be on t h e  r i g  f l o o r .  

Ke l ly  Saver Sub - i n s t a l l e d  below K e l l y  w i t h  a p rope r  s i z e  rubbe r  

c a s i n g  p r o t e c t i o n .  

j. 

k.  
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1. Cross-over Subs - d r i l l  p i p e  box by d r i l l  c o l l a r  p i n ,  t o  u s e  i f  

k i c k  occur s  wh i l e  hand l ing  c o l l a r s .  

R o t a t i n g  Type C i r c u l a t i n g  Head - a 3" 5000 p s i  head w i t h  p r o p e r  

bot tom subs  f o r  d r i l l  p ipe .  

I n s i d e  BOP - Gray, TIW, cr S h a f f e r  w i t h  proper  subs  shou ld  be  a t  

d r i l l e r ' s  console  f o r  immediate use .  

m. 

n.  

5. Recommended P r a c t i c e s  and Procedures  

a. Screwed valves and f i t t i n g s  s h a l l  n o t  be  u t i l i z e d  i n  t h e  BOP- 

Manifold system. 

K i l l  l i n e  s h a l l  n o t  be used f o r  r o u t i n e  f i l l - u p  o p e r a t i o n s .  

Casing head o u t l e t s  s h a l l  n o t  be  used f o r  choke o r  k i l l  purposes  

e x c e p t  i n  emergency. 

Pump through choke and k i l l  l i n e s  on each t r i p .  

b.. 

c. 

d. 

e .  Use h o l e  cover  when p i p e  i s  o u t  o f  h o l e .  

f .  

g .  Open and c l o s e  k e l l y  cocks each t r i p .  

h .  

i. Check h y d r i l  rubber  position p r  o r  t o  running  new b i t .  

j. Check f o r  ( 1 )  k e l l y  cock wrench and ( 2 )  i n s i d e  BOP a t  d r i l l e r ' s  

Open and c l o s e  p ipe  rams each t r i p  o r  d a i l y .  

Check and r eco rd  on IADC r e p o r t  accumulator  p r e s s u r e  each  t o u r .  

conso le  each t o u r .  

k. Choke and k i l l  valves immediately a d j a c e n t  t o  spoo l  or c a s i n g  head  

should  be k e p t  i n  open p o s i t i o n  and o n l y  used i n  emergencies .  

1. A l l  valves should  be equipped w i t h  handwheels and ready  f o r  

immediate use .  
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m. Replace mud i n  choke and k i l l  l i n e s  wi th  a n t i - f r e e z e  d u r i n g  f r e e z i n g  

c o n d i t i o n s .  

Casing rams w i l l  be  i n s t a l l e d  f o r  running  9-5/8"  and smaller c a s i n g .  n. 

0. Casing and p ipe  r a m s  w i l l  be  i n s t a l l e d  i n  a 3-ram BOP p r i o r  t o  

running  a l i n e r .  I f  BOP i s  of t h e  2-ram type ,  r a m s  t o  f i t  t h e  

l i n e r  w i l l  n o t  be i n s t a l l e d ,  b u t  a d r i l l  p i p e  by c a s i n g  swedge 

w i l l  b e  on t h e  f l o o r .  

6 .  T e s t i n g  P r a c t i c e s  

a. Frequency - t h e  e n t i r e  BOP system i n c l u d i n g  manifold,  f low l i n e s ,  

k e l l y  cocks ,  swivel s t andp ipe ,  and r o t a r y  hose  w i l l  b e  t e s t e d :  

1. Upon i n i t i a l  i n s t a l l a t i o n  

2. Each 7 days t h e r e a f t e r  

3 .  P r i o r  t o  d r i l l i n g  i n t o  a known abnormal p r e s s u r e  zone. 

b. T e s t  P r e s s u r e  - a l l  components of  t h e  BOP system w i t h  t h e  e x c e p t i o n  

of t h e  h y d r i l  s h a l l  be  t e s t e d  t o  i t s  f u l l  r a t e d  working p r e s s u r e .  

. The h y d r i l  ( annu la r )  p r e v e n t e r  w i l l  be  t e s t ed  t o  70% o f  i t s  r a t e d  

working p r e s s c r e .  

c. Plug-Type T e s t e r  - shall be  used t o  t es t  t h e  BOP system and w e l l  

head components. 

1. Water s h a l l  be  used f o r  t e s t i n g  a f t e r  having  d i s p l a c e d  t h e  mud 

t o  a p o i n t  j u s t  below the c a s i n g  head o r  spoo l .  

Open v a l v e  on spoo l  below t e s t  p lug  t o  p reven t  p r e s s u r i z i n g  t h e  

c a s i n g  should  t h e  p lug  l e a k .  

B l ind  rams s h a l l  be  t e s t e d  by conve r t ing  t h e  p lug  t o  a b l i n d  

p l u g  and backing o u t  t h e  d r i l l  p ipe .  

2. 

3 .  

Kote: Be s u r e  v a l v e  o r  
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Eaton Industries of Houston, Inc. 

spool  s i d e  o u t l e t  i s  opened. 

d.  T e s t  Sub - should be used t o  t e s t  k e l l y  cocks,  k e l l y  and s w i v e l  

from bottom s i d e .  

e. Casing - w i l l  be t e s t e d .  

1. P r i o r  t o  d r i l l i n g  o u t  

2. Each 7 days a f t e r  d r i l l i n g  o u t ,  u t i l i z i n g  a cup-type p l u g  

tes te r  se t  a t  + 150' - 
f .  Test Procedures  - BOP' s ,  choke man i fo ld ,  k e l l y  cocks,  swive l  h o s e ,  

and s t a n d p i p e .  The o b j e c t  i s  t o  t e s t  each va lve  and BOP r a m  i n  

b o t h  t h e  open and c losed  p o s i t i o n .  We .not  on ly  want t o  know i f  . 

t h e  f l a n g e s  on e i t h e r  s i d e  of  a v a l v e  are good, b u t  w e  need t o  

know i f  t h e  v a l v e  o r  ram w i l l  h o l d  i t s  r a t e d  working p r e s s u r e  

when c losed  w i t h  a tmospher ic  p r e s s u r e  on the  o t h e r  s i d e .  

S t e p  1. Dra in  mud from mani fo ld ,  l i n e s ,  and BOP's. R e f i l l  w i t h  

f r e s h  water. 

P ick  up and run  p lug  type t e s t e r  and po r t ed  s u b ,  open 

c a s i n g  head v a l v e  o r  a u x i l i a r y  va!ve below t e s t  p lug .  

Open a l l  v a l v e s  (and HCR) from BOP t o  choke l i n e  and 

back t o  mani fo ld .  Close a l l  chokes o r  o u t e r  v a l v e s  

Leaving mani fo ld .  

s u r e  tes t  e n t i r e  s t a c k ,  l i n e s ,  and mani fo ld  t o  70% of  

Hydr i l  working p r e s s u r e .  

S t e p  2 .  

Close H y d r i l  on d r i l l  p i p e  and p res -  

' S t e p  3 .  Close uppermost p ipe  rams and open Hydr i l .  I n c r e a s e  

p r e s s u r e  t o  f u l l  working p r e s s u r e  of BOP. (Repeat t es t  

if stack has  a second se t  o f  p ipe  rams.) 

DOE CONTRACT NO. 
DE - AC08 - 80ET-2708 1 

Eaton Operating Co., Inc. 
31 00 Edloe 

Houston. Texas 77027 
(713) 627-9764 

-84- 



S t e p  4 .  Close manifold v a l v e  i n s i d e  of choke and open choke. 

Re-pressure e n t i r e  sys tem t o  f u l l  working p r e s s u r e .  

S t e p  5. Close HCR v a l v e ,  open mani fo ld  v a l v e ,  and b l e e d  p r e s s u r e  

off manifo ld  and l i n e s .  Re-pressure and t e s t  HCR v a l v e .  

S t e p  6 .  Close i n s i d e  v a l v e  between s t a c k  and HCR v a l v e .  Open 

HCR va lve .  P r e s s u r e  t es t  i n s i d e  va lve .  ( I f  double  

valves a r e  on any l i n e ,  t e s t  each va lve  s e p a r a t e l y . )  

S t e p  7. Test va lve  and check v a l v e  on k i l l  l i n e .  

S t e p  8. T e s t  v a l v e s  on a u x i l i a r y  choke l i n e .  P u l l  t e s t  p l u g .  

S t e p  9 .  . 
Pick  up k e l l y  w i t h  k e l l y  cock i n  c losed  p o s i t i o n .  

Test both  upper and lower k e l l y  cocks from u n d e r s i d e .  

S t e p  10. Open k e l l y  cocks and c l o s e  s t a n d  p ipe  va lve .  T e s t  s w i v e l ,  

h o s e ,  and s t a n d p i p e  f rom unde r s ide .  

S t e p  11. ONLY i f  c a s i n g  shoe h a s  not been d r i l l e d  o u t .  With 

n o t h i n g  i n  t h e  BOP, c l o s e  t h e  b l i n d  rams and p r e s s u r e  

test below b l i n d s  t o  t h e  l e s s e r  of e i t h e r .  

a. 

b. r a t e d  working p r e s s u r e  of BOP. 

80% of c a s i n g  b u r s t  r a t i n g  o r  

B. Kick Cont ro l  and Blowout P reven t ion  - Since  t h e  prcYIZm o Y , JWOUt . s  

and w e l l  kicks con t inues  t o  b e  t h e  most expens ive  problem one f i n d s  

in d r i l l i n g  o i l  and gas wel ls ,  i t  i s  of g r e a t  concern t o  EOC. For 

t h i s  r eason ,  EOC r e q u i r e s  t h a t  a l l  d r i l l i n g  s u p e r v i s o r s  be f a m i l i a r  

w i t h  E O C ' s  p r e f e r r e d  methods i n  k i l l i n g  a w e l l  k i c k .  
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1. EOC will use one of the following two methods in most killing 

operations. 

a. Driller's Method 

1. Circulate the kick with existing weight mud. 

2 .  Build kill weight mud. 

3 .  

4 .  Advantages : 

Circulate well with kill weight mud. 

Easiest to perform. 

Allows time for building kill weight mud. 

5. Disadvantages: 

Results in highest surface pressures. 

Results in highest equivalent mud weight at casing seat. 

Requires several circulations. 

b. Wait and Weight Method 

1. Leave well shut in while building mud weight. 

2. 

3 .  Advantages: 

Circulate well with kill weight mud. 

Lowest surface pressures, and especially desirable 

with gas kicks. 

Removes kick and kills well in one circulation. 

Probably fastest overall method if not too long 

acquiring kill weight mud. 

4 .  Disadvantage: 

Most rigs don't have rig capacity to build a complete 

displacement volume at kill weight. 
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2 .  Sugges t ions  f o r  t h e  Use of P i t  Level  Recording I n s t r u m e n t s  

a. Know t o t a l  c a p a c i t y  of a c t i v e  mud system. 

1. I n d i c a t o r  

a. Know how t o  u s e  r e f e r e n c e  p o i n t e r .  Always s e t  

r e f e r e n c e  p o i n t e r  b e f o r e  making t r i p  o r  c i r c u l a t -  

i n g  d r i l l i n g  b r e a k .  

r e q u i r e d  t o  d i s p l a c e  d r i l l  p ipe  and make s u r e  

t h i s  amount i s  i n d i c a t e d .  

Know what amount of mud i s  

b .  I n d i c a t o r  should  be  i n  f r o n t  of d r i l l e r ,  eye - l eve l  

and w i t h i n  arm's r each .  

Know t h a t  r e c o r d e r  and i n d i c a t o r  are r e c o r d i n g  

and i n d i c a t i n g  same volume of mud. 

c. 

d.  Any changes i n  p i t  l e v e l  o r  pen movement on 

i n d i c a t o r  t h a t  occu r ,  make s u r e  same change 

occur s  on r e c o r d e r  and make p e n c i l e d  n o t a t i o n  on 

c h a r t  as t o  what t h e  change r e p r e s e n t s ,  such as 

j e t t i n g  p i t s ,  s t a r t i n g  3r s topp ing  d e g a s s e r ,  

connec t ion ,  e t c .  

2. Recorder 

a .  

b. Know how t o  set  alarm.  When coming on t o u r ,  

Know what each  c h a r t  d i v i s i o n  r e p r e s e n t s .  

make s u r e  alarm i s  tu rned  on and check t o  

de te rmine  t h a t  t h e  a la rm span i s  c l o s e  t o  p r e s e n t  

p i t  volume. 
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Know how many pump s t r o k e s  and t h e  amount o f  

mud t o  d i s p l a c e  d r i l l  p i p e .  

d. Any changes i n  flow r a t e  o r  pen movement on 

i n d i c a t o r  t h a t  o c c u r ,  make s u r e  t h e  same chang 

occur s  on r e c o r d e r  and make p e n c i l e d  n o t a t i o n s  

on c h a r t  a s  t o  what t h e  change r e p r e s e n t s .  

C .  Determine what has  caused any p i t  l e v e l  change 

and n o t e  on t h e  c h a r t  what has  caused t h e  change. 

3 .  T r a n s m i t t e r  

a .  Make s u r e  t h a t  no o b s t r u c t i o n  has  been p l a c e d  

over  f l o a t s  t h a t  would prevent  f u l l  t r a v e l  

(1-arm t r a n s m i t t e r )  

b.  Keep f l o a t s  on u p r i g h t  t r a n s m i t t e r s  c l e a n .  Clean 

mud o f f  of  f l o a t  and r i n g s  on t h e  s i d e  of  t h e  

f l o a t  each t o u r .  Check f l o a t  movement by r a i s i n g  

and lowering f l o a t  each t o u r  and always b e f o r e  

making a t r i p .  A f t e r  moving f l o a t s ,  make s u r e  

an i n d i c a t i o n  i s  noted  on c h a r t  and i n d i c a t o r .  

3 .  Sugges t ions  f o r  t h e  Use of Flow Measuring Devices 

a. Understand Flow Neasur ing  Ins t rumen t s  and T h e i r  Components 

1. I n d i c a t o r  

a. 

b. Understand t h e  a la rm s e t t i n g s .  

c. Unders tand  how t o  o p e r a t e  t he  pump s t r o k e  coun te r .  

Know t h e  c i r c u l a t i n g  r a t e  o f  t h e  mud pump(s). 

Eaton Industries of Houston, Inc. 



2 .  Recorder 

a. Know what each  c h a r t  d i v i s i o n  r e p r e s e n t s .  

b.  Know how t o  s e t  a la rm.  When coming on t o u r ,  

make s u r e  a l a rm i s  tu rned  on and check t o  

determine t h a t  t h e  alarm span i s  c l o s e  t o  

p r e s e n t  c i r c u l a t i n g  ra te .  

3. Transmi t t e r s  

a. Make s u r e  t h a t  no o b s t r u c t i o n s  have lodged i n  

t h e  t r a n s m i t t e r  or under  t h e  " f l appe r" .  

b .  Make s u r e  t h a t  a l l  l i n e s  a r e  connected t o  t h e  

t r a n s m i t t e r .  

c. Understand any c a l i b r a t i o n  procedures  recommended 

by s u p p l i e r .  

D r i l l i n g  foremen a r e  t o  h o l d  p i t  d r i l l s  a t  l e a s t  once weekly 

t o  t r a i n  personnel  t o  man t h e i r  s t a t i o n s  and do t h e i r  j o b s .  

This r o u t i n e  must be  r e p e a t e d  u n t i l  t h e  crews can p r o p e r l y  

s h u t  a w e l l  i n  w i t h  no more than  a 10-bar re l  p i t  g a i n .  

the crews -inow what t o  do p r o p e r l y ,  r e p e a t  t h e  d r i l l  f o r  each 

crew once weekly. 

be s lowed t o  h a l f  speed and t h e  s t a n d  p i p e  p r e s s u r e  r eco rded  

as w e l l  a s  t h e  SPM. Th i s  w i l l  be  t h e  low s t r o k e  d r i l l  p i p e  

p r e s s u r e  used t o  c i r c u l a t e  o u t  a k i c k .  CAUTION: Do n o t  

a l low speed t o  o v e r r u l e  s h u t t i n g  t h e  w e l l  i n  p r o p e r l y .  

Once 

A t  l eas t  once each  t o u r  t h e  mud pump shou ld  
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4 .  Shut - in  Procedure 

The fo l lowing  procedure f o r  s h u t t i n g  i n  a k i c k i n g  w e l l  can  and 

will be used on a l l  EOC w e l l s .  When a k i c k  is  d e t e c t e d ,  

. w e l l  is  flowing, and p i t s  a r e  g a i n i n g  mud, t h e  f o l l o w i n g  

step-by-step procedure  w i l l  be  followed: 

S t e p  1. Shut down mud pumps. 

S t e p  2 .  

S t e p  3 .  

S t e p  4 .  

S t e p  5. 

S t e p  6. 

S t e p  7. 

S t e p  8. 

S t e p  9. 

P i c k  Ke l ly  up o u t  of r o t a r y  bushing. 

Open HCR v a l v e  and k i l l  choke a l l  t h e  way open. 

Close Hydr i l  ( L a t e r  a d j u s t  p r e s s u r e  so t h a t  t h e  

w e l l  is under c o n t r o l  b u t  t h e  d r i l l  p i p e  can  be 

r e c i p r o c a t e d  w i t h  on ly  a s l i g h t  l e a k  around d r i l l  

p ipe  f o r  l u b r i c a t i o n . )  

Slowly c l o s e  k i l l  choke. 

Record : 

a. Shut i n  d r i l l  p i p e  p r e s s u r e  

b.  Shut i n  c a s i n g  p r e s s u r e  

c. P i t  volume g a i n  

I f  t i m e  p e r m i t s ,  c o n t a c t  EOC's  Houston o f f i c e .  

C a r e f u l l y  s e l e c t  and p l a n  t h e  method of k i l l i n g  t h e  

well. 

Once t h e  k i l l  i s  s t a r t e d ,  t h e  d r i l l i n g  s u p e r v i s o r  

is n o t  t o  l e a v e  t h e  choke c o n t r o l s .  
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DOE CONTRACT NO. 
DE-ACOB-80ET-27081 

Eaton Operating Co., lnc. 
3 100 Edloe 

Houston, Texas 7 7 0 2 7  
(713) 6 2 7 - 9 7 6 4  

-90- 



5 .  K i l l i n g  a Kicking Well 

a. Immediately a f t e r  a k i c k  i s  d e t e c t e d  and t h e  w e l l  h a s  been 

p r o p e r l y  c losed  i n ,  t h e  fo l lowing  in fo rma t ion  shou ld  b e  

known : 

1. 

2 .  

3 .  Volume ga ined  from k i c k  

4. Shut- in  c a s i n g  p r e s s u r e  

Depth of  w e l l  ( t r u e  v e r t i c a l  depth)  

Mud weight  when w e l l  k i cked  

b .  P r i o r  t o  t h e  w e l l  k i c k i n g ,  t h e  fo l lowing  shou ld  always 

be known and w r i t t e n  down: 

1. ‘Casing d a t a ,  e s p e c i a l l y  t h e  l a t e s t  shoe t e s t  and 

80% of maximum b u r s t  p r e s s u r e .  

2. D r i l l  p ipe  d a t a ,  s i z e  and c a p a c i t y  

3 .  D r i l l  c o l l a r s ,  s i z e  and c a p a c i t y  

4 .  Pump c a p a c i t y ,  b b l s / s t r o k e ,  o r  s t r o k e s l b b l  

5 .  Hole a n n u l a r  c a p a c i t y  around d r i l l  p i p e  

6.  Low s t r o k e  c o n s t a n t  c i r c u l a t i n g  p r e s s u r e  ( u s u a l l y  

at 1/2 of drilling SPM) 

Recording t h e  above s i x  p i e c e s  of  i n fo rma t ion  p r i o r  t o  a 

kick i s  cons ide red  a must by EOC. 

With t h e  preceding  in fo rma t ion ,  one can then  c a r e f u l l y  

f i l l  o u t  t h e  w e l l  kill work s h e e t s  and have t h e  w e l l  

k i l l  planned p r o p e r l y ,  
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8.6 Logging Program 

The only  l o g  planned f o r  t h i s  w e l l  i s  a gamma ray  cement bond log  w i t h  

c a s i n g  c o l l a r  l o c a t o r .  The l o g  w i l l  be run on a s ca l e  of  5" p e r  100 '  

from 16,800 '  t o  1 3 , 0 0 0 ' .  

8 . 7  Christmas Tree Design 

Figure  8-10 i s  a l i n e  drawing of t h e  proposed Christmas t r e e .  The 7" 

c a s i n g  w i l l  be packed o f f  i n  t h e  lower p a r t  of t h e  spool  and t h e  tub ing  

w i l l  be  packed o f f  i n  t h e  upper p a r t .  A l l  upper va lves  w i l l  be  2-1/16" 

I . D . ,  10,000 p s i  W.P. wi th  h igh  temperature  s e a l i n g  elements and H S 

t r i m .  The 7" O . D .  p roduct ion  c a s i n g  w i l l  be landed i n  t h e  upper s e c t i o n  

of t h e  9-5/8" c a s i n g  head s p o o l .  

2 

The in t e rmed ia t e  9-518" cas ing  head 

spool  and t h e  13-3/8" s u r f a c e  c a s i n g  head a r e  of convent iona l  des ign .  

Dual expansion - loop flow l i n e  wings w i l l  be mounted on t h e  t r e e  f o r  

s imultaneous flow t o  ba lance  f o r c e s  imposed on t h e  upper p o r t i o n  of t h e  

t ree  and t o  reduced f r i c t i o n  l o s s .  The lower ends of  t h e  flow loops 

t i e  t o g e t h e r  a t  t h e  flow manifold a s  descr ibed  i n  Sec t ion  11. 

8 . 8  F r i c t i o n  Losses i n  Annulus 

F i g u r e  8-11 shows t h e  e s t ima ted  down h o l e  f r i c t i o n  l o s s e s  versus  product ion 

r a t e s  f o r  t h e  t e s t  w e l l .  F r i c t i o n  l o s s e s  f o r  annular  flow a r e  r e l a t i v e l y  

low and should  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  f l o w  c a p a c i t y  of t h e  w e l l  i n  

t h e  10,000 t o  15,000 b a r r e l s  o f  water  p e r  day range .  

Eaton Industries of Houston, Inc. 
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L 

CHRISTMAS TREE SCHEMATIC 

W I  R E L I  N E ADAPTER 

SWAB VALVE 10,000 P S I  W.P. 

2 1/16" 10,000 P S I  

K I L L  STRING CONNECTION 

W P 

10,000 P S I  w. P. 

TUBING HEAD 
10,000 P S I  w. P. 

13 3 / 0 "  0. D. CASING 
9 5/8"  0. D CASING 

" 0. 0. CASING 

2 3/8" 0. D. TUBING 

FIGLRE 8-10 
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8.9  B i t  Program 

The gene ra l  b i t  program f o r  d r i l l i n g  e x i s t i n g  cement p lugs ,  b r i d g e  plugs 

and cement r e t a i n e r s  w i t h i n  t h e  cas ing  s t r i n g s  i s  as  fo l lows:  

Casing S i z e  O . D .  Minimum D r i f t  Diameter Type B i t  

9-518" Casing 8.500" Cement B i t  

8.10 P e f o r a t i n g  

P e r f o r a t i n g  t h e  t es t  zone w i l l  b e  accomplished wi th  a 1-11/16 inch  hol low 

carr ier  gun w i t h  fou r  s h o t s  p e r  f o o t .  

t i o n  through a 7 inch  product ion  s t r i n g  and cement shea th  a long  wi th  

good h o l e  s i z e .  The t e s t  i n t e r v a l  w i l l  be  from 16,718 f e e t  t o  16,754 f e e t .  

P e r f o r a t i n g  w i l l  b e  performed wi th  t h e  9 .0  ppg S a l t  Water i n  t h e  w e l l  and 

damage t o  t h e  p e r f o r a t e d  i n t e r v a l  should  be s l i g h t .  

8.11 Re-Entry and Completion Procedure 

The complet ion prognos is  f o r  t h e  t e s t  w e l l  fol lows and t h e  e s t ima ted  

c o s t s  f o r  t h e  ope ra t ions  a r e  inc luded  i n  Table  8-2. 

This  gun w i l l  provide good penet ra -  
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Day No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Procedure 
- 

Complete moving i n  r i g  and r i g g i n g  up equipment. Dig o u t  

c e l l a r  and remove s t e e l  p l a t e  from cas ing  s tub .  

I n s t a l l  and tes t  3,000 p s i  working p res su re  cas ing  head on 

13-318 inch  cas ing .  S t a r t  i n s t a l l i n g  blowout p reven te r s .  

F i n i s h  i n s t a l l i n g  blowout p reven te r s  and t e s t  rams t o  3,000 

p s i  and h y d r i l  t o  2,100 p s i .  

Mix 300 b a r r e l s  working volume of 10.0 ppg d r i l l i n g  f l u i d  

composed of water ,  g e l ,  c a u s t i c ,  soda ash ,  and l i g n o s u l f o n a t e .  

P ick  up 8-112 inch  b i t  and d r i l l  ou t  cement plug a t  s u r f a c e .  

Make up cas ing  pa tch ,  l a t c h  on t o  9-518 inch  cas ing  and s e t  

cas ing  s l i p s  i n  13-318 inch cas ing .  

Remove blowout p reven te r s  and i n s t a l l  5,000 p s i  working 

p res su re  cas ing  head on 9-518 inch  cas ing .  

I n s t a l l  BOP’S and test rams t o  5,000 p s i  and h y d r i l  t o  3,500 p s i .  

Pick UP d r i l l  c o l l a r s  and go i n  h o l e  wi th  8-112 inch  cement 

m i l l  t o  top cement p lug  a t  3,400 f e e t  - +. 

t i o n  mud and d r i l l  ou t  cement p lug  and EZSV r e t a i n e r .  

C i r c u l a t e  and condi- 

P u l l  o u t  of h o l e ,  i n s t a l l  new cement m i l l  and s ta r t  going i n  

h o l e .  
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Day No. Procedure 
- 

10 F in i sh  going i n  h o l e  t o  t o p  of cement p lug  a t  about 14,000 ' .  

C i r c u l a t e  and cond i t ion  mud. 

13 

22 

11 P u l l  ou t  of  h o l e  and run  cas ing  i n s p e c t i o n  log .  From 14,000 

f e e t  t o  s u r f a c e .  

12 Go i n  h o l e  t o  14,000 f e e t  and d i s p l a c e  10.0 ppg water  based 

mud wi th  13.8 ppg o i l  based mud. 

D r i l l  ou t  cement p lug  and EZXV cement r e t a i n e r  and p u l l  ou t  

of h o l e  wi th  cement m i l l .  

G o  i n  h o l e  wi th  8-112 inch  b i t  and s t a r t  washing o u t  open 

ho le .  

. 14 

15- 20 F i n i s h  washing ou t  open h o l e  t o  17 ,000  f e e t .  

2 1  Rig up l a y  down machine and e x t r a  work crew and p u l l  ou t  of 

h o l e  l ay ing  down d r i l l  p ipe .  It i s  important  t h a t  t h i s  

o p e r a t i o n  be performed a s  qu ick ly  as  p o s s i b l e .  

Rig up cas ing  to rque  t u r n  crew and run  9000 f e e t  of 7 inch 

3 2 f / f t .  P-110 SFJ followed by 8000 f e e t  of 7" 32# ft./L-80 

Mod. Casing. I n s t a l l  downjet f l o a t  shoe on bottom followed 

by two j o i n t s  of ca s ing  and then  convent iona l  f l o a t  c o l l a r .  

I n s t a l l  c e n t r a l i z e r s  on each j o i n t  from bottom t o  15,000 

f e e t  and one 

Eaton Industries of Houston, Inc. 
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Day No. 

22 
(Cont 'd) 

23 

24 

25 

26 

27 

28 

Procedure 

every  t h i r d  j o i n t  from 15,000 f e e t  t o  13,000 f e e t  ( t o t a l  of 

60). I n s t a l l  cab le  type  wipers  spaced 20 f e e t  a p a r t ,  50 f e e t  

below, ac ross  and 50 f e e t  above zonesto be t e s t e d .  

Cement cas ing  wi th  enough cement t o  b r i n g  top  of cement t o  

12,000 f e e t .  Rec iproca te  p ipe  wh i l e  cementing. 

Wait a f u l l  24 hours  f o r  cement t o  se t .  

P u l l  a d d i t i o n a l  t ens ion  on cas ing  u n t i l  weight on block i s  

450,000 l b s .  S e t  7 inch  cas ing  s l i p s  with 450 ,000 l b s .  

I n s t a l l  tub ing  head on 7 inch  cas ing .  I n s t a l l  5,000 p s i  

working p res su re  blowout p reven te r s  and t e s t  them according 

t o  Eaton procedures .  Run gamma-ray cement bond log  from bottom 

t o  top  of cement. 

Go i n  h o l e  t o  bottom wi th  2-318 inch  tubing.  

ppg mud wi th  9.0 ppg saltwater. 

tubing.  

Disp lace  13.8 

I n s t a l l  w i r e l i n e  guide on 

P u l l  tub ing  up t o  100 f e e t  above proposed top  of 

p e r f o r a t i o n s .  I n s t a l l  Christmas t r e e .  

P res su re  tes t  cas ing  and Christmas tree t o  6,000 p s i .  Rig 

down equipment and begin t o  move o u t  r i g .  
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A f t e r  r i g  h a s  been moved o u t ,  p e r f o r a t e  well from 16,718 t o  16,754 f e e t  

w i t h  1-11/16 inch  hollow c a r r i e r  gun, 8 h o l e s  p e r  f o o t .  

up t o  4,000 p s i  p r i o r  t o  f i r s t  p e r f o r a t i n g  job.  

- 

Pressu re  cas ing  
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. TABLE 8-2 

ESTIMATED COST TO RE-ENTER 

AND COMPLETE TEST WELL 

MARTIN CROWN ZELLERBACH WELL NO. 2 

Accounting 
I tern 

02 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

24 

~ ~~~~ ~~~~ ~ 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

I tem 

F i e l d  Labor 

S i t e  

D r i l l i n g  

Tangibles 

Expendables 

Cement i n  g 

P e r f . ,  Acid 

Equip. Renta l  

Con t r a c t  S e rv . 
F r e i g h t  & Trans.  

- 

Other 

Insurance  

Consul tan ts  

Land Use 

Tes t ing  

TOTAL 

” -  

Eaton Operating Co.. Inc. 
3100 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 

-100- 

O r i g i n a l  
Es t imate  

$ 44,000 

100,000 

275,000 

725,000 

280,000 

77,000 

88,000 

113,000 

87,000 

42,000 

11,000 

33,000 

-0- 

90,000 

-0 - 
$1,965,000 



9.0 RE-ENTRY AND COMPLETION PROCEDURE FOR DISPOSAL WELL - 

Brine d i s p o s a l  requi rements  a r e  a n t i c i p a t e d  t o  be approximately 10,000 t o  

15,000 BWPD. The Crown Zel le rbach  Well No. 1 w i l l  be converted t o  a 

d i s p o s a l  w e l l .  

Figure 9-1 i s  a schematic diagram of  t h e  Crown Ze l l e rbach  W e l l  N o .  1 i n  i t s  

p r e s e n t  cond i t ion .  

head i n t a c t .  The p ipe  w a s  n o t  c u t  a t  t h e  s u r f a c e .  

The w e l l  w a s  abandoned l e a v i n g  t h e  i n t e r m e d i a t e  cas ing  

The re -en t ry  and completion procedure fol lows and t h e  e s t i m a t e d  c o s t s  f o r  

t h e  o p e r a t i o n s  are inc luded  i n  Table 9-1. 

Day No. 

1 

2 

3 

Procedure 

Complete moving i n  r i g  and i n s t a l l i n g  equipment. 

o u t  c e l l a r  and remove s t e e l  p l a t e  from c a s i n g  head 

f l ange .  

Dig 

I n s p e c t  cond i t ion  of  c a s i n g  head f l a n g e .  

test 3,000 o r  5,000 p s i  working pressure blowout 

I n s t a l l  and 

p r e v e n t e r  , s t a c k  and choke manifold and tes t  s a m e  

accord ing  t o  EOC procedure .  

Prepare  about 200 b a r r e l s  working volume of 9.5 ppg 

s a l t  water and g e l .  P i ck  up 8-1/2" cement m i l l  and 

d r i l l  o u t  35'  cement p lug  a t  s u r f a c e .  P i ck  up d r i l l  

c o l l a r s  and go i n  h o l e  wi th  8-1/2" m i l l  t o  top of 

cement p lug  a t  3 ,900 ' .  
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'i 
MARTIN CROWN ZELLERBACH WELL NO. I 

13.2 PPG OIL MUD - 

13.2 PPG OIL  MUD - 
13.3 PPG O I L  MUD - 

P.-.,,.*. 111 

WATER 

% s z  

WATER 

a: 

35' CEMENT PLUG AT SURFACE 

-20" CSG. SET AT 236' 

13 3/8" CSG. SET AT 3,415' 

TOP OF CEMENT AT 3,900' 
EZSV CMT. RET. AT 4,000' 

OLD PERFS. 4,390'- 4,480' SOUEEZ ED 
' 

7"  CSG. JET CUT AT 10,000' AND PULLED 

7" CSG. JET CUT AT 10,490' COULD NOT PULL 

TOP OF CEMENT AT 10,88D'* 
TOP OF BRIDGE PLUG AT 11,480' 

TOP OF BOT LINER HANGER AT 13,784' 

7" 35 #/FT P-110 G L - 8 0  LTC CSG. AT 14,044' - 9 5/B" P-110 G N-EO CSG. SET AT 14,154 

TOP OF CEMENT AT 15,950' 
TOP OF EZSV CMT. RET. AT 16,050' 

PERFS. 16,175 - 182' 6 16,193'-212' SOUEEZED 

PERFS. 16,218'- 20' BLOCK SQUEEZED 

PERFS. 16,326'- 26' BLOCK SQUEEZED 
TOP OF EZSV-CMT. RET. AT 16,440' 

PERFS. 16,444-46 SLOCK SQUEEZED 

TOP OF CEMENT DUMPED ON EP AT 16,595' 
TOP OF BAKER C I  BRIDGE PLUG AT 16,620' 

PERFS. 16,633'-67' NOT SOUEEZED 
PERFS. 16,670'-72' NOT SQUEEZED 

OLD POD 16,775' 
5" 18 # /FT  

. PERFS. 16,666-96 SQUEEZED 

P-110 FJ LINER AT 16,850' 

PRESENT CON0 IT ION 

, 

FIGURE 9-1 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. DOE CONTRACT NO 
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Houston, Teras 77027 

(71 3) 627-9764 
-102- 

- 



Day No. 

4 

5 

6 

Procedure 

D r i l l  cement from 3,900'  t o  4 , 0 0 0 '  and d r i l l  up cement 

- 

r e t a i n e r  a t  4,000 ' . 

Go i n  h o l e  t o  6,000'  and c i r c u l a t e  c l e a n  9.5 ppg s a l t  

water. P u l l  o u t  of h o l e  w i t h  cement mill. 

Go i n  h o l e  w i t h  cement r e t a i n e r  on work s t r i n g  and 

se t  same at  6,000+ i n  9-5/8" cas ing .  P r e s s u r e  tes t  

cas ing  and o l d  p e r f o r a t i o n s  from 4,390 t o  4 ,480 '  by 

c l o s i n g  bag blowout p r e v e n t e r  and p l a c i n g  1,000 p s i  

p r e s s u r e  on t h e  9-5/8" cas ing .  

- 

P u l l  o u t  of h o l e  and l a y  down work s t r i n g  on p ipe  r acks .  

I n s t a l l  d i s p o s a l  w e l l  Christmas tree and begin  moving 

out  r i g .  

A f t e r  r i g  moves o f f  l o c a t i o n ,  r i g  up w i r e l i n e  uni t  and 

run gamma ray - casing col lar locator log from 5,400'  

t o  3 , 5 0 0 ' .  P e r f o r a t e  w e l l  u s ing  3-1/8" cas ing  gun from 

4800 t o  4 , 9 0 0 ' . ,  f o u r  h o l e s p e r  f o o t .  Perform i n j e c t i v i t y  

tes ts  and a c i d i z e  i f  necessa ry .  For a c i d ,  use 5,000 

g a l .  of  FE a c i d  wi th  250 g a l .  of OWG d i v e r t e r  followed 

by 10,000 g a l .  of r e g u l a r  HF a c i d .  

F igure  9-2 is  a schemat ic  drawing of  t h e  proposed d i s p o s a l  w e l l  completion. 
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CASING HEAD 3000 PSI W. 13 3/8" O.D. CASING - 9 5 / 8 " O . D .  CASING 

SURFACE WELL H E A D  

DOWNHOLE WELL S E T T I N G  

'1 30" Conductor Pipe at 4 0 '  

20" CSG SET AT 236 '  IF 13 3/8" CSG. SET AT 3415' 

:: OLD PERFS. 4390'-  4400' S Q U E E Z E D  

DISPOSAL P E R F S .  4800' - 4900' 

C R O W N  Z E L L E R B A C H  W E L L  N0.I 
.PROPOSED D I S P O S A L  W E L L  COMPLETION 

F i g u r e  9-2  
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Ac c o m  t i n  g 
Code 

02 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

24 

TABLE 9-1 

ESTIMATED COST TO RE-ENTER 

AND COMPLETE DISPOSAL WELL 

MARTIN CROWN ZELLERBACH WELL NO. 1 

Eaton Industries of Houston. Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

I t e m  

F i e l d  Labor 

S i t e  

D r i l l i n g  

Tangible 

Expendables 

- 

Cementing 

P e r f . ,  Acid 

Equip. Renta l  

Con t rac t  S e n .  

F r e i g h t  & Trans.  

Other 

Insurance  

Consul tan  t s 

Land Use 

Tes t ing  

TOTAL 

Eaton Operating Co., Inc. 
3100 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 

-105- 

O r i g i n a l  
Es t imate  

$ 13,000 

22,000 

80 , 000 

6,000 

30 , 000 

-0- 

45 , 000 

9,000 

11 , 000 

11,000 

11,000 

-0- 

-0 - 
85 , 000 

-0- 

$323,000 
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10 .o SURFACE PRODUCTION AND TEST FACILITIES - 

The s u r f a c e  t es t  f a c i l i t i e s  a r e  designed t o  produce and i n j e c t  the  w e l l  

e f f l u e n t  cont inuous ly  and t o  o b t a i n  the  d a t a  as desc r ibed  i n  Sec t ion  11.0 

of t h i s  book. The des ign  i n c o r p o r a t e s  the  necessa ry  s a f e t y ,  c o r r o s i o n ,  and 

environmental  p r o t e c t i o n  f e a t u r e s .  Design c r i t e r i a  a r e :  

e Wellhead Working P r e s s u r e  10,000 P S I  

0 Flow Line  Shut-In P r e s s u r e  6,000 PSI  

Temperature 350'F 

e Well E f f l u e n t  15,000 BWPD 

e Natu ra l  Gas Content Un 1 i m i  t e  d 

0 H2S 50 PPM 

e c02 22% 

The p r e s s u r e  r e l i e f  and bypass l i n e s  w i l l  d i s cha rge  e i t h e r  t o  the  reserve 

p i t  o r  t o  s teel  ho ld ing  t anks .  A p i lo t -ope ra t ed  gas f l a r e  w i l l  be l o c a t e d  

a s a f e  d i s t a n c e  from the  w e l l s  and f a c i l i t i e s .  

ves,sels w i l l  be designed i n  accordance w i t h  a p p l i c a b l e  codes , s t anda rds  

and r e g u l a t i o n s .  

The p ip ing ,  va lves  and 

10.1 Main Process  Equipment 

F igure  10-1 i s  a schematic diagram of  t h e  s u r f a c e  t es t  equipment. The w e l l  

stream w i l l  e n t e r  t h e  flow l ine  a t  a p o i n t  where t h e  two flow loops connect.  

The flow rate ,  p r e s s u r e ,  and. temperature w i l l  be measured be fo re  the  w e l l  

stream e n t e r s  t h e  choke mani fo ld .  F l u i d  samples can be obta ined  ahead of 

the  choke manifold and b e f o r e  t h e  primary chemical i n h i b i t o r  i n j e c t i o n  p o i n t .  

Eaton Industries of Houston, Inc. 
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The s e p a r a t o r  w i l l  be  a convent iona l  w e l l  test  s e p a r a t o r .  The gas w i l l  

be f l a r e d .  The b r i n e  w i l l  pass through a flow meter manifold and a 

- 

f i l t e r i n g  system be fo re  e n t e r i n g  the  d i s p o s a l  w e l l .  

The s e p a r a t o r ,  f i l t e r s  and chemical pumps w i l l  be taken from D.O. E .  s t ock  

f o r  an e s t ima ted  r educ t ion  i n  r e n t a l  c o s t  of $69,500 f o r  t h e  a n t i c i p a t e d  

21  day test  per iod .  This equipment w i l l  a l s o  be u t i l i z e d  on f u t u r e  t e s t s  

i n  l i e u  of  r e n t a l  equipment t o  o b t a i n  a d d i t i o n a l  c o s t  r educ t ions .  

10.2 S a f e t y Cons i de r a t  ions  

The tes t  w e l l  Christmas t r e e  w i l l  be equipped wi th  two f a i l  s a f e  c l o s i n g  

pneumatic s a f e t y  g a t e  va lves .  The s a f e t y  va lves  w i l l  c l o s e  should p re s su res  

i n  the  product ion system reach p re - se t  va lues .  

a l s o  be manually a c t i v a t e d  a t  a s a f e  d i s t a n c e  from the  t es t  w e l l .  An 

a c t i v e  mud system w i l l  be  i n s t a l l e d  on l o c a t i o n  s o  t h a t  mud can be pumped 

down the  tub ing  s t r i n g  t o  k i l l  t h e  w e l l  i f  necessary .  

The pneumatic system can 

A l l  t e s t  equipment w i l l  be p re s su re  t e s t e d  p r i o r  t o  flow. There w i l l  be 

s e v e r a l  r e l i e f  and by-pass l i n e s  t o  t h e  p i t .  Caution s i g n s  w i l l  be  posted 

t o  warn v i s i t o r s  of the h igh  p r e s s u r e ,  h igh  temperature  p ipes  and v e s s e l s .  

Personnel  w i l l  be r equ i r ed  t o  wear h a r d  h a t s .  

A d e t a i l e d  H2S s a f e t y  program and emergency eva lua t ion  p lan  are shown i n  

E x h i b i t  “A”. 

Eaton Industries of Houston, Inc. 
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10.3  Sand Cons idera t ions  

Sand product ion  could cause e r o s i o n  i n  t h e  wel lhead ,  process  l i n e s ,  - -  

chokes,  c o n t r o l  v a l v e s ,  and p a r t i a l  plugging of o t h e r  equipment. 

A sand d e t e c t o r  probe w i l l  be i n s t a l l e d  t o  monitor sand product ion  

and t h e  w e l l  stream w i l l  be  d i v e r t e d  t o  t h e  p i t  i f  sand product ion  

i s  s i g n i f i c a n t .  

10.4 Corrosion and Sca l ing  

The w e l l  stream i s  expected t o  be of low s a l i n i t y  and s c a l i n g  should  

not  b e  a major problem. A s c a l e  i n h i b i t o r  can b e  p laced  i n t o  t h e  

flow system a t  t h e  bottom of  t h e  tub ing  and/or  upstream of  t h e  

choke manifold.  

Corros ion  from hydrogen s u l f i d e  may become a problem dur ing  t e s t i n g .  

Carbonic a c i d  ( f r o m  C02) might a l s o  cause  co r ros ion .  

co r ros ion  i n h i b i t o r s  w i l l  be  p laced  i n t o  t h e  flow s t r eam a t  t h e  bottom 

Water-soluble 

of t h e  tub ing  and/or  up stream of t h e  choke manifold.  

10.5 Contingency P lan  

The cont igency p l an  f o r  t h e  t es t  equipment i s  shown i n  F igure  10-2 

followed by a n a r r a t i v e  of t h e  p l an .  

Eaton Industries of Houston, Inc. 
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FAULT TREE ANALYSIS 
OF START UP OF PRODUCTION TEST EQUIPMENT 

OiRIS i > k S  
TREE 

- .  

REPAlB REPAIR 
RESTART REPAIR RESTART 
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CONTINGENCY PLAN - 

The s o l u t i o n s  t o  p o s s i b l e  f a i l u r e s  o r  problems l i s t e d  below depend on the  

p a r t i c u l a r  phase of each p o r t i o n  of  t h e ' t e s t  a t  t h e  t i m e  t h e  problem occurs .  

Cri t ical  Tes t  Equipment 

Problem 

1. Christmas Tree 

2. Flow Meter 

3 .  Choke Manifold 

4 .  Data Header 

5. Sepa ra to r  

S o lu t i on 

A. Flow through oppos i t e  s i d e  u n t i l  r e p a i r s  made. 

B.  Shut-in w e l l ,  make r e p a i r s ,  r e s t a r t  t e s t .  

A. 

B .  

C.  Shut-in w e l l ,  make r e p a i r s ,  restart tes t ,  o r  

Continue t e s t  and r e l y  on o t h e r  two flow meters. 

Flow t o  p i t  and r e p a i r .  

con t inue  t e s t .  

A. 

B.  Repai r  and swi tch  flow back from a l t e r n a t e  loop. 

C. Shut-in w e l l ,  make r e p a i r s ,  r e s t a r t  t e s t  o r  

Continue t e s t  through a l ternate  loop. 

con t inue  t es t .  

A. Continue tes t  through a l t e r n a t e  loop. 

B.  SKut-in well, r e p a i r ,  res tar t  o r  con t inue  t es t .  

A. By-pass s e p a r a t o r  t o  f i l t e r  o r  p i t  and con t inue  

test ,  can measure a l l  f l u i d s  except  gas volume. 

Shut-in o r  by-pass s e p a r a t o r  t o ' p i t  o r  f i l t e r ,  B. 
' 

r e p a i r ,  con t inue  o r  restart test. 

C. Replace s e p a r a t o r  and con t inue  o r  res tar t  t e s t .  
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Problem 

6. Gas Meter 

Solution 

. By-pass and repair. 

B. By-pass and continue test. 

C. Shut-in, repair and restart or continue test. 

7 .  Flow Meters A. Continue test through alternate meter while 
(Calibration 
Mani f o 1 d) repairing. 

B. Shut-in well, repair and restart or continue 

test. 

C. By-pass to pit and continue test. 

8. Filter Unit A. Continue test through alternate loop. 

B. Shut-in well, repair and restart or continue test. 

C. By-pass to pit and continue test. 

9. Salt Water A. Shut-in well, repair and restart or continue 
Disposal Wellhead 

test. 

B. By-pass to pit and continue test. 

10. Salt Water A. Shut-in test well, perform remedial work on 

disposal well, restart or continue test. 

By-pass t o  pit and continue test. 

Disposal Well 

B. 

11. Subsurface Bottom A.  Shut-in well, replace and restart test. 
Hole Pressure and 
Temperature Gauges B. Continue test. 

Eaton Industries of Houston, Inc. 
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NON-CRITICAL TEST EQUIPMENT 

. The fo l lowing  l i s t  covers n o n - c r i t i c a l  t e s t  equipment t h e  l o s s  of which 

should no t  cause shut-down of the  tes t .  

r ep laced  du r ing  a c t u a l  t e s t i n g  o r  du r ing  a scheduled shu t - in  pe r iod .  

The complete l o s s  f o r  an extended t i m e  o r  through a p a r t i c u l a r  phase of  

t h e  tes t  should  n o t  adve r se ly  a f f e c t  t h e  o v e r a l l  tes t .  

These i t e m s  could be r e p a i r e d /  

1. 

2.  Primary Sample Line.  

Dead Weight Tester a t  Wellhead of T e s t  Well. 

3 .  Primary I n h i b i t o r  I n j e c t i o n  P o i n t .  

4 .  Sand De tec to r .  

5. Su r face  Sample and Gauge P o i n t s .  

6.  Various Valves. 

7. C a l i b r a t i o n  Tanks. 

8. C a l i b r a t i o n  Pump. 

9 .  S a l t  Water Disposa l  Well P r e s s u r e  Recorder. 

10.6 Typical Equiprnent 

A cutaway drawing of a t y p i c a l  g a t e  va lve  u t i l i z e d  on a Christmas t r e e  is 

shown i n  F igure  10-3. Sur face  s a f e t y  system diagrams and equipment drawings 

a r e  shown i n  F igure  10-4. 
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W-K-M POW-R-SEAL GATE VALVE 

FIGURE 10-3 
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P) 

TYPICAL W-K-M SURFACE S A F E M  SYSTEM 

11 Sal-T-Gard Actuator I SEPARATOR AIR SUPPLY -. 

LO PILOT 1,000 P S  

DATA HEADER 

HI PILOT 6 0 

FAIL-SAFE CLOSED OPERATION 

Open: Actuator Input pres.' 
eure aOainst plslon drlves 
reverse-porled gale lnlo 
open positlon. 

Cloned: As actualor pre, 
sure exhausts from Cyll* 
dor, valve body pressur0 
agalnst actuator  stem 
closes valve. In obsenw 
01 body prcssura. actualor 
spring wlll close valve. 

PSI 

NITROGEN SUPPLY 
AND SHUT-IN 
SWITCH 

knl- 

-W.l 



11.0 WELL TEST 

11.1 T e s t  Procedure 

The tes t  opera t ion  w i l l  commence when the su r face  tes t  equipment i s  in-  

s t a l l e d  as shown i n  Figure 10-1 and made opera t iona l .  Both the  tubing and 

casing w i l l  be full of b r ine .  The tes t  w i l l  then proceed as ou t l ined  below 

i f  e a r l y  i n t e r p r e t a t i o n s  so  i n d i c a t e  as determined by the  on-si te  r e s e r v o i r  

engineer .  Minor adjustments t o  the procedure may be deemed necessary,  

however . 
A .  Run Hewlett-Packard pressure  and temperature t r a n s m i t t e r  t o  

middle of pe r fo ra t ions .  a t  approximately 16,736 f e e t .  Obtain 

pressure  and temperature measurement every 1000 f e e t  while  

going i n  ho le .  Af t e r  reaching depth,  w a i t  f o r  pressure  and 

temperature readings t o  s t a b i l i z e  and p u l l  t r a n s m i t t e r  i n t o  

tubing. Switch t o  pressure  t r a n s m i t t e r  only i n  tubing a t  

a depth of approximately 16,600 f e e t  and commence product ion 

tes ts  . Surface recording p res su re  and temperature gauges t o  

be i n  opera t ion  continuously.  

Open well a t  uniform ra te  over a 30 second per iod t o  a production B. 

r a t e  of  2400 B/d. Separator  w i l l  be  bypassed, as necessary,  

u n t i l  the  sand de tec to r  i n d i c a t e s  t h a t  the flow stream i s  f r e e  

of sand and completion debr i s .  

C. Commence flow through the  sepa ra to r  and maintain constant  produc- 

t i o n  rate of 2400 B/d u n t i l  r a d i a l  flow i n  the r e s e r v o i r  has been 

d e f i n i t e l y  e s t a b l i s s e d  as  determined by ana lys i s  of the pressure  

dec l ine  da t a  by the  r e s e r v o i r  engineer  on loca t ion .  
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D. Begin next  flow t e s t  by opening choke over 30 second per iod t o  

a cons tan t  flow r a t e  of 5,000 B/d. Bypass sepa ra to r  when pro- 

duced volume i s  near  the  annular  volume and continue t o  bypass 

the  sepa ra to r  u n t i l  the  sand de tec to r  i nd ica t e s  the  flow stream 

t o  be f r e e  of sand o r  deb r i s .  Then resume flow through the 

sepa ra to r .  

approximately 5 days. 

to red  by the r e s e r v o i r  engineer  conducting the test. 

Open the choke over a 30 second per iod t o  flow r a t e  of 10,000 B/d. 

Again bypass sepa ra to r  when bottoms come up u n t i l  the  sand de tec to r  

i nd ica t e s  t he  flow stream t o  be f r e e  of sand and debr i s .  

I f  w e l l  bore mechanics and r e s e r v o i r  a r e  capable of  producing a t  

a cons tan t  ra te  above 10,000 B/d then open choke t o  the h ighe r  

rate from the 10,000 B/d rate without  s h u t t i n g  i n  the w e l l .  

Once the flow has s t a b i l i z e d  a t  t h i s  r a t e  and r a d i a l  flow has 

been e s t ab l i shed  then flow a t  t h i s  constant  rate f o r  approximately 

24 hours.  

Shut i n  well from high flow by gradual ly  c los ing  the  choke over 

a 30 second per iod.  

build-up f o r  a t  least  24 hours .  

- 

Flow the w e l l  a t  a cons tan t  r a t e  of  5,000 B/d f o r  

Progress of the  t e s t  w i l l  be c lose ly  moni- 

E. 

F. 

G. 

Continue t o  measure bottom ho le  pressure  

H. Remove Hewlett-Packard gauge from w e l l .  I f  condi t ions warran t ,  

make pressure  and temperature measurements on even 1000 f e e t  

i n t e r v a l  while  coming out  of t h e  w e l l .  

gauge i s  a t  the wellhead, make a cross  check with the wellhead 

When the  Hewlett-Packard 

pressure  gauge. 
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RESERVOIR LIMIT TEST 

. RESERVOIR DUNDOWN TEST 
FUR 

CEOTIIERMAL-CEOPRESSURED WELL 

Teat Date: Type Test: Lease and Well No. 
Producing Formation: 

Role Size: Casing Size: Tubing Size: 
Cumulative Production: 
Constant Rate Production: 
Total Production Life: 

Beservoir Temperature: 9 Net Pay: ft. Perfs: 
cg C?S Pw cps Bw R.B./B Bg 

Q psi/cycle P at 1 hour sg 

Calculation of kh (md-ft) and k (md): 

Field: 

State: 
Gas Gravity: , 2: 
(Bbls./Day) Water Salinity: PPM Total Solids 

Ft3/Bbl. Days Porosity, qi : Gas-Water Ratio 

ft. 
R. B . /MCF 

x10- cr x10-6 cg Xlo-6 cw x10-6 c, 

sv Pi 

md-ft ) (  I/( ) =  kh ~‘162.6 ( 

mds k laud-f t/( ) ft - 
I =  Res. Bbl./UCF Bg = ( )( .34279/( 

Due to Skin. AP skin 

1 

A P  skin E (0.87)(s)(m) = psi 

A P  skin (0.87)( I( I =  pa i 
Diffusivity, 
q e -006328 (k)#/ACT 

I). .006328 ( I/(  ) =  ft2/day 

Calculation of Productivity Index (B/D-psi) and Completion Efficiency, CE 

P 
B b l s .  /D-ps i  J ( Idea l )  - 2 * (  ) 

(Pi - Pf) - A P  skin ). - 
x cE I OB J (actual) ( 1 

J (ideal) ( I .  

Distance to Barriers or Discontinuities, d d - 2 c  

d - 2t/( 1 X G (  . 1 s  
. .  

t m Plov Jones Y Bbls. of Aquifer 
time.days E d, ft. (psi/cycle) . Function Explored or tested 

FIGURE 11-1 

Eaton Industries of Houston, Inc. 
Inc. 





11.2 Test Analysis Methods 

The b a s i c  tes t  ana lys i s  t o  be conducted by the  r e s e r v o i r  engineer  on loca- 

t i o n  w i l l  c o n s i s t  o f  p l o t t i n g  the bottomhole pressure  as  a func t ion  of the 

logari thm of t i m e .  On t h i s  type of p l o t ,  r a d i a l  flow i n  the r e s e r v o i r  i s  

ind ica t ed  by a s t r a i g h t  l i n e  p l o t  on the  graph. 

segments and breaks i n  the  s lope and o f f s e t s  a r e  then i n t e r p r e t a t e d  by the  

r e s e r v o i r  engineer  a s  t o  t h e i r  s ign i f i cance .  For da t a  t h a t  follow usual  

flow r a t e  r e s e r v o i r  mechanics, the permeabi l i ty  and r e s e r v o i r  l i m i t s  can 

be evaluated by performing the ca l cu la t ions  on the form showed i n  Figure 

11-1. Should unusual o r  unexpected flow behavior be observed, then more 

d e t a i l e d  o r  d i f f e r e n t  ana lys i s  may be necessary.  

D i f f e ren t  s t r a i g h t  l i n e  

Figure 11-2 graphica l ly  shows the ca l cu la t ions  f o r  d i f f e r e n t  assumptions 

of  permeabi l i ty .  

using a r a d i a l  flow r e s e r v o i r  s imulator .  Figure 11-3 is  a p r i n t  out  of 

one of  the  ca l cu la t ions .  These ca l cu la t ions  i n d i c a t e  t h a t  the w e l l  

should be ab le  t o  fdow a t  18,000 BWPD assuming good w e l l  completion 

e f f i c i e n c y  and a permeabi l i ty  of a t  least  50 md. 

Some prel iminary production ca l cu la t ions  were made 
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Figure 11-3 
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11.3 Data A c q u i s i t i o n  

Data c o l l e c t i o n  p o i n t s  are i n d i c a t e d  on Figure  10-1 by c i r c l e d  l e t t e r s  and 

are l i s t e d  below. 

Data P o i n t  D e s c r i p t i o n  

A. Bottom Hole P r e s s u r e  and Temperature 

( H e w l e t t  Packard Quartz  C r y s t a l  

P r e s s u r e  Gauge) 

B. 

C .  

D. 

E .  

F. 

G. 

Surface  P r e s s u r e  Gauges and Dead 

Weight Tester 

(Panex 0 - 5000 p s i  Gauge) 

(Gould 0 - 5000 p s i  T r a n s m i t t e r )  

F l u i d  Flow Meter 

(3" Camco Turbine Meter) 

F l u i d  Flowing Temperature 

(Foxborrough 0 - 400 F Transmitter) 0 

Primary F l u i d  Sampling Line 

(1/4" NPT Threads) 

F l u i d  Sand Content  D e t e c t o r  

(OIC Sand Systems Sonic  Sand D e t e c t o r )  

Scale-Corrosion Coupon (Baroid S tandard  

Coupon) 
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H .  

I. 

J. 

K. 

L. 

Separa tor  Pressure  

(Gould 0 - 2000 p s i  Transmi t te r )  

Separa tor  Temperature 

(Foxborrough 0 - 400°F Transmi t te r )  

Gas Sample Point  

(1/4" NPT Threads) 

Gas Orf ice  Meter d P  

(Gould 0 - 400" H 0 Transmi t te r )  2 

Fluid  Flow Meters 

(3'' Hal l ibur ton  Turbine Meters) 

M. 

N. 

Disposal Well I n j e c t i o n  Pressure  

(Gould 0 - 5000 p s i  Transmi t te r )  

Disposal  Well Water Temperature 

(Foxborrough 0 - 400°F Transmi t te r )  

. .  . .  , . 

Figure 11-4 i s  a copy of. the  f l o o r  p l an .o f  t he  IGT mobile t r a i l e r .  The f r o n t  

end con ta ins  the  on-si te  chemieal labora tory .  

area and the  rear s e c t i o n  i s  the  e l e c t r o n i c  d a t a  ga ther ing  system. 

The mid-section i s  a work 

The 
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new chemical equipment, t he  pressure  and temperature sensors  f o r  t he  su r face  

equipment and the  s t r i p  cha r t  recorders  have a l l  been f i e l d  t e s t e d  on t h e  

Girouard w e l l  t e s t  and a r e  working s a t i s f a c t o r i l y .  

A schematic of t h e  o v e r a l l  d a t a  a c q u i s i t i o n  system i s  shown i n  Figure 11-5. 

The system i s  a computer based d i g i t a l  system wi th  some analog back up. 

The system a l s o  operates  v i a  the  IEEE-488 (HPIB) communications bus so  

t h a t  i t  w i l l  be compatible with H e w l e t t  Packard equipment and o the r  d i g i t a l  

systems t h a t  use  t h i s  same s tandard .  It  has the  c a p a b i l i t y  of performing 

some da ta  reduct ion  and ana lys i s  i n  the  f i e l d .  

and temperature w i l l  be obtained from t h e  s e r v i c e  company i n  the  same format, 

Since the  bottom ho le  pressure  

it g r e a t l y  f a c i l i t a t e s  t h e  da t a  a c q u i s i t i o n  and repor t ing .  

11.4 Chemical Analysis 

A. Sample Col lec t ion  

The b r ine  samples from the  w e l l  w i l l  be co l l ec t ed  i n  th ree  Teflon- 

l i ned  s t a i n l e s s  steel  cy l inders  of 500-ml capaci ty .  For sampling, 

the  cy l inders  w i l l  be l inked i n  s e r i e s  t o  the sampling por t .  An 
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DATA ACQUISITION SYSTEM 
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- 
a l t e r n a t i v e  method would be t o  c o l l e c t  b r ine  i n  one cy l inde r  a t  

a t i m e .  The cy l inders  w i l l  be f lushed with seve ra l  volumes of  

b r ine  t o  purge the  a i r  from the cy l inders  before  the  sample i s  

taken. The valves  on the cy l inders  w i l l  be c losed,  o u t l e t  

f i r s t ,  i n l e t  l a s t ,  t o  t r a p  and s e a l  the sample under pressure .  

The sample cy l inders  w i l l  be cooled t o  near  ambient temperature 

before  ana lys i s .  

u n t i l  the  sardple i s  ready f o r  analysis .  

The pressure  i n  each cy l inder  w i l l  be maintained 

The th ree  s t e e l  cy l inders  , ( A ,  B ,  and C) , of RU b r ine  a r e  t o  

be used f o r  pH and s p e c i f i c  conductance (Cylinder A ) ,  a l k a l i n i t y  

(Cylinder  B), and f o r  gas ana lys i s ,  t o t a l  d i sso lved  C O Z Y  includ- 

ing  carbonate and bicarbonate  spec ies  , and s u l f i d e  (Cylinder C). 

Brine samples are a l s o  t o  be co l l ec t ed  i n  p l a s t i c  b o t t l e s  cleaned 

f i r s t  wi th  d i l u t e  HN03(1:5) and r insed  four  t i m e s  wi th  deionized 

water. Brine co l l ec t ed  i n  these conta iners  w i l l  f i r s t  be passed 

through a loose plug of g l a s s  w o o l  t o  reduce o r  remove o i l y  mat ter .  

The samples i n  these  b o t t l e s  w i l l  be used f o r  temperature measure- 

ments and f o r  tests r equ i r ing  raw a c i d i f i e d  (RA), f i l t e r e d  un- 

t r e a t e d  (FU) , and f i l t e r e d  a c i d i f i e d  (FA) samples. 
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Treatment . 

RU (Raw, un t rea ted)  

RA (Raw, a c i d i f i e d  with 3 m l  
HNO 3 / 1 i t e r  

FU ( F i l t e r e d  through 0.45 m mem- 
brane , un t rea t ed )  

FA ( F i l t e r e d  through 0.45 m mem- 
brane,  a c i d i f i e d  with 1:l HN03 
t o  apH of 1.5. Note the amount 
of ac id  used) 

Tests - -  

ph, Temperature, Tota l  Dissolved 
C02, A l k a l i n i t y ,  Spec i f i c  
Conductance, Suspended S o l i d s ,  
Su l f ide  , Gas Analysis 

Radioac t iv i ty  

Dissolved So l ids ,  B y  C1-,  F , "3, 
S i02 

A s ,  B a y  Cay Cd, C1-,  C r y  Cu, Fey 
K ,  Mg, Mn, N a y  Pb, SO4, S r ,  Zn 

B. TEST PROCEDURES FOR L I Q U I D  SAMPLES 

1. pH 

U s e  a pH meter wi th  automatic temperature compensation. Ca l ib ra t e  the 

pH meter wi th  pH bu f fe r s  of 7.0 and 4.0. 

sample from Cylinder A i n t o  a beaker and record the pH immediately. 

Do n o t  s t i r  t h e  sample. The pH may d r i f t  down, then up, as t he  s o l u t i o n  

Drain a po r t ion  of the 

exsolves C02; record thq lowest pH reading. 

2 .  Temperature 

Record the flowing b r i n e  temperature and measure the temperature of the  

b r ine  i n  a f r e s h l y  f i l l e d  bot t le .  o r  conta iner .  

3. Spec i f i c  Conductance 

U s e  a c m e r i c a l  instrument t h a t  has been c a l i b r a t e d  with K C 1  a t  

var ious temperatures f o r  s p e c i f i c  conductance.  Record the  temperature 

of t he  b r ine  and the  s p e c i f i c  conductance i n  mhos/crn. 
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- .  
4. Suspended Sol ids  

Weigh a p iece  of 0.45 um membrane f i l t e r ,  then f i l t e r  a measured volume of 

sample through the  membrane. Dry the f i l t e r  a t  l l O ° C  and r epor t  suspended 

s o l i d s  i n  mg/l. 

emission spectrographic  ana lys i s .  

5a. A l k a l i n i t y  

Save the  ma te r i a l  f o r  poss ib le  x-ray d i f f r a c t i o n  o r  

P ipe t  50.00 m l  of the sample b r i n e  from Cylinder B i n t o  a 250 m l  beaker. 

Place the  e l ec t rodes  of a c a l i b r a t e d  pH meter i n t o  the sample and t i t r a t e  

with 0.02 N H2SO4. Add the s tandard ac id  i n  increments of 1 t o  2 m l  a t  

the beginning of the  t i t r a t i o n  and change the increments t o  0.25 t o  0.50 

m l  a t  pH = 5.0.  The incremental  volumes should be determined by the a c t u a l  

t i t r a t i o n  and the speed with which the  pH i s  changing. T i t r a t e  the solu- 

t i o n  u n t i l  the pH i s  2.0.  

end poin t  g raph ica l ly  from a p l o t  of pH versus m l .  

Tabulate values  of pH and m l  and determine the  

Calcu la te  and r epor t  the  a l k a l i n i t y  as  mg H C O g / l i t e r .  

determines t h e  t o t a l  a l k a l i n i t y ,  inc luding  the  po r t ion  a t t r i b u t a b l e  t o  

This procedure 

organic  anions. 

5b, Tota l  cO7 

2 The b r ine  i n  Cylinder C i s  used t o  determine t o t a r  d i sso lved  CO 

(d isso lved  C02 and HC03) a f t e r  the  gas has  been f lashed  o f f  f o r  

GC ana lys i s .  

volumetr ic  cy l inder  t o  determine the  b r ine  volume f o r  the  gas t o  

The b r ine  i s  drained from the  steel cy l inde r  i n t o  a 

b r i n e  r a t i o .  Af t e r  measuring the  volume, the b r i n e  i s  immediately 
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made a l k a l i n e  t o  phenolphtha le in  w i t h  drops of 10 M NaOH (40 g 

NaOH t o  about  100 ml) .  T r a n s f e r  50 m l  o f  t h i s  s o l u t i o n  t o  t h e  

carbonate  t r a i n .  Add about  30 m l  o f  water, a c i d i f y  w i t h  30 t o  

40 m l  o f  1:l H C 1 ,  and purge t h e  C02 i n t o  t h e  t a r e d  N e s b i t t  bu lb  

w i t h  n i t r o g e n  f o r  1 hour .  

- 

Reweigh t h e  N e s b i t t  bulb f o r  t h e  

weight  g a i n  due t o  C02. Report  as  mg C 0 2 / l i t e r .  

fi. Chlor ide  

P i p e t  1.00 m l  o f  t h e  sample (FU f o r  on-s i te  a n a l y s i s  immediately 

a f t e r  c o l l e c t i o n  o f  FA-HN03 f o r  l a t e r  a n a l y s i s )  i n t o  a 125 m l  

Erlenmeyer f l a s k  and d i l u t e  t o  approximately 50 m l .  

o f  K2Cr04 i n d i c a t o r  s o l u t i o n  ( 5  g K2Cr04/100 m l  de ionized  w a t e r )  

and t i t r a t e  w i t h  0 .1  N AgN03 o r  e q u i v a l e n t  u n t i l  t h e  end p o i n t  

p e r s i s t s .  Report  as mg C l - / l .  

Add 10 drops 

- 

7 .  S i l i c a  

S i l i c a  may be determined d i r e c t l y  from FU samples on-s i te  i f  t h e  

de te rmina t ion  i s  made soon a f t e r  c o l l e c t i o n .  Some p r e c i p i t a t i o n  

of s i l i c a  may occur  if t o o  much t i m e  elapses between co l l ec t ion  and 

a n a l y s i s .  To prevent  p r e c i p i t a t i o n  of  s i l i c a ,  c o l l e c t  two FU samples 

d i l u t e d  1:l and 1:4 w i t h  d i s t i l l e d  water. 

should be determined i n  both d i l u t i o n s ;  agreement between t h e  two 

The amount of s i l i c a  

d i l u t i o n s  i s  evidence t h a t  no p r e c i p i t a t i o n  of s i l i c a  occurred .  . .  

Volumes i n  t h e  fo l lowing  procedure a r e  based on the  d e t e r m i n a t i o n  

o f  s i l i c a  i n  t h e  u n d i l u t e d  FU samples.  

f o r  t h e  de te rmina t ion  i n  t h e  d i l u t e d  samples. 

Some adjustments  must be made 
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each beaker  a t  700 nm i n  1 cm. Use t h e  b lank  a s  a r e f e r e n c e .  

P l o t  t h e  d a t a  and g r a p h i c a l l y  determine t h e  Si02 c o n c e n t r a t i o n .  h .  

i. Report  mg Si02/1 .  

Eaton Industries of Houston, Inc. 

a. P i p e t  1.00 ml of sample i n t o  a beaker .  Add 10 m l  of 

de ionized  water . - -  

b .  P i p e t  1.00 m l  o f  each s t a n d a r d  i n t o  a beaker .  Add 10 m l  

of N a C l  s o l u t i o n  (same c o n c e n t r a t i o n  as  sample) t o  each 

beaker  c o n t a i n i n g  s t a n d a r d s .  

c. P r e p a r e  a b lank  by adding 11.00 ml o f  NaCl s o l u t i o n  i n  a 

beaker .  

d. P i p e t  i n t o  each of t h e  beakers  i n  s t e p s  1-3: 

1. 

2 .  

3.  5.00 m l  of ammonium molybdate s o l u t i o n  (52 g 

5.00 m l  o f  1.0 - N H C 1  

5.00 m l  o f  Na2EDTA s o l u t i o n  (10 g / l )  

(NH4)6M07024'4H20 i n  de ionized  water ,  a d j u s t  pH 

t o  7-8 w i t h  10 M NaOH, d i l u t e  t o  1 L wi th  de ionized  

water .  F i l t e r  through 0.45 um membrane f i l t e r  i f  

necessary .  

- 

e.  Wait 5 minutes and add 500 m l  o f  H C H 0 ( t a r t a r i c  a c i d )  2 4 4 6  

s o l u t i o n  (100 a l l >  t o  each beaker .  Mix. 

f .  Wait 2 minutes and add 10.00 m l  of Na SO s o l u t i o n  (170  g/l) 2 3  

t o  each beaker .  Mix. . 

g. Wait 30 minutes  and r e a d  t h e  absorbance of  t h e  c o n t e n t s  o f  



8. Dissolved So l ids  

P i p e t  a volume of sample containing<200 mg d isso lved  s o l i d s  i n t o  a 

pre-weighed container .  Evaporate t h e  l i q u i d  over a steam bath o r  

i n  an oven (-8OoC), then dry a t  18OoC f o r  two hours o r  u n t i l  con- 

s t a n t  weight i s  obtained. 

s o l i d s / l .  

Report d i sso lved  s o l i d s  as mg disso lved  

Alerna t ive ly ,  the  dissolved s o l i d s  content  may be ca l cu la t ed  by 

adding the  concentrat ions found f o r  the ca t ions  and anions.  Convert 

( ~ ~ 0 3 - 1  t o  (c03-1 f o r  ca l cu la t ion .  
- 

9.  Boron 

P ipe t  2.00 m l  of sample i n t o  a 30 m l  Teflon ( o r  p l a s t i c  bu t  no t  

g l a s s )  beaker.  Prepare a blank by p i p e t t i n g  1.8 m l  of deionized 

water i n t o  a Teflon beaker.  Prepare s tandard  boron s o l u t i o n s ,  of 

0.01 and 0.025 mg B / l .  To blank and s tandard s o l u t i o n s ,  add 0.2 m l  

of s i l i c a  s tandard  (same concentrat ion as  sample). Adjust  the volume 

of  t h e  s tandards of 2.00 m l .  To blank,  s tandards ,  and samples, add 

two drops o f  concentrated H C 1  and two drops of  concentrated H2SO4. 

Allow t o  cool ,  add 10.00 ml’carmine s o l u t i o n  (0.5 g c a r m i n e / l i t e r  

o f  concentrated H2SO4) t o  blank,  s t anda rds ,  and sample. Allow t o  

s tand  f o r  1 hour. S e t  spectrophotometer t o  600 nm. Use a 1 inch 

c e l l  and read the  absorbance of each sample wi th  the blank as  a 

reference.  Determine boron g raph ica l ly  and r e p o r t . a s  mg B / 1 .  
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10. Su l f ide  
- 

The remaining a l k a l i n e  b r ine  s o l u t i o n  from Cylinder C i s  used f o r  

t he  s u l f i d e  determination. Use a s p e c i f i c  ion  e l ec t rode  and follow 

the  manufacturer 's  i n s t ruc t ions .  

11. Flouride 

U s e  a s p e c i f i c  ion  e l ec t rode  and follow the manufacturer ' s  i n s t r u c t i o n s .  

12. I r o n  - 
Determine d i r e c t l y  by atomic absorpt ion spectrometry.  

13. Barium 

Measure with atomic absorpt ion.  

14. S u l f a t e  

Prepare a chromatographic column as follows : Wash 80-200 mesh chroma- 

tographic  grade alumina with deionized water. 

decant the  supernatant  l i q u i d ,  and repea t  the washing procedure u n t i l  

t he  superna tan t  l i q u i d  i s  c l e a r .  

tographic  column, wash with 50 m l  of 1 - M ammonium hydroxide,  s e v e r a l  

5 m l  po r t ions  of 0 .1  - M ammonium hydroxide,  and 50 m l  of deionized water. 

Wash with 10 m l  o f  1 M H C 1  f o r  the  f i n a l  wash. 

Allow alumina t o  s e t t l e ,  

Transfer  t he  alumina t o  a chrorna- 

Acidify the  sample with 30% H C 1  t o  pH=0.5-1.0. Run the  sample through 

the  previously prepared chromatographic 'column, wash with 10 m l  of 

1 M HC1 followed.with a t o t a l  of 25 m l  of deionized water added i n  

seve ra l  por t ions .  E lu t e  the s u l f a t e  from the  column by adding 5 m l  

of 1 - M ammonium hydroxide followed by 20 m l  of 0 .1  ,M ammonium hydroxide. 

Add an add i t iona l  20 m l  of 0 .1  - M ammonium hydroxide i n  5 m l  por t ions .  

- 
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Wash w i t h  25 ml of  de ionized  water. Do n o t  a l low t h e  column 

t o  become d r y .  N e u t r a l i z e  t h e  e l u t e d  sample w i t h  d i l u t e  H C 1  

and add 1 m l  d i l u t e  H C 1  i n  e x c e s s ,  then d i l u t e  t o  approximately 

200 m l  w i t h  de ionized  water. Treat w i t h  0.25 M BaC12 s o l u t i o n .  

D i g e s t  t h e  p r e c i p i t a t e  f o r  two h o u r s ,  c o o l ,  f i l t e r ,  ash t h e  

paper ,  and h e a t  i n  a muff le  furnace  ( lOOO°C)  u n t i l  c o n s t a n t  

weight  i s  a t t a i n e d .  

- 

- 

Report a s  mg SO4=/1. 

15. S t r o n t i u m  

Determine d i r e c t l y  by atomic a b s o r p t i o n  spec t romet ry .  Use 

1.00 m l  o f  a La203-KC1 mixture  (117.3 g La203 d i s s o l v e d  i n  

minimum amount of d i l u t e  HC1 + 19.1  g KC1 and add de ionized  

water t o  1000 ml) f o r  each 10.00 m l  sample o r  s t a n d a r d .  

Report  a s  mg S r / l .  

16.  Sodium 

Determine d i r e c t l y  by flame emission o r  atomic a b s o r p t i o n  

spec t romet ry .  Add-1000 mg K / 1  t o  swamp potassium i n t e r -  

f e r e n c e  . 
17. Potassium 

Determine d i r e c t l y  by flame emiss ion  o r  a tomic a b s o r p t i o n  

spec t romet ry .  

w i t h  2000 mg Na/l. This may b e  done by adding 40 ml of  a 

N a C l  s o l u t i o n  (5000 mg NaC1/1) t o  each 100 M 1  K s tandard .  

A l t e r n a t i v e l y ,  u s e  t h e  a c t u a l  c o n c e n t r a t i o n  found i n  t h e  

Swamp sodium i n t e r f e r e n c e  by making t h e  s t a n d a r d s  

samples f o r  t h e  potassium s t a n d a r d s .  
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18. Calcium 

Determine directly by atom-: absorption spectrometry. Use 

1.00 ml of La203 dissolved in small portions in 250 ml concen- 

trated HC1 (CAUTION) and diluted to 500 ml with deionized 

water) for each 10.00 ml sample or standard. Report as mg 

19. Cadmium 

Determine directly by atomic absorption spectrometry. Report 

as mg Cd/l. 

20. Magnesium 

See calcium determination. Report as mg Mg/l;. 

21. Ammonia 

Collect a separate sample for this determination. Follow 

manufacturer's directions for specific ion electrode. 

Report as mg NH3/1. 

22. Zinc - 
Determine directly by atomic absorption spectrometry. Report 

as mg Zn/l.. 

23. Maganese 

Trace amounts of maganese may be determined by atomic 

absorption spectrometry following an extraction procedure. 

- -- 

Arsenic may be determined by atomic absorption spectrometry 

after converting the metal to arsine. Care should be exercised 
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I - 

t o  prevent the  absorpt ion of r a d i a t i o n  a t  the a r s e n i c  

wavelengths by organic  vapors.  
- 

25. Copper, Chromium, and/or Lead 

P i p e t  a 100.00 m l  sample i n t o  a 250 m l  volumetr ic  f l a s k .  

Prepare a blank s i m i l a r l y  and a s tandard containing 0 . 1  

mg M 

bromphenol b lue  s o l u t i o n  ( 0 . 1  g bromphenol blue dissolved 

i n  100 ml. of 50 percent  e thanol )  t o  each f l a s k .  Adjust  

t he  pH by adding 2.5 - M NaOH (10 g NaOH i n  1 L so lu t ion )  

dropwise u n t i l  the  b lue  co lor  p e r s i s t s ,  then add 0.23 - M 

H C 1  (25  ml, concentrated HC1 i n  deionized water and d i l u t e d  

t o  1 1) u n t i l  the  blue co lor  j u s t  disappears .  Add 2.00 mL 

of 0.3 - M H C 1  i n  excess.  Add 5.00 mL of APDC s o l u t i o n  ( 1  g 

ammonium pyr ro l id ine  dithiocarbamate i n  deionized water 

d i l u t e d  t o  100 ml. Prepare fresh d a i l y )  and mix. Add 

10.00 m l  MIBK (methyl i sobu ty l  ketone) and shake the  f l a s k  

and conten ts  f o r  t h ree  minutes. Allow the  l aye r s  t o  sepa ra t e  

and add deionized water u n t i l  t he  MIBK l aye r  i s  i n  the  neck 

of t he  f l a sk .  Cu, C r ,  and/or Pb w i l l  be determined on 

++ /L i n  the  ex t r ac t ed  medium. Add two drops of 

t he  KCBK e x t r a c t  by atomic absorp t ion  spectrometry.  

26. Me 1: cury 

Mercury may be determined by f lameless  atomic absorpt ion 

spectrometry.  
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27. Radioactivity 

Samples to be submitted to the USGS for measurements of 

gross alpha, gross beta and gross gamma. 

28. X-Ray Diffraction 

The suspended solids collected on the filter should be 

subjected to x-ray diffraction techniques such that clays 

and minerals will be identified. 

determination of each material identified is desirable. 

A semi-quantitative 

C. Test Procedures for Gas Samples 

1. Standard Hydrocarbons 

Use a gas chromatograph to determine C1 - Cg and Cg+. 

standard analysis usually determines GO2, N2 and O2 simultan- 

eously. 

The 

Report as mole percent of each element or compound. 

2 .  Hydrogen, Ammonia, Hydrogen Sulfide, Helium 

These gases should be determined by standard gas chromato- 

graphy. Use the proper column, carrier gas, etc. to obtain 

the correct determination. Report as mole percent of each 

element or compound. Ammonia and H2S will be estimated on- 

site using Draeger apparatus. 

3. Radon-222 

Evacuate the alpha counting chamber and admit a known amount 

of gas sample into the chamber. 

report as pCi222Rn/l. 

USGS with gas samples provided by IGT. 

Count the Rn-222 and 

This measurement will be made by 
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4 .  Mass Spectrometry 

Subject a gas sample to mass spectrometry (from Z - 1  to 2-400 

and report the gases present. This determination is to be 

made on one sample only.) 

- 

D. On-Site Laboratory 

The following determinations must be made at an on-site laboratory 

before precipitation occurs in the sample (within 30 minutes of 

the time the sample is collected): pH, T, specific conductance, 

dissolved solids (gravimetric), suspended solids , HC03 - , cO3-, C1- - 

- - 
(FU samples), S , NH3, Si02 (FU samples not diluted). 

determinations will be made later and in IGT's Chicago lab facilities. 

Other 

Si02 to be determined later, dilute one FU sample 1:l with deionized 

water and dilute another FU sample 1:4 with deionized water. 

Si02 on both samples. Collect separate samples for S- and "3. 

analyses for Cl-cfj hydrocarbons and C02 will be performed on-site 

Determine 
- 

Gas 
.-_ 

using a gas chromatograph containing a thermal conductivity detector. 

C02 and H2S will be estimated on-site using a Draeger apparatus. 

Produced gas/water ratios will be calculated on-site using values 

of meter output corrected for actual composition of flow streams. 

Gas flows will be corrected for c1'c6, C02 and H20 content. 

flows will be corrected for gas content determined by on-site 

flashing plu-; analysis of liberated gas. 

Liquid 
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E .  Sampling Schedule 

1. When the  tes t  

2 .  

ch iul  i s  known, advan phone c a l l s  w i l l  be 

made t o  the following organiza t ions  t o  a l e r t  them should 

they d e s i r e  t o  take t h e i r  own samples. 

o McNeese S t a t e  Universi ty  

0 USGS - Menlo Park & Bay S t .  Louis 

0 Univeris ty  of Texas 

0 L.S.U. 

All t h i r d  pa r ty  sampling must be approved and supervised by 

the  Eaton Engineer i n  charge t o  in su re  proper s a f e t y  and 

ope ra t iona l  procedures. IGT will maintain a log  of such 

samples and maintain contac t  f o r  companies of l a b  r e s u l t s ,  

r e s o l u t i o n  of any d iscrepanies  and support ing of r e s u l t s  

obtained by t h i r d  p a r t i e s .  

When the  w e l l  has  flowed 2400 BPD f o r  s eve ra l  hours a f t e r  

bottoms up ( s t e p  2 of opera t ing  procedure),  b r ine  and gas 

samples w i l l  be  co l l ec t ed .  

f lashed  t o  atmospheric pressure  a t  l oca t ion  f o r  gaslwater  

* 

Wellhead pressure  samples w i l l  be 

r a t i o  determinat ion.  Two samples each of b r ine  and gas w i l l  

be taken a t  s epa ra to r  pressure  f o r  labora tory  ana lys i s .  I n  

addi t ion ,  raw and a c i d i f i e d  b r i n e  samples w i l l  be co l l ec t ed  

from sepa ra to r  ou tputs  a t  atmospheric pressure  using procedure 

descr ibed above. Samples f o r  r a d i o a c t i v i t y  ana lys i s  w i l l  be 

provided t o  the USGS. 
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3 .  During the 96 hour b u i l d  up, su r f ace  l i n e s  w i l l  be examined - .  

f o r  s c a l e  formation and examples of any s c a l e  found w i l l  be 

shipped t o  IGT f o r  ana lys i s .  

4 .  During the  stepwise increase  i n  flow ra te ,  sample c o l l e c t i o n  

and ana lys i s  a t  each ra te  w i l l  be as follows: 

e A t  l e a s t  twice d a i l y ,  c o l l e c t  wellhead pressure  

samples and f l a s h  t o  determine gas/H20 r a t i o  u n t i l  

i t  i s  c l e a r  t h a t  cons i s t en t  and more accura te  d a t a  

i s  being obtained from cor rec ted  gas and l i q u i d  

flow meter readings.  

0 Perform d a i l y  on-si te  analyses  of samples from the 

sepa ra to r  using procedures previously descr ibed.  

0 On the  f i r s t ,  t h i r d  and f i f t h  day a t  each flow rate ,  

c o l l e c t  samples from the sepa ra to r  gas and l i q u i d  

output  f o r  subsequent lab  ana lys i s  using procedures 

previously descr ibed.  

5 .  During the  l a s t  day of flow through the sepa ra to r ,  add i t iona l  

s epa ra to r  pressure  gas and l i q u i d  samples w i l l  be co l l ec t ed  

t o  be r e t a ined  f o r  up t o  one year  f o r  fu tu re  analyses  t o  

reso lve  unant ic ipa ted  i s s u e s .  

a c i d i f i e d  b r i n e  w i l l  a l s o  be s to red  a t  atmospheric pressure .  

A few ga l lons  of r a w  and 
I 

6 .  During disassembly of the  t e s t i n g  equipment, i t  w i l l  be 

examined f o r  any evidence of s c a l e  o r  corrosion.  

w i l l  be documented and samples of any s c a l e  found w i l l  be 

shipped t o  IGT for ana lys i s .  

Observations 
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Accounting 
Code 

02 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

24 

TABLE 11-1 

ESTIMATED COST TO PERFORM 

GEOPRESSURED - GEOTHERMAL TEST 

MARTIN CROWN ZELLERBACH WELL NO. 2 

I tern 

Field Labor 

S i t e  

D r i  11 ing 

Tangible 

Expendables 

Cementing 

Per f . ,  Acid 

Equip. Rental 

Contract Serv. 

Freight  & Trans. 

Other 

Insurance 

Cons u 1 tan t s 

Land Use 

Testing 

TOTAL 

Original  
E s  t ima t e  

$ 38,000 

-0- 

-0- 

-0- 

12 , 000 

-0 - 
-0- 

-0- 

-0- 

23 , 000 

26,000 

-0- 

11,000 

-0 - 
506.000 

$616,000 
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12.0 PLUG AND ABANDONMENT OPERATIONS - TEST WELL 

I -142- 

When the t e s t  w e l l  eva lua t ion  has  been completed, the  t e s t  w e l l  and the 

saltwater d i sposa l  w e l l  w i l l  be plugged and abandoned i n  accordance with 

the  regula t ions  of  t he  Louisiana Off ice  o f  Conservation. A l l  s a lvab le  

materials and suppl ies  from the wells w i l l  be preserved and placed i n  s to rage .  

The w e l l  s i t e s  w i l l  be c leared  and the loca t ions  r e s to red  t o  the  s a t i s f a c -  

t i o n  of a l l  concerned p a r t i e s .  

12.1 Procedure f o r  Plug and Abandonment 

Af te r  a permit i s  obtained from the Louisiana Off ice  of Conservation, a 

workover r i g  w i l l  be moved on loca t ion .  

13.8 ppg mud down the  tubing and up the  casing p r i o r  t o  moving the  r i g  on 

loca t ion .  

The w e l l  w i l l  be k i l l e d  by pumping 

The plug and abandonment procedure f o r  the tes t  w e l l  follows and the 

est imated cos t s  f o r  the operat ion are included i n  Table 12-1. 

Day No. Procedure 

1 F in i sh  moving i n  r i g  and i n s t a l l i n g  equipment. 

2 Remove Christmas tree and i n s t a l l  5,000 p s i  working pressure  

blowout preventers  and tes t  them according t o  Eaton spec i f ica-  

t i ons .  

3 P u l l  ou t  of  ho le  with 2-3/8 inch tubing. 

r e t a i n e r  and go i n  hole  with r e t a i n e r  on tubing. 

Pick up EZSV cement 

Eaton industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Operating Co., 
3100 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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Day No. Procedure 
- 

4 S e t  r e t a i n e r  a t  16,600 f e e t  and squeeze pe r fo ra t ions  wi th  200 

sacks of  cement. F ina l  squeeze pressure  should be 5,000 p s i .  

Spot 25 sacks of cement on top of  r e t a i n e r .  

7 

10 

11 

P u l l  ou t  of ho le  wi th  tubing.  

Remove blowout preventers  and 7 inch tubing head. I n s t a l l  

blowout preventers  on 9-5/8 inch casing.  

e r s .  

Test blowout prevent-  

Se t  a w i r e l i n e  br idge  plug a t  approximately 12,000 f e e t .  Run 

f r eepo in t  i n d i c a t o r  i n  

f r eepo in t  a t  approximately 12,000 (es t imated  top of  cement). 

7 inch cas ing  and c u t  cas ing  a t  

P u l l  ou t  of ho le  lay ing  down 7 inch casing.  

S e t  cement r e t a i n e r  above cu t  casing a t  about 11,900 f e e t  and 

spo t  100 f e e t  cement plug on top of r e t a i n e r .  Spot 100 f e e t  

cement plug a t  the su r face  i n s i d e  the 9-5/8 inch casing.  

Remove blowout preventers  and 9-518 inch casing head. Cut a l l  

casing s t r i n g s  a t  l e a s t  4 f e e t  below ground l e v e l  and weld 

steel  p l a t e  on the  p ipe  s tub .  

Rig down equipment and move out  r i g .  

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Operating Co.. Inc. 
31 00 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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Account ing 
Code 

02 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

24 

TABLE 12-1 

ESTIMATED COST TO PLUG 

AND ABANDON TEST WELL 

MARTIN CROWN ZELLERBACH WELL NO. 2 

Eaton Industries of Houston, Inc. 

Item - 
Field Labor 

S i t e  

D r  i 11 ing 

Tangible 

Expendables 

Cementing 

Perf . ,  Acid 

Equip. Rent a1 

Contract Serv . 
Freight  & Trans. 

Other 

Insurance 

Consultants * 

.Land Use 

Testing 

TOTAL 

Original  
Estimate 

$ 13,000 

95,000 

79,000 

11,000 

24,000 

28,000 

-0- 

10,000 

44,000 

17,000 

3,000 

-0- 

-0- 

-0- 

-0- 
- 

$324,000 

DOE CONTRACT NO. Eaton Operating Co., Inc. 

Houston. Texas 77027 
DE-AC08-80ET-27081 3100 Edtoe 

(71 3) 627-9764 
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- -  13.0 PLUG AND ABANDONMENT OPERATIONS - DISPOSAL WELL 

Wellhead equipment w i l l  be the  only salvageable  ma te r i a l  on t h i s  w e l l .  

The p lug  and abandonment procedure f o r  the  d i sposa l  wel l  follows and the 

es t imated  c o s t s  f o r  the  opera t ion  a r e  included i n  Table 13-1. 

13.1 Procedure f o r  Plug and Abandonment 

A. 

B. 

Rig up cementing t ruck and e s t a b l i s h  pump-in r a t e .  

F i l l  9-5/8 inch casing with cement from t h e  bottom p e r f o r a t i o n  t o  the  

su r face .  

cement . 
This w i l l  r equ i r e  about 2,475 cubic  f e e t  of l i g h t  weight 

C.  Allow cement t o  se t  up. Cut a l l  casing s t r i n g s  a t  l e a s t  4 f e e t  below 

ground l e v e l  and weld s tee l  p l a t e  on top of  pipe s tub .  

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Operating Co., Inc. 
31 00 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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Ac count i n  g 
Code 

02 

09 

10 

11 

12 

13 

14 

15 

16 

1 7  

18 

19 

20 

21 

24 

TABLE 13-1 

ESTIMATED COST TO PLUG 

AND ABANDON DISPOSAL WELL 

MARTIN CROWN ZELLERBACH WELL NO. 1 

I tern 

F ie ld  Labor 

S i t e  

D r  i 11 i n g  

Tangible 

Expendables 

Cementing 

Pe r f . ,  Acid 

- 

Equip. Rental  

Contract S e IT. 

Freight  & Trans. 

Other 

Insurance 

Cons u 1 t an't s 

Land Use 

Tes t ing  

TOTAL ' 

Orig ina l  
Estimate 

$ -0- 

50,000 

-0- 

-0 - 
-0- 

10,000 

-0- 

-0- 

- 0- 

-0- 

-0 - 
-0- 

-0 - 
-0 - 
-0- 

$ 60,000 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Operating Co., Inc. 
31 00 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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- .  

D e  t a i l e d  

14.0 COST SUMMARY AND TIME SCHEDULE 

Included he re  i s  a summary of the cos t  esimates found i n  t h i s  book. 

cos t  es t imates  are included i n  t h i s  s ec t ion .  

e Complete T e s t  Well 

8 Re-Enter and Complete Disposal Well 

e Test ing  Costs 

e 

e 

0 

Plug and Abandon Test Well 

Plug and Abandon Disposal Well 

Eaton Operating Company T e s t  Fee 

TOTAL 

The est imated cos t  f o r  t h i s  p r o j e c t  i s  as follows: 

$ 1,965,000 

323 , 000 

6 16 ,000 

324,000 

60,000 

113,000 

$ 3,401,000 

Figure 14-1 i s  a t i m e  schedule graph ind,cat,ng the est imated t i m e  Ax 

the  var ious  opera t ions .  

DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Industries of Houston, Inc. 
Eaton Operating Co.. Inc. 

3100 Edloe 
Houston, Texas 77027 

(713) 627-9764 
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1. 
2.  

3. 
4. 

5 .  

. b .  

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

ACTlVlTIES 

Re-Enter 6 Complete T e s t  Well. 

Move Rig t o  Dispoea l  S i t e  and 
I n s t a l l  Equipment. 

Re-Enter h Complete Disposa l  Well 

I n s t a l l  P r o d u c t i o n  h Data 
A c q u i s i t i o n  Equipment. 

Run P r e s s u r e  h Temperature  
Gradien te  6 P l a c e  H.P. 
P r e s s u r e  Gauge i n  Tubing . ,  

Flow Well for I n i t i a l  24 
Hour T e s t  P e r i o d .  

I n c r e a s e  Hate t o  5000 BWPD 
for 5 Days. 

I n c r e a s e  Rate t o  10,000 BWPD 
For 5 Days. 

I n c r e a s e  P r o d u c t i o n  Rate  t o  
Haximum P o t e n t i a l  or L i m i t s  
of Equipment or D i s p o s a l  
Well. 

Shut  Well I n  For Build-Up 
Tes t .  

Disconnect  h Move Out T e a t  
Equipment. 

Move I n  Rig and P l u g  and 
Abandon T e a t  Well. 

Move I n  Rig and P l u g  and 
Abandon Disposa l  Well. 

Res tore  S i t e .  

DETAILED MILESTONE SCHEDULE 

MARTIN-CROWN ZELLERBACH WELL N G  

MARCH APRIL 

Y 
0 a 

1981 -- 
MAY 

0 
I 

JUNE 

3 
0 

0 
[Ilr 

0 
C 

JULY 

FIGURE 14-1 



.. 

TOTAL ESTIMATED COST OF PROJECT 
(6 Pages)  Account ing Complctcd 

Code Well (:L)!:t: 

DRI LI. INC EXPI3NSE 

a. NOVC III & MOVC Out 

C. 
b. 

d. 
e. 
f .  
f i -  
h. 
i. 
1. 

f c .  a t  s /Ft. Footngc: 
D r i l l i n g  fiw w u P :  J a y s  a t  s / Jay .  

day3 a t  s /day. D r i l l i n g  !JW wo DP: 
days  a t  S /day. T c s t i n g  D1.l w DP: 

/day. Tcst ing  DW w dnvs a t  $ 
Complccion DN w DP: days a t  s /day. 

days at $ /day. Complet ion D1J wo DP: 
/day. Completion Rig d a y s  a t  $ 

f l thpr  

TOTAL 
10 

a. Permits 
b. Surveyor  
c. B u i l d  Road & Locn 
d. Dredging  
e. Damages 
t. Clean  Up 
g. O t h e r  

TOTAL 

X'D 6 COKPLETION FLUID EI?'ESSE 

days a t  S /day. 
a. Hud, Chemica ls ,  Oil-  
b. Mud E n g i n e e r  
c. Complet ion r l u i d  
d. O t h e r  

09 

TOTAL 
12 

, 
BITS - DRILLIX 6 CO>fI'LETIOX 

Size a t  $ each.  
b. No. - Size a t  .$ each.  

each.  c. No. - Size a t  $ 
each.  - 

Size a t . $  each.  e. No. - 
a. NO. - 

- d .  No. Size a t  .$ ;I 

f. O t I l c r  

TOTAL 

95 

16R 
A 

383 

I - 
60 
20 

165 
- 

_246 

30 

180 
10 

220 

4 
9 

1 

7 12 

13 

w, 

-149- 



a. 
b. 

J. 

f. 
6. 

. h. 
f .  
J.  

C. 

e. 

, Codc 
Urlvc I' lpc:  
Conductor C.7zjn;:: 
S u r f n c c  C.7s in l : :  
I n t c r t w t l i n t c  (;.i::int:: 
l 'r 'otluciiw CasJnr;: 
L i n c r  Casing: 

Wirclinc Work: 
Tubing Makc Up: 
Other:  

Ilnmmer,  Operator, I,lcldcr, c t c .  
Tooln, 'ro11~3, OIIc*r'iiLur, Crcw:;, C C C .  

l'oolu, 7'onj;:i. Opcr:lLor, Crrus, ctc. 
Tools, Twi;s ,  0 p h r . ? t o r ,  C r r w s ,  c t c  

Tools, Toncs, Upi!r;iinr, C r c w s ,  ctc. 
T u o l s ,  Toni::;. Opcrntor ,  Crcws, ctc.  

Mud Lot;l;cr: days a t  $ /day. 
S c t  U P ,  Storm Cl~okcs ,  MJV, c t c .  
Tongs, Crcws, Computcr, ctc.  

16 TOTAL 

PROFESSIOXAL SERVICES 

a. Consu l t an t :  O f f i c e  Work 
b. Consu l t an t :  l J c l l s i  t c  Supc rv i s ion  

D r i l l i n g :  days a t  $ /day . 
Completion: days a t  $ /day. 

c. Othe r  

TOTAL 

20 
- 

20 
LO 
30 
10 

50 
12 

63 02 

EQUTPNENT RENTAL 
a. S u r f a c e  Equipment: 

b. 

days Desil ter 
C e n t r i f u g e  days 

days Degasscr  
days Shaker  
days Geolograph 
days P i t  Leve l  
days Adj .  Choke 
days Othe r  

Downhole D r i l l i n g  Equipment (DP, DC, 

a t  
a t  
a t  
a t  
a t  
a t  
a t  
a t  

1 S t  

$ /day. 
$ /day. 
$ /day. 

$ /day. 
$ /day. 

$ /day. 
.ab, etc.)  

$ /day. 

$ /day. 

days a t  $ /day. 

days a t  $ /day. 
c. 

J. Other  

Completion Equipments(EO?, Tubing t o o l s ,  e t c . )  

TOTAL 

ELECTRIC LOGGING & PERFORATING . 
a. Log Type I n t e r v a l  
b. Log Type I n t c r v a l  
C. h g  Type Interval 
d. LO6 Type I n t e r v a l  : 
e. Ccmcnt nand - 

f .  GR/Correlat ion 
g. S e t  VL Packe r s  
11. Pcrf  
i. P c r f  
j. O t l r c r  

TOTAL 

15 119 

4 + 
16 103 
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\111I.l.:-cROWN ZELLERBACH N O . 2  
TOTAL PROJECT 

Accounting 
Code 

tlnyr: a t  $ /tiny, a. Sw:ih IJn 1 t:- 
b. Nltrozrl1 Sarvicc 
C. AcidLrc! 
d .  Acftlim 
e. Acidlm - _ _ _  - 
f .  Frzic - 
6. Ftac 
h. Otlicr 

TOTAL 14 15 

TESTTNG SERVICES 

a. DST: No a t  $ ITes t . 
b.  Wircline FT Tcsts :  KO zt $ /Test. c. 
d .  Casing Inspection 
e. Tubing Inspection 
f .  Tubing Pressure Testing 
g. Other 

Production T e s t  E?uipment L Servicc 

TOTAL 

- 

17 
17 

5 

16 39 

DIRECTIONAL DRILLING EX?E!?SE 

a. Direct ional  Tools t Services: days a t  $-/day b. Direct ional  Survevs I -  

C. Other 

TOTAL 16 

a. 
b. 

d.  
C. 

TOTAL 

33 

30 

17 

i - SALARIED PERSOXVEL 

1 a. 
b. 
C. I 

I 
TOTAL 12 

- a. Fuel:- i b. Vzitcr: 
c. Powcr: I 
d. Othcr: I 

I 

I 

12 
12 
12 
18 

TOTAL 

21 
21 
19 

447 
. ._. . - . . . ... . 



W1:l.I.: CROWN ZELLEREACH NO. 2 
TOTAL PROJECT 

CASYIIC , 1.T Nl?Ril?,-~~I’”TTlX I;I.RVT CIX 
a. Drlvc I’lpc: 

Ft.  OD # Cr-Tlld $ /F t .  
1%. OD # G r - l ’ I I d  $ / P t .  

/rt . F t .  O D  # G r  nlCi s 
/ P t .  Ft .  011 # Gr Tld  $- 

Ft.  OD # Cr Tlid $- /Ft. 

Ft .  OD # Gr Thd $ /Ft. 
Ft. OD # G r  Tlld $ 
Ft .  - Oil - # Gr Tlld $-IFt‘ /Ft. 
FC. OD # G r - T h d  $ /F t .  

Ft .  __ OD I Cr Thd S /F t .  
F t .  OD I! -Gr- Thd $ /Ft. 
Ft.  OD f l  Gr-Thd .$ / F t .  
Ft .  O D  # Cr-,Thd $ / F t .  

F t .  OD I Gr-Thd S /Ft. 
Ft.  OD # G r  Thd S /Ft. 
Et. OD Gr-Thd $ /F t .  

b. S u r f a c c  Casing: 

c. I n t c m c d i a t c  Casing: 

d. P roduc t ion  Casing: 

e. L i n e r  Casine: 

f. Other  

Accounting 
Code 

TOTAL 

TUSIX’G - 
a. Tubing S t r i n g s  Rcquircd: 

i-E:zThd Thd $ $- /Ft. Ft .  OD 
Ft .  OD /P t .  
F t .  OD fl-Gr-Thd $ /€t. 
Ft.  OD U G r  Thd $ /Ft . 

b. I n t e r n a l  Coating: 
c. O the r  

TOTAL 

* a. Packe r s  
b. N ipp le s  
c. Flow Cplgs. 
d. Blast Joints 
e. Other  

TOTAL 

a. Bradcnhcad: (-in- WP mo f .  a -  

b. Caslnchead: ( i n  
C .  Casinghead: (=in: 
d.  TubinChcaJ: (-in- 
e. Casing 6 Tubing llnnc 
f .  Xm3s Trcc: S i n c l c  Dual T r i p l c  . - -  

wp NO. ValvcS wi th  
E. Q t h c r  - 

TOTAL 

-152- 

11 314 

290 

11 290 . 

11 10 

5 
10 

45 ~ 

11 60 



TESTXNC COST ESTIHI\ni: mu: CROWN ZELLERBACH #2 

TOTAL PROJECT 
SVRFACI-: EQIIIPNl!NT h PRESSURE VESSELS 

S e p a r a t o r s :  
Tanks : 
Filters: 
Meters: 
Pumps: 
Compressors: 
Dead Weight 
Sc rubbe r s :  
Dehvdrators :  

a. 
b. 
C. 
de 

* ' f. 
a. . h. 
i. _. 

j. Cas Coolers: BUY new u n i t  
IC. Water Coolers: 

-e. 

TOTAL 

DOE Equipment 
2 100 bbl c a l i b r a t i o n  tanks @ $40 
Back f lu sh ing  f i l t e r  @ $300 

13 $60 
Mprrt calibrationumr, 13 si50 

air S U O D ~ V  (a $35 
T C S t e r : m o l d  (a $35  

PIPIRG, FITTINGS, FLANGES 

00 b. -01 
C. Tu b i n e  k i l l  l i n e  b 100 
d. 10.000 D s i  f l ange  @20 
e. 3500 of  H2S 3" l i n e  Diue flow l i n e  @ S 4 / f t .  
f. 

a. 3 D *  . 

MTBC 

FOUNDATIONS 

a. Roustabout crews 
b. LIoard road upkeep and r e n t a l  cb C)>VUI WK . 
C. n+t ~ J ~ ~ ~ ; ~ ~  ,.n9rq 
d. 
e. 

WIRELINE SERVIE 

n. Gearheart  I n d u s t r i e s  BH sampling 
b. '3 
... 

TOTAL 

Q m f f C A t  INHIBITOR COSTS 

a. _ ~ c a l e ~ . l  
b. 
e. _ S N i r p  cos t  

TOTAL 

LABOR - -  

a. Supervisor  @ 0#/day 
b. 4 t e s t e r s  @ 1 , 6 a o / d a ~  
C. Subs i s tv l ce  @.$25 each 

TOTAL 
Note: 21 days t e s t i n g  

21 days preparing t o  test  

E 

-153- 

Accounting 
Code 

10 
2 

__2r___ - 

24 29 

10 
7 7  

5 
1 

24 4 3  

10 
70 

24 80 

3 
3 
5 

12 11 



TESTING COST ESTIMATE: 

- 
LIGXTING, POWER, L I V I N G  F A C I L I n E S  Accoun e ing 

C o d e  
. .  e t c .  a. 

b. vs* 
C. d e o t  

18 TOTAL 

TRANSPORTATION 

a. $5001 dav 
b. ara hauling 

TOTAL 

SUPERVISION 

a. 
b. 

3 men a t  660fday (42 davs) 
3 men at  150Iday subsistance 

TOTAL 

CONTRACT S W L I N C  6 ANALYSIS IGT 

dTRER TESTING COSTS 

a. 
b. 
C .  
d. 
e. 
f .  
g. 
h. 
i. 
7 .  

H2S safety  equipment @ $860/day 
A ? S  - m o t u  ins- and conditionine 
Recnarilt.latlment after  t e s t  
LLO hht ' 11 S P S t O m  a t SBOOldav 
n i s ~  and 220 bbl tank @ $ 2 5 0 / & ~  
F- choke at S105 

for f lare at S30 
f o r  casine a t  $20 

. .* 

decortor  @ S70 
d c  

It. 
1. 
m. 

nrrac 
OUTSIDE CONSULTANTS 

ONANTICIPATED TESTING COSTS 

EOC FIXED FEES 

SUBTOTAL 

17 

02 

24 

10 + - 
23 

11 
LO 

21 

28 
7 

-- 
- -  

90 

18 
50 
10 

__jr;_____ 
3 
1 
1 
2 

24 

20 LO 

C W  TOTAL FOR PROJECT 

F 
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56 
113 

770  

$3,401,000 



EhTON OI'EIUTING COPII'ANY, INC. 
DETAILED COST EST1 PlA'l'li 

ESTIMATED COST TO RE-ENTER 
AND COMPLETE TEST WELL Accounting C n m p I c ~ c ~ l  

Code WCll (:unr 

a. 
b. 

d .  
C. 
S. 
s. 
h. 
i. 
j. 

C. 

Novc I n  6 Move Out 75.000 

D r i l l i n g  DW w UP: 
D r i l l i n g  IN wo DP: 

/ F t .  Pooiafy2: f t .  (It $ 
days a t  $ /day. 
days  a t  $ /day. 

/day. T e s t i n g  DW w DP: days a t  $ 
/clay. T e s t i n g  Did w days a t  $ 

Complet ion T)IJ w DP: 28 days a t  $ 6000 /day. 
days a t  $ /day. Complct ion DW wo DP: 
days  a t  $ /day. Complct ion R i g  

75 

TOTAL 10 243 

LOCATTOZJ EYPES?E 

a. P e r n i t a  
b. Surveyor  
c. B u i l d  Road 6 Locn 
d. Dredging 
e. Damages 
f .  Clcan Up 
g. O t h e r  

h 
1 

90 
?n 

20 

91 TOTAL 09 

IND 6 COXFLETION ?LU?c EIPESSE 

a. Mud, Chcmica ls ,  Oil- mud 
b. Mud Engineer  days a t  S /day.  
c. Complet ion F l u i d  b-.@ md 

10 

rsu 
1u 

200 

~- 
ti. O t h e r  r- 

.- 
TOTAL 12 

a. No. 3 - 8-112 Size a t  $ '0° each.  
b. NO. 3 - 7 Size a t  500 each .  

. S i z e  a t  $ each .  c. No. - 
each.  
each.  

d.  No, .- Size a t  $ 
e. No. ' - Size a t  $ 
f. O t h e r  2 J- . s 1 5nn 

2 

2 

1 
5 TOTAL 12 

'I'O'I'AI. 13 

G 
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c o x  I::X~IIK~I::  WI:I.I. .--a No. 2 
COMPLETION COST 

Accounting (;wim,icr :;~:i!vi r:m 
, Codc 

a. l)r Lvc? 1’1 pc:  Il:iIimcr, Opcrntor , Glcltlcr, U C C .  
b. Conductor Cncin;;: T0013, ‘ h i i i y ,  Opcr:tLor, Crcw::, c t c .  
c. SurZ.?cc Cnu hi:: ‘~‘KJOJ.3, Toii1;:i. OpcraLor, Crcws, c t c .  
d. Intcnac*cll;itc C.i:;Iiir;: Tools. T O I I ~ R ,  Olwrntor ,  Crcwo, c t c  
e. ProducLioir Cn::.in::: ‘I’ools, Tonj:s, O p i x a ~ ~ i r ,  Crcws, CCC. 
f ,  Lfnc r  C ; I : ; i n g :  T o o l s ,  ‘I’oni:n. Opcracor,  Crews, c t c .  

h. Wi rc l inc  Work: Sct 111’. Storm chokes, W V ,  c t c .  pKR 
1. Tubing blakc Up: Tongs, Crcws, Computcr, ctc. 
j. Other:  Casing P res su re  Test 

g. Nud 1.ol:t;cr: days at $ /Jay.  

TOTAL 

. PROFESSI0;JAL SERVICES 
a. Consu l t an t :  O f f i c e  Vorlr 
b. Consul tant :  W e l l s i t e  Suocrvis ion 

D r i l l i n g :  days a t  $ /day. 
Completion: 4 men Jb days a t  $ 875 /day. 

c. Other  4 e n  x S50Idav x 36 l i v i n g  & t r a v e l  

TOTAL 

EQUTP?IENT REXTAL 
a. S u r f a c e  Equipment: 

Desilter 36 days a t  $ loo /day. 
C e n t r i f u g e  days a t  $ /day. 
Degasser 36 days a t  $ 50 /day. 
Shaker d a y s . a t  $ /.day. 

. Geolograph 36 days a t  S-/dap, 
P i t  Leve l  ?fi days a t  $ 100 /day. 
Adj. Choke 36 days a t  $ 80 /day. 
Other  T&&k 16 days at $ 100 /day. 

36 days a t  $ 10OOlday. 

36 days a t  $ 1000 /day. 

b. Dowdnole D r i l l i n g  Equipment (DP, DC, S t ab ,  e t c . )  

c. Completion Equipments (EOP, Tubing t o o l s ,  e t c . )  

d. Other  36 days @ S300/day 

TOTAL 

- 
ELECTRIC LOGGING & PERFOUTING ‘ 

a. 
b. 

d.  
e. 
f .  
6. 
11. Perf  
i. Per f  
j. - -  

C. 

Log Type . I n t e r n a l  
Log Type I n t e r v a l  
LO& Type . I n  t c r v a l  
Log Typc I n t c r v a l  
Ccmcnt Bond 
GWCorre l a t ion  
S e t  IJL Packers  

16 

02 

15 

10 

I& 

- .  
10 

10 
10 
7 

60 

32 - 
00 

4 

L 

3 

4 

36 

36 
7 

80 
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Accounting 
Code 

TOTAL 14 * 

TESTRX SERVICES 

a. DST: No a t  $ rTeS t . 
b. Wirc l ine  FT T e s t s :  :;o - 3 t  $ / T e s t .  
c. Produc t ion  Test Equipncnt 6 Se rv ice  
d. Casing Inspec t ion  ($i.MII+.) 
e. Tubing I n s p c c t i o n  (s1.00/ft.I 
f .  Tubing P r e s s u r e  Test ing 
g. Other  X q a  s t r e e  t e s  t i n -  

TOTAL 

L 

C 

16 -0  

DIPXTIOSAL DRFILING EXTF.?7SE 

a. D i r e c t i o n a l  Tools 6 Services:  days a t  $-/day 
b. D i r e c t i o n a l  Surveys 
c. Othcr  

16 TOTAL 

* .  

TFANSPORTATI ON 

I $500/dav x.36 davs 18 
.7n 

3a 17 .- TOTAL 

'. SALARIED PERSONNEL - 
a. 
b. 

- 
12 TOTAL 

FVEL, l'OWR, l?hTlX 

;L. Fuel:- $12oo/day X 36 day8 - 
b. Watcr: $1- " ? A  dapp 
c. Power: $50/dav x 36 davs 
d. Otlicr: Telephone. t r a i l e r s .  seDtic  tanks 

12 45 

12 
12 

. l a  

TOTAL 

21 
21 19 

'rlI'rAl, I 
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COST I.:I;TIHATI.:: WEI,L: CROWN ZELLERBACH NO. 2 
COMPLETION COST 

Accounting 
Code ' a. 

b. 

C. 

d. 

e. 

f .  

Ft. OD # Cr-llid S . /Ft .  
Ft. OD I G r -  Tlid $ I F t  

Sur face  Casing: 

In te rmedia te  Casing: 

F t .  - OD 
Ft. - OD 

Product ion Casinn: 
I 

Ft.  -OD # G r . T h d  $ /Ft . 
Ft.  OD # Gr Thd $ I P t .  
Ft. OD I Cr Tiid $ IFt . 
Ft. O D  - il C r - . T h d  $ IPt .  

L iner  Casing: 
Ft.  OD # C r  Thd $ I F t .  
Ft. OD # C r  Thd $ f F t .  
Ft. O D  # C r  Thd $ / F t  . 

11 TOTAL 3 14 

a. Tubing S t r i n g s  Required: 
17,000 Ft .  2-318'0D 5 . 9 5  I C - 7 5  GrBRD Thd $ 17 f F t .  

Ft.  OD # G r  Thd $ Et. 
Ft .  OD I G r  Thd $ f F t .  
Ft.  OD # C r  Thd $ f F t .  

b. I n t e r n a l  Coating: 
c. Other 

TOTAL 11 791) 

D0WN"HLE EQUIOMEhT - a. Packers  
b. Nipples  
c. Fla, Cplgs. 
d. Blast Joints 
e. Other 

TOTAL * 11 

a. 
b. 
C. 
d. 
e. 
f .  

8.  

5 Bradenhcad: (-in-?dP BRI) (-In-W TOP) 
Casinghead: (-in-P Emf) (-in-WP TOP) 
Casinghead: (-in- IJP BTN) ( In-IJP TOP) 
Tubinghead: (-in-lP Bnf) (-In-WP TOP) 
Casing d Tubing 1lnny.crs 
has Tree: Sing le  D u d  T r i p l e  

NO Valves wi th  wp 
40 

TOTAL 
IC 

11 

SUBTOTAL $1,965,000 

J 
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EATON OI'KIUTING COFU'ANY, INC.  
DETAILLD cos*r EST I ~u\'rt: 

ESTIMATE TO RE-ENTER AND 
COMPLETE DISPOSAL WELL 
( 4  Pages)  

DRI1,I. lNC EXI'KEISE 

a. Hovc In h Move O u t  
b. Pootay,c: f t .  a t  $ / F t .  
e. D r i l l i n z  DW w UP: . days a t  $ /day..  
d .  D r i l l i n g  IJU wo DP: days a t  $ /day. 
c.  f c s t i n g  D1.J w UP: clays a t  $ /day. 
f .  T e s t i n g  DW w days a t  $ /day. 
g. Completion D\J w DP: days a t  $ /day. 
h. Completion Dli wo DP: days a t  $ /day. 
f .  Complction Rig 10 days  a t  $ 6000 /day. 
j. Other  

TOTAL 

LOCATTOR LYI'ESSE 

a. P e r m i t s  
b. Surveyor  
c. Bu i ld  Road b Locn 
d. Dredging  
e. Damages 
f. Clean  Up 
g. Other  

TOTAL 

!ED h COXF'LETIO!J FLUID E I P E ? S E  

a. Mud, Chemica ls ,  O i l -  
b. Mud Engineer  days a t  $ /day. 
c. Completion T l u i d  
d. O the r  

TOTAL 

- BITS - DRILLING 6 CONI'LETIOB . 
a. No. 2 - 8-714" Size a t  $ 700 each .  
b. NO. - S i z e  a t  S each. . 
C. NQ. . -  Sfze a t  $ each .  
d. No. .- S i z e  a t  $ each. 
e. No. ' - size a t  $ each .  
f .  O the r  

TOTAL 

CCIEYTTNC SERVTCF: h KOUlI'!!l~ST 
Ccmcnt Scrvice F l o a t  1.q. Cent h S c r a t c h  -- - 

a. 
b. 

d. 

f .  
r.. 
11. 

i .  

C. 

c. 

Accounting Comp 1 L. tccl 
Code Wcll (:u:;f 

10 

10 

60 

- 
70 

10 

09 

12 

10 

10 

10 

.2 

12 2 
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co:x K:XI HATI:: IJI:J.I.:-CROWN ZELLERBACH NO. 1 
DISPOS- 

COtll'llACl' :;r:i:v I c12: Accounting 
a. Drtvo I'fpc: Ilnimcr, Operator ,  I h l d c r ,  n rc .  , Code 

b. Concluctor C x j n ; : :  'Tools, 'I'onCs, Opcqr;iLor, Crew::, ctc .  
c. Surfacc Cas tng:  'I'ools, ~'OIII;:+. OpcraLor, Crcws, ctc. 
d. Intcrinc*cli;ltc (:.IL:ln;:: Tools, Tongs, O p - r a t o r ,  Crcwn, c tc  
e. PrnducLiou C x l n f : :  'l'ools, Tonj:r:, Opt!ri1Lor, Crcws, ctc. 
f .  L l n c r  Casing: l oo l s ,  Toni:s. Opera to r ,  C r c w s ,  ctc.  
g. Mud Logger: 

- h. W i r c l i n c  IJoork: Scc BI', Scorn Cl~ol:cs, D ~ v ,  crc. 
I. Tubing Plnkc Up: Tongs, C r c w s ,  Computcr, Ctc. 

j. Other:  

days or $ /day. -- 

TOTAL 16 

PROFESSI0;V.L SERVTCES 
a. Consu l t an t :  O f f l c c  Work 
b. Consu l t an t :  Wfllsitc Supe rv i s ion  

/day. D r i l l i n g  : days a t  $ 
Completion: L men 10 dnss a t  $ a75 /day. . .  n e  and t r a v e l  C. O the r  4 men x $50/dav x llvl 

TOTAL 

EQUTPHENT REXTAL 
a. S u r f a c e  Equipment: 

Desil ter days 
C e n t r i f u g e  days 
Degasser  days 

days Shaker  

P i t  Leve l  days 
Adj. Choke days 
Other  10 days 

Downholc D r i l l i n g  Equipment (DP, DC. 

Geolograph days 

b. 

a t  $ /day. 
a t  $ /day. 
a t  $ /day. 
a t  $ /day. 

/day. a t  $ 
a t  $ /day. 

at $ 200 /day. 
a t  $ /day. 

Stab.  etc.) 
10 days a t  $ . 306 /day. 

10 days a t  $ 300 /day. 
c. 

d. Other  

Completion Equipments(BO?, Tubing tools, e t c . )  

TOTAL 

- 
ELECTRIC LOGGING & PERFORATING . 

a. Log Type I n t e r v a l  
b. Log Type Intcrval 

d. Log TYQC I n t c r v a l  
e. Cemciit Uand 

c. Log Type , h t c w a l  

f. GR/Correlnt ion 
6 .  S e t  WL Paclcers 
h. Pe r f  
i. P e r f  
j. Otlrcr 

TOTAL 

02 

10 

~- 

lo 

9 
2 

~ 

11 

2 
~ 

3 

3 

- 

5 
3 

15 

14 23 
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c. A c i d l m  
d. Acftlizc 
e. Acidlzc 
f. F r a c  
6. F r a c  
h. Otlicr 

- 

. .  
TESTING SERVICES 

a. 
b. 
C. 
d. 
e. 
f .  
g. 

DST: No a t  .$ /Tes t .  
ITes t . 

Produc t ion  T e s t  Eauiprccnt & S e r v i c e  
Casing I n s p e c t i o n  
Tubing I n s p e c t i o n  
Tubing P r e s s u r e  Tes t ing  
Othe r  

W i r c l i n e  FT Tcsts: ::o a t  $ 

TOTAL 

DIRECTIONAL DRILLEX W E X E  

a. D i r e c t i o n a l  Tools b Serv ices :  days a t  $-/day 
b. D i r e c t i o n a l  Surveys 
c. Other 

TOTAL 

TRANSPORTATION 

a. 
- -  

C. 
d. 

TOTAL 

a. 
b. 
C. 

T O T A ~  

a. F u c l : S 1 2 0 0 / d a y  - b. Ucitcr: $100/day 
c. Power: SSO/day 
d. Otlicr: L iv ing  f a c i l i t i e s ,  te lephones,  e t c  

TOTAL 

Accounting 
Code 

14 1s 

~ 

16 

16 

10 

17 10 

12 

12 
12 
12 
18 

12 
1 

. 1  
10 

21 
21 
19 

as 



DISPOSAL WELL COMPLETION 

CASTNI:, 1 ~ T ~ ~ R ~ , - ! ~ K T ” T I ! C  SKRVlCliS Account ing  
a. Drlvc I’lpc: Code 

Ft. O D  .I C r  “lid $ I F t .  
Ft. II G r  OD Tlid $- IPt. 

b. S u r f a c e  C a s i n E :  

WIC1.L: CROWN ZELLERBACH NO. 1 

F t .  o n  # Gr-llid $ IFt , 

F t .  O D  # G r  Tltd $- I n .  
F t .  011 # Ct Thcl $ I F t .  

c. I n t c n n c d i a t c  Casing: 

# Thd $ I F t .  
/ F t  . 
IFt. 
/ F t .  

in. 
I P t .  
I F t .  

Ft .  - OD - -Gr- 
F t .  OD II G r  Thd $ 
F t .  O D  5 Gr Thd $ 
Ft.  OD # - Gr-Thd $ 

F t .  OD # Gr Thd $ 
Ft.  OD # Gr Thd $ 
Ft.  OD # G r  Thd $ 

e. L i n e r  Casing: 

f. Othcr 
- --- 

TUBING 

a. 
- 

b. 
C. 

TOTAL 11 

Tubing  S t r i n g s  Requi red :  
F t .  OD # G r  Thd $ I P t  . 
F t .  OD /f G r  Thd $ I F t  . 
Ft .  on # Thd $ IP t .  
F t .  OD I F t  . 

Internal Coating: 
O t h e r  

TOTAL 

DOh’NHOLE EQUIbXEST 
* a. Packers 

b. Nipples 
c. Flow Cplgs. 
d. Blast J o i n t s  
e. Other 

TOTAL 

a. 
b, 
C .  
d. 
e. 
f .  

6. 

11 

11 

Bradenhead: ( i n - W P  BTM) (-1n-W TOP) 
Casinghead: (-in-lJP &lX) (-in-h? TOP) 
Cas inghead:  (-in__lJP IllW (-1n-W TOP) 
Tubinfillcad: (-1n-W GTX) (-in-IJP TOP) 
C a s i n g  6 Tubing  Ilnngcrs 
Xmas Trcc: S i n C l c  Dual T r i p l e  

O t h c r  
No. Vnlvcs w i t h  UP 

. .  

11 TOTAL 

SUBTOTAL 

N 
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TESTING COST ESTIlWlX: mu: CROWN ZELLERBACH #2 
LU5 * 

Accounting 
Code SURFAC\CI: ISQUTFMENT 6 PRESSURE VESSELS 

a. Separators :  * ~ DOE Equipment 
b. Tanks: 2 100 bbl c a l i b r a t i o n  tanks @ S40 
c. F i l t e r s :  Back f lushinn f i l t e r  @ $300 
d. Meters: 4 Howco LCD readouts @ S60 
e. Pumps: Meter c a l i b r a t i o n  pump @ $150 
f. Compressors: Instrument a i r  suvply @ $35 
g. Dcod Weight Tcsccr: Manifold @ $35 
h. Scrubbers: 
i. Dehydracors: 
j. Gas Coolers: Buy new uni t  
t. Water Coolers: 

- 
15 

31 TOTAL 24 

, PIPING, F I T T I N G S .  FLANGES 

10 
2 
2 
1 

. .  a. -Ps m 480 
b. (a 100 
c. Tubrnn * k i l l  l i n e  100 
d. 10.000 p s i  flanne @ 20 
e. 3500 of H,S 3" l i n e  pipe flow l i n e  @ S l / f t .  
f. 6 

L* 

TOTAL 24 29 

FOUNDATIONS 

10 

2 7  
5 
1 

24 13 

WIRELINE SERVICE 

LO n. Gearheart Indus t r ies  BH sampling 
b. Wireline BHP recording @ 3100/day 
C. 

TOTAL 24 80 

. CREEfICAL INHIBITOR COSTS 

3 
3 
> 

LABOR - . .  

a. Supervisor @ 840Iday 
b. 4 Testsers @ 1,680/& Y 
c. 1 

TOTAL 24 5 7  

Note: 2 1  days ' t e s t i n g  
21 days preparing to  t e s t  



TESTING COST ESTIMATE: 

LIGHTING, POWER, LIVING FACILITIES 

TESTING COST 
Accounting 

Code 

a. Living quarters, telephones, e t c .  
b. Power and l i g h t s  
C. Water 

TOTAL 18 

TRANSPORTATION 

a. SSOOfday 
b. Extra hauling 

TOTAt 17 

SUPERVISION 

a. 3 men at 660jday (42  days) 
b. n ;rt 150/-ce 

TOTAL 

CONTRACT SAMPLING & ANALYSIS I G ~  

OTBER TESTING COSTS 

a. H.S saferv eouipment @ S860/dav 
b. ;S metallurw inspection ana cond i t ion ing  
e. +econdition equipnent after tes t  
d. WrO b b l  k i l l  svstem a t  SSOO/dav 
8 .  Disoosal pump and 22@ b b l  tank la 25O/dav 

f lare at f 3 0  
f .  
B e  FiloL l i n h t  for  
h-  SWACO choke f o r  casing a t  $20 
i. Sand Detector 0 $70 

. e b w a s s  ch oke at  $105 

j- 

02 

24 

1. 
m. 

O m I D E  CONSULTANTS 

UNANTICIPATED TESTING COSTS 

EOC FIXED FEES 

SUBTOTAL 

24 

20 

10 
LU 

3 
23 

.. I1 

21 

za 
7 

3s 

90 

18 - 
LU 

* 

1 
2 

130 

10 - 
616 

P 
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EATON OPEIUTINC COMPANY, INC. 
UETAILU COST EST twre  

ESTIMATED TO ?LUG AND ABANDON TEST WELL 
(.& Pages) 

DR 11.1.1 NC. KNSE 

a. Nove In 6 Movc Out  
b. 

d .  

f .  
g. 
h. 
i. 
j. 

C .  

E. 

I.'oocap,e: Et. at $ IFt. 
D r i l l i n g  GlJ w DI': days a t  $ /day. 

Tcsting DI.1 w DP:  days at $ /day. 
Dri l l ing  1 J V  wo DP: days at $ /day. 

Tcstrng DW w dnvs at $ Itlay. 

Complerion DlJ wo UP: days at $ /day. 
Completion Rig 10 days at $ 6000 /day. 
Other 

Comp1e:ion DW w DP: days a t  $ /day 0 

TOTAL 

LOCATTON EXPENSE 

a. Permits 
b. Surveyor 
c. Build Road 6 Locn 
d. Dredging 
e. Damages 
f .  Clean Up 
g.  Other 

TOTAL 

FND h CfXlPLETIOX FLUID EX'PESSE 

a.  Mud, Chemicals, Oil 
b.  Mud Engineer days a t  $ /day. 
c. Completion r l u i d  
d. Other 

TOTAL 

BITS - DRILLIXG 6 CDEU'LETTON , 

8. NO. .. Size  a t  $ each. 
b. No. - Sizc a t  $ . each. 
c. No. , -  Size a t  $ each. 
d. No. .- Sizc at $ each. 
e. No. - s i x  at $ . each. 
f. Other 

TOTAL 

Accounting Complctcd. 
WCll (:UT.( -- Code 

10 

60 

10 70 

85 

09 a5 

10 

10 l2 

12 
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CROWN ZELLERBACH #2 
C r m  I:I;TI~IATIS: \JKLI.:- 

P 6 A TEST WELL 

Cfltl'l'llACT !iJ<l{Vl Accounting - .-- Codc a. Drlvr. 1'Jpc: 1J:iicmcr. Opera to r ,  l k l t l c r ,  ctc. 
b. Conductor Cxjn;: :  Tooln; *l'imy.n, O I J L T ~ L O ~ ,  Crew!;, ctc. 
c. S u r f a c e  C.wint:: '1'001s~ T I ~ I ; : ~ ,  O p e r i l ~ o r ,  Crcwn, ctc.  
d.  I n t c r m r d l n t c  (:ic::ln::: Tools, ' rwcs,  Opvra to r ,  Crcwa, ccc 
e. ProducLion Casini:: Tools, Tongs, Opc?r:ltor, C r e w s ,  ctc. 
f .  L i n c r  Casing: T U O ~ Y ,  Toni::;, Opera to r ,  C r e w s ,  c t c .  

h. Wircliiic IJork: Set U P ,  Storm Cliokcs, IIPV, ctc. 
i. Tubing Makc Up: Tongs, C r c w s ,  Cornputcr, ctc.  
j. Other:  Lay d m  s e r v i c e s .  

g. Mud Lo1:i:cr: tlays ilt $ /day. 

Bridge plugs.  

. .  
16 TOTAL 

PROFESSIO?IIU SERVICES 

a. Consu l t an t :  O f f i c e  Work 
b. Consu l t an t :  Wcllsitc Superv i s ion  

days a t  $ /day. 
ay  . 

D r i l l i n g  : 
Completion: -days a ~ t  

c. Othe r  L -n S- 10 

~ 

TOTAL 

EOUIPHENT REXTAL 
a. S u r f a c e  Equiprncnt: 

Desil ter days 
C e n t r i f u g e  days 
Degasser  days 

days Shaker  
Geolograpn days 

days P i t  Leve l  
days Adj .  Choke 

Othe r  10 days 
Downhole D r i l l i n g  Equipment (DP, EC, b. 

a t  $ /day. 
a t  $ /day. 
a t  $ /day. 
a t  $ /day. 
a t  $ / day. 
a t  $ /day. 
a t  $ /day. 
a t  $ m n  /day. 

S t a b ,  e t c . )  
10 days a t  $ 300 /day. 

10 days a t  $ 300 /day. 
c. 

d. O the r  

Complecion Equipments @OP, Tubing t o o l s ,  etc.)  

TOTAL 

ELECTRIC LOCGING 6 PERFORATING ' 

a. Log Type In te rva l  
b. Log Type In t erva 1 
C. Log Type , I n t c r v a l  
d. Log Typc I n  tcrval 
e. Ccmenr Band - - 

f .  W C o r r e l a t i o n  
g. Set WL P i c k e r s  
h. P e r f  
i. Per f  
j. Otlicr 

TOTAL 

02 

15 

-- 
10 

10 
~ 

9 
2 

- -- 

II 

- 

7 

3 

14 

14 
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a. Sw:tb IInLt: days a t  $ /clay. 
b. N1tror:rn Scrvicc 
c. hcidlzc 
d. Acftl izc 
e. hcldlzc 
e we-- 
&. r s u c  

+ g. Ftac 
h. Other 

TOTAL 

TESTING SERVICES 

a. DST: No . a t  !3 /Test .  
b. W i r c l i n e  FT Tesrt: ::o a t  $ /Tes t .  
C. 

. d. Casing I n s p e c t i o n  
e. Tubing I n s p e c t i o n  
f .  Tubing Pressure Tes t ing  
g. Other  

P roduc t ion  T e s t  Equipncnt & Scrvicc 

TOTU’ 

DIRECTIOXAL DRILLING EXPENSE 

a. D i r e c t i o n a l  Tools h Services: days a t  $-/day 
b. D i r e c t i o n a l  Surveys 
c. Other  

TOTAL 

TFMSPORTATION 

8. $500/day 
b. Haul equipment t o  srorage 

SALARXED PERSONNEL 
a. Overhead and G 6 A 
b. 
C. 

TOTAL: . 

nEL, POWER, NATER 

a. Fue l :  $10001day 
b. Natct: S1OO/dav 
c. Power: SSO/dav 
d. Otlicr: L ivinn facilities. te leohones 

Accounting 
Code 

14 

16 

16 

17 

5 
Iu 

15 

12 

12 
12 
12 
18 

21 
2 1  
19 

S 
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CCJ!;l' Wl'l I.lATl1: W I L L :  CROIJN ZELLERBACH NO. 2 

P 6 A TEST WELL 

F t .  - on I Cr n r d  $ I n .  
II G r  Tlid $ IF:. Ft .  OD 

/Pt. Ft .  On # Cr-Tlid $ 
Ft.  OIJ B -cr-Titd $-/Ft. 

/FL. Ft.  OD /I G r  Tlid $ 

/Ft. Ft. OD - I Gr- Thd $ 

Y t .  01) # G r  Tlrd $ / F t .  
Ft. OD # G r  Thd $ I F t .  

IF t .  F t .  OD # G r  Thd $ 
Thd $ Ft.  OD # Gr 

Ft .  OD I C r - T h d  .$ /F t .  

F t .  OD # Gr-Thd S /F t .  
Ft. OD I G r - T h d  $ /F t .  
Ft .  O D  # G r  Thd .$ / € t .  

. 
b. S u r f a c e  (::ininE: 

c. I n t c r m c d i a t c  Casinr:: 

- /F t .  Ft .  O D  # G r - T l w I  S 

d. P roduc t ion  Casing: 

Ft.  O D  # G r  IFt . 
e. L i n e r  Casing: 

f .  O t h e r  

Accounting 
Code 

TOTAL 

a. Tubing Strings Required: 

/Ft. 

TOTAL 

DQWROLE EQUI??mT 
* a. Packers 

b. Nipples 
C. Flow Cplgs. 
d. B l a s t  J o i n t s  
e. O t h e r  Cement retainers 

TOTAL 

a. Bradenhcad: ( i n - W  BTN)' (-in IV TOP) 
b. Casinghead: (-fn-w BTX) (-1n-W TOP) 
e. Casinghead: (-in- 1JP BR!) (-1n-IbT TOP) 
d. Tubinghead: (-in-hT BTX) (-1n-W TOP) 
e. Casing 6 Tubing LlanRcrs 
f .  h a s  Tree: S i n c l c  D u a l  T r i p l e  

g. Othcr  
IJP NO. Valvcs wi th  

-- 
11 

11 

. 11 

TOTAL 11 

SUBTOTAL 

-168- 
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EATON OI'EIUTINC COMPANY, INC. 
UETAlLEI) CUST ES1'1t+V~E 

ESTIMATE COST TO PLUG AND 
ABANDON DISPOSAL GLL Accounting Compl c?tctl 

Code 1Jcl l  COSf  (One Page) 

DRI 1.1.lNC LXPKPISE 

a. 
b. 

d .  

f .  
6. 
h. 
i. 
j- 

C. 

C. 

flovc In b Movc O s t  
Footqy:  f t .  a t  s / F t  . 
D r i l l i n g  Dl4 w UP: days 31: s /d3y. 
D r i l l i n g  IJU wo DP: d e s  J t  $ /day. 
Tcst inG DW w DP: days a t  S /day. 
T e s t i n g  DW w days a t  .$ /day. 
Completion w DP: JOYS a t  $ /day. 
Completion DW wo DP: days a t  $ /day. 
Complctfon Rig days a t  S /day. 
Other  ~- 

lo TOTAL 

LOCAT7021 E P E R S E  

a. 
b. 

d. 
e. 
f .  
g. 

E. 

P e m i  ts 
Surveyor  
Build Road b Locn 
Dredging 
Damages 
Clean Up 
Othe r  

ocn 

Damages 
Clean U P  

~ 

50 

09 so TOTAL 

?IUD & CO?l?LETI@X FLUID EXPEYSE 

a. Mud, Chemicals,  O i l  
b. Plud Engineer  days a t  $ /day. 
c. Conp le t ion  r l u i d  
t.. Other  

TOTAL 12 

BITS - DRILLIXG 6 CONl'LETXOX 
J. NO. - S i z e  a t  $ each. 
b. No. - S i z c  a t  $ each. 
c. No. - S i z e  a t  $ each. 

S i z e  a t  S each. d. No. . - 
Sizc a t  $ each. e. No. * 

f .  O the r  
- 

TOTAL 12 

cmEsTn;(: SEI'VTCE miiiw-sr 
Crmcnt Scrrirc Float KO. Ccnt h Scratch -- 

a. Coud. 
b. Surf  
c. lrrtcr 
d.  Prod. 
e. Liiicr 
1. Orlicr 
g. bqrtc*c.::1* \ J o t  li- 

11. I'SA cll.lq:L-:: 

i .  0Lltr .r  P l u g  back cement 

LO 13 

U SUBTOTAL 

-169- 
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ESTIMATED COST TO PLUG AND 
TEST OPTIONAL ZONE 

Accounting 
Code 

(6 Pages) 

a. 
b. 

d.  
e. 
f .  
g. 
h. 
i. 
1. 

C. 

Movc In h Movc O g t  
Footngc: f t .  a t  5 /Ft . 
Dri l l ing  DW w DP: days or 5 /day. 
Dri l l ing  IJW wo DP: days a t  $ /day. . 

days a t  $ /day. Testing DW u DP: 
dnYS at $ /day I Testing DIJ w 

Completion DU v DP: Jays a t  $ /day. 
/day. Completion DGI wo DP: days at  .$ 

Completion Rig 10 days a t  $ 6000 /day. 
Othcr 

10 

60 

10 TOTAL 

LOCATTON EYPEX'SE 

70 

a. 

C. 
b. 

d.  
e. 
f .  
g. 

Pennits 
Surveyor 
Build Road 6 Locn ~-1 
Dredging 
Damages 
Clean Up 
Other 

- 

10 

I C  09 TOTAL 

?ND h CONPLETION FLUID EXPEYSE 

a. Mud, Chemicals, O i l  
b.  Mud Engineer days a t  $ /day. 
c. Completion Sluid 
d. Other 

20 

TOTAL 12 20 

BITS - DRILLING h CDEITLETION 

TOTAL . 12 

TOI'AI. 13 

V 
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g. Nud Lol:j:cr: - clay's a t  $ /day. 
h. Wlrcl i i ic  Wark: Sa t  UP, Storm Clio1:cs. M'V, c t c .  
i. Tubing Nakc Up: Tongs. Crews, Camputcr, c t c .  
j. Other:  

TOThL 

PROFESSIOHAL SERVTCES 

a. Consu l t an t :  O f f i c e  Mork 
b. Consul tant :  tlellsitc Supervis ion 

D r i l l i n g :  days a t  $ /day. 
Completion: 4 men 10 days a t  $ 875 /day. 

c. Other  I* men x SSO/dav x 10 d a v s  l i v i n n  and t r a v e l  

TOTAL 

EOUIPKENT REXTAL 
a. S u r f a c e  Equiplent :  

Desilter days a t  $ /day. 
Cen t r i fuge  days a t  $ /day. 
Degasser  days 3t .$ /day. 
Shaker d a y s . a t  $ /.day. 

. Geolopraph days at $ /day. 
P i t  Level  days a t  .$ /day. 
Adj .  Choke days a t  $ /day. 
Other  10 days at $ 200 /day. 

10 days a t  $ 300 /day. 

10 days a t  $ 300 /day. 

b. Dovnhole D r i l l i n g  Equipment (DP, DC, S t ab ,  e t c . )  

c. Completion Equipments (i;OP. Tubing t o o l s ,  e t c . )  

d. Other  
r- 

TOTAL 

ELECTRIC LOGGING 6 PERFORATiNG ' 

a. Log Type . 
b. Log Type 

I n t e r v a l  
I n t c r v a l  

C. h g  Type I n t c r v a l  
d. Log Typc I n  t crval 
e. C e m e n t  Unnd - - . - - - ._ - 
f. CRfCorrelat ion 
g. S e t  \?L Packers  
h. Perf - -  - - - -  
i. P e r f  
j. Other . 

TOTAL 
W 

CFIZINC SlZVTCE & ANALYSIS f 

16 

02 

10 

10 

9 
2 - --- 

11 

3 

3 

15 

14 

so 

50 

IOD 

-171- 
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\JKlJa:-XOWN ZEU-LEACH NO. 2 
OPTIONAL TEST WORK 

Accounting 
Code 

-- 
a. 
b e  
C. 
d.  

f .  
6. 
h. 

e. 

S w b  I lnl t :  dayti ilt $ /clny. 
Nitroy,nn Scrvicc , .  
Acid lzc! 
Acjtlfzc 
h c i d i x c  
F r a c  
F r a c  
Otlicr 

TOTAL 14 

TESTING SERVICES 

a. DST: No a t  $ Des t , 
b. W i r e l i n e  FT Tests: No 3 t  $ /Test .  
c. 
d. Casing Inspcction- 
e. Tubing Inspcction- 
f .  Tubing P r e s s u r e  Tcst in , :  
g. Other  

P roduc t ion  T e s t  Equipmmt 6 Service 

16 TOTAL 

DIRECTIOBAL DRILLING ER?R!SE 

a. D i r e c t i o n a l  Tools & Saivices:  days a t  $ /day 
b. D i r e c t i o n a l  Surveys- 
c. Other  

TOTAL 16 

a. 500/day 
b. Haul t o  s t o r a g e  

' c. 

5 
-Lo 

15 

~~ 

TOTAL 17 

. SALARIED PERSOhmL 

a. 
-~ 

C. 

T O T A ~  12 

FUEL, POWER, W T E R  
12 10 
I2 1 
12 1 
18 3 

-- 
TOTAL .15 

21 
21 
19 

X . .... -*.- - . ... . 
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Accounting 
Code ' 

OPTIONAL TEST WORK 

CA.STNC, J.1 NJ~R.$,,-!?~TJ!IC SI%V I C K G  
a. Drlvc  1'11~:: 

b. SurLacc ~ i t z 1 1 1 ~ :  

- Ft .  O D  - I Cr-Tlld 8 /F t .  

Pt .  OD # G r  Tlid S /Ft. 
Ft.  01, # -Cr-Titd / F t .  

/F t .  Ft .  - OD # Cr-Thd $ 
Ft. OD -# - Gr- Tlid S- /Ft .  
Y t .  - 01) - G r -  Tlid $ /Ft. 
Et. OD # G r  Thd $ /F t .  

n Thd $ /F t .  Ft .  OD C r  
Ft.  OD # Gr Tbd S /F t .  
Ft .  OD 17 G r  Thd $ /Et.  
Ft .  OD # Cr- Thd S /F t .  

F t .  OD C r - n l d  /FC. 

Ft.  OD # Cr-Thd $ / F t .  
c. I n t e r m c d i n t c  Caning: 

d. P roduc t ion  Casing: 

, e. L i n e r  Casing: 
F t .  OD # I Cr Thd $ /Ft .  
Ft .  OD Gr-Thd $ /Ft. 
Ft.  OD # C r  Thd $ /F t .  

f.  O the r  

TOTAL 11 

a. Tubing S t r i n g s  Required: 
Ft.  OD # G r  Thd S / € t .  

/ € t .  F t .  OD # C - r X T h d  $ 
F t .  OD # G r - T h d  S /Ft. 
Ft .  OD # G r  Thd $ /F t .  

b. I n t e r n a l  Coating: 
e.' Other  

TOTAL 

DOWHOLE EQUI?E?ENT 
* a. Packe r s  

b. Nipples 
C. Flov 'Cplgs .  
d. Blast Joints 
e. Other  

TOTAL 

a. 
b. 
C : 
d. 
e. 
f .  

g. 

Bradenhcnd: ( In-lNp SRl) (-in-W Top) 
Casinghcnd: (1In-W BTX) (-In-W TOP) 
Casinghcnd: (-in-IP DTM) (-in-lD TOP) 
TubinClicnd: (-in___wP GIN) ( in-wp TOP) 
Casing 6 Tutfng I l n n ~ c r s  
Xmas Trcc: S i n g l c  D u x 1  T r i p l c  

Othc r  
WP NO. Valves w i t h  

TOTAL 

11 

5 

5 11 

11 

SUBTOTAL 263,000 

Y 
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WELL: CROWN ZELLERBACH NO. 2 
OPTIONAL TEST 

SURFACIC ICQIJIPHlrNT 6 PRESSURE VESSELS 

Separa tors :  
Tanks : 
F i l t e r s :  
Me tcrs : 
Pumps : 
Compressors 
h a d  Weight 
Scrubbers: 

a. 
b. 

d. 
e. 

. f .  
g. 
h. 
i. Dehydrators: 
j. Gas Coolers: 
k. Water Coolers: 

C .  

. .  TOTAL 

PIPING, FITTINGS, FLANaS 

a. Pit l i n e s  @ $480 
b. Casinn k i l l  l i n e  @lo0 
C.  Tubing k i l l  l i n e  @ 100 
d. Flange @20 
e. 
f. 

TOTAL 

FOUNDATIONS 

a. Rous tabout crews 
b. 
C. Other locat ion costs  
d. 
e. 

Board Road Uuiceea and Rental 

TOTAL 

WIRELIW SERVICE 

n . 
C.  

Gaarheart Indus t r ies  BH Sampling 
. .  b. 
7r-l- RWP Re cardinn @ 3100/dav 

CHENI CAI. INHIBITOR COSTS 

a. Scale chemical 
b. Corrosion chemical 
C.  Service 'cost 

TOTAL 

TOTAL 

Accounting 
Code 

-- 1 
7 
7 

P .  
1 
1 

. 24 ' 16 

10 
1 
7 
1 

24 15 

24 

24 

12 

26 

10 
v 
_5 

40 

1-0 

70 

RO 

3 - 
5 
II 

18 

3 

5 7  

36 
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TESTING COST ESTIMATE: WELL: CROWN ZELLERBACH #2 
OPTIONAL TESTING 

LIGHTING, POWER, LIVING FACILITIES Account ing  Code 

a. 
b. Pnvrr 2nd L+tq 
C. Water 

18 TOTAL 

TRANSPORTATION 

500lday a. 
b. Extra hauling 

17 TOTAL 

SUPERVISION 

a. 3 men @ 6601dav 
b. 3 men @ 150/day subsistance 

TOTAL 

CONTRACT SAMPLING h ANALYSIS IGT 

OTHER TESTING COSTS 

a. 
b. 

d. 
e. 
f .  
g. 
h. 

. e. 

._ 

i. 
j. 
k. 
1. 
m. 

TOTAL 

OUTSIDE CONSULTANTS 

UNANTICIPATED TESTING COSTS 

EOC FIXED FEES 

02 

24 

24 

20 

SWTOTAL 

GRAND TOTAL FOR OPTIONAL TEST 

- .  

10 
10 
3 
23 

11 
10 

21 

13 
3 

16 

a0 

5 

-0- 

45 2 

715 .OOO 

AA 
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15 .O OPTION TO TEST ADDITIONAL SAND 

Afte r  t e s t i n g  of  the  zone from 16,718 f e e t  t o  16,754 f e e t  i s  completed and 

upon approval o f  a l l  concerned p a r t i e s ,  the wel l  could be plugged back t o  

- -  

a second zone and t e s t e d  through pe r fo ra t ions  16,462 f e e t  t o  16,490 f e e t .  

15.1 Plug Back Procedure 

A workover r i g  w i l l  have t o  be moved on loca t ion  t o  perform the  plug back. 

The we l l  should be k i l l e d  with 13.8 ppg o i l  based mud p r i o r  t o  moving i n  

the  r i g .  The workover procedure f o r  the plug back fol lows:  

Day No. Procedure 

1 F in i sh  moving i n  r i g  and r igg ing  up. 

2 Nipple down Christmas t r e e  and n i p p l e  up blowout preventer .  

Test blowout preventers  according t o  EOC s p e c i f i c a t i o n s .  

_Pull  ou t  of  ho le  with tubing. 

Go i n  ho le  with cement r e t a i n e r  on tubing and se t  i t  a t  

16,650 f e e t .  Squeeze pe r fo ra t ions  16,718 f e e t  t o  16,754 

f e e t  wi th  200 sacks of cement and spo t  100 f e e t  cement 

plug on top of r e t a i n e r ;  

5 P u l l  o u t  of h o l e  wi th  tub ing  and i n s t a l l  w i r e l i n e  guide on 

tubing. G o  i n  ho le  wi th  tubing.  

6 Displace 13.8 ppg mud with 9.0 ppg sa l twa te r .  P u l l  tubing 

up t o  16,350 f e e t .  

Eaton Industries of Houston, Inc. 

_- 

DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Operating Co., Inc. 
31 00 Edloe 

Houston, Texas 77027 

-176- 
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Day No. Procedure 

7 Nipple  down blowout p r e v e n t e r s  and n i p p l e  up Christmas tree. 

8 P r e s s u r e  t e s t  c a s i n g  and Christmas tree t o  6,000 p s i .  Rig 

down equipment and move o u t  r i g .  

9 A f t e r  r i g  h a s  moved o u t ,  p e r f o r a t e  w e l l  from 16,462 f e e t  t o  

16,490 f e e t  w i t h  1-11/16 inch  hol low c a r r i e r  gun, 8 h o l e s  p e r  

f o o t .  P r e s s u r e  c a s i n g  up t o  4,000 p s i  p r i o r  t o  f i r s t  p e r f o r a t -  

i n g  job. 

15.2 T e s t i n g  of  Second Zone 

The s u r f a c e  product ion  and tes t  f a c i l i t i e s  and t h e  w e l l  t e s t  procedure are 

expected t o  be s i m i l a r  t o  t h e  tes t  on t h e  f i r s t  zone. Reference i s  made 

t o  S e c t i o n s  10.0 and 11.0 i n  t h i s  book f o r  t e s t  f a c i l i t i e s  and procedures .  

P lug  back and t e s t i n g  c o s t s  are shown i n  Tables  15-1 and 15-2, r e s p e c t i v e l y .  

Eaton industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Operating Co., Inc. 
3100 Edloe 

Houston, Texas 77027 
(713) 627-9764 

-177- 



Ac corn t i n g  
Code 

02 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

24 

TABLE 15- 1 --- 
ESTIMATED COST TO COMPLETE 

OPTIONAL SAND 

MARTIN-CROWN ZELLERBACH WELL NO. 2 

I t e m  

F i e l d  Labor 

S i t e  

D r i l l i n g  

Tangible  

Expendables 

Cementing 

P e r f . ,  Ac id  

Equip. Renta l  

Cont rac t  S e r v i c e  

F r e i g h t  & Trans.  

Other  

- 

Insurance  

Cons u 1 t a n  t s 

Land Use 

T e s t i n g  

TOTAL 

O r i g i n a l  
E s t i m a t e  

$ 12,000 

16,000 

75,000 

6,000 

34 , 000 

27,000 

54,000 

9,000 

10,000 

16 , 000 

3,000 

-0- 

-0 - 
-0 - 

-0 - 
$ 263,000 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

Houston, Texas 77027 

DOE CONTRACT NO 
DE-AC08-80ET-2708 1 3 100 Edloe 

(71 3) 627-9764 
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Accounting 
Code 

02 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

24 

TABLE 15-2 

ESTIMATED COST TO PERFORM OPTIONAL 

GEOPRESSURED-GEOTHERMAL TEST 

MARTIN-CROWN ZELLERBACH WELL NO. 2 

I t e m  

F i e l d  Labor 

S i t e  

D r i  1 l i n g  

Tan g i b  1 e 

Expendables 

Cementing 

P e r f .  , Acid 

Equip. Renta l  

Con t ract  Se rv . 
F r e i g h t  & Trans .  

Other  

Insurance 

Consul tan ts  

- 

Land U s e  

T e s t i n g  

TOTAL 

O r i g i n a l  
E s t i m a t e  

$ 18,000 

-0 - 
-0- 

-0- 

12 , 000 

-0- 

-0 - 

-0- 

-0- 

23 , 000 

25 , 000 

-0 - 

5,000 

-0 - 
369 , 000 

$ 452,000 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 

Eaton Operating Co., Inc. 
3100 Edloe 

Houston, Texas 77027 
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SITE-SPECIFIC EWIR0SSESTA.L LSFORMATION CHECKLIST 

GEOPRESSLXED-GEOTdER3L4L FELL TEST PROGRAM 

WELL Martin Crown Zellerbach Well No. 2 

LOCATION Livingston Par i sh ,  La. 

A. GENERAL 

1. 

2 .  

3 .  

4. 

5 .  

6. 

Is t h e  proposed s i te  loca ted  i n  the  area covered by t h e  "Gulf 

Coast Programmatic Environmental Assessment, Geothermal Well 

Tes t ing ,  t he  F r i o  Fornat ion of Texas and Louis iana,  "October 

1977? Yes 

Has a Federa l ,  s t a t e  and/or l o c a l  environmental  assessment been 

conducted previous ly  f o r  the proposed t e s t  w e l l  o r  o t h e r  wells 

- -4 

X I f  no, expla in .  No - 

i n  the  area?  Yes No x I f  yes , provide a copy, i f  

avai lab  l e .  

Have a l l  requi red  p e r m i t s ,  l i c e n s e s ,  and/or agreements f o r  proposed 

No X I f  no,  expla in .  - p r o j e c t  been obtained? Y e s  
S t i l l  applying €or  p e r m i t s ,  e t c .  

Does t h e  p r o j e c t  s i t e  f a l l  w i t h i n  the  h a b i t a t  of r a r e  o r  endangered 

spec ie s?  Yes No - X I f  yes ,  expla in .  

A r e  known archeologica l  s i tes ,  h i s t o r i c  s i tes ,  o r  n a t u r a l  landmarks 

No x - wi th in  o r  v i s i b l e  from the s i t e  a rea?  Yes 

I f  yes, expla in .  

W i l l  expected continuous noise  l e v e l s  from s i t e  opera t ions  be 

65 dBA o r  less at t he  n e a r e s t  res idence?  

Yes No If no, e x i l a i n .  

- 180- 



Environmental 

-2- 

B. SITE CONSTRUCT105 

1. W i l l  a d d i t i o n a l  land c l e a r i n g  be requi red  for the  t es t  we l l  

(e .g . ,  d r i l l  pad, road cons t ruc t ion ,  mud reserve  p i t s ,  p i p e l i n e ) ?  

Yes No X I f  yes ,  descr ibe .  - 

2. 

3.  

4 .  

5 .  

6. 

7. 

W i l l  a d d i t i o n a l  land c l e a r i n g  be requi red  f o r  t h e  d i sposa l  

w e l l  ( e .g . ,  d r i l l  pad, reserve  p i t s ,  u t i l i t i e s ,  road cons t ruc t ion ,  

p i p e l i n e )  ? 

Yes x I f  yes, descr ibe .  - No - 

W i l l  t h e  s i t e  m d  r e l a t e d  roads be t r e a t e d  t o  minimize dus t ?  

X I f  no, expla in .  - No - Yes 
Location w i l l  be covered by boards.  No residence wi th in  one-half m i l e .  

A r e  po r t ab le  sanitary f a c i l i t i e s  o r  an approved s e p t i c  system 

t o  be used a t  t h e  s i t e ?  Yes x N o  I f  no,  expla in .  - - 

W i l l  l i q u i d  and s o l i d  wastes be disposed i n  accordance with l o c a l  

r egu la t ions?  Y e s  X , No I f  no,  expla in .  

W i l l  e ro s ion  c o n t r o l  be requi red  f o r  excavated areas? 

Yes NO - x I f  pes ,  explain. ,  

W i l l  dredge s p o i l  b e  deposi ted i n  swamp f o r e s t  o r  marshland? 

- -- 

X I f  yes ,  e x p l a i n . ~  - No - Yes 
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8 .  Upon completion of proposed test program, will the site be restored 

to as natural a condition as possible by regrading, filling, and - .  

reseeding? Yes X So - If no, explain. 

C. WELL TESTING AND SAFETY 

. 1. Is fluid production from the well during testing expected to be 

2 weeks or less in duration per formation? Yes No 

If no, explain. 

2 .  Is the total dissolved solids of the produced geopressure fluid 

expected to be 90,000 mg/l o r  less? Yes X No If no, explain. 

3 .  Is the volume of geopressure fluid to be produced and injected 

expected to be 300,000 barrels or less? Yes x No - - 
p If no, explain. 

4.  Is the temperature of produced geopressured fluid expected to 

If no, explain. X. No - be 260° C or less? Yes 

5 .  Will the gas content of the produced fluid be flared? 
. 4  

Yes 2 NO - If no, explain. 

6. Will blowout preventers rated to at least 10,000 psi be used? 

Yes 

Surface pressures are not expected to be over 5,000 P S I .  BOP'S with a 
5,000 P S I  W.P. rating are planned. 

NO X If no, explain. - - 
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7 .  W i l l  product ion tubing r a t e d  t o  a t  l e a s t  20,000 p s i ,  be used? 

Tubing w i l l  be hung open ended-. Pressures  - SO X I f  no,  expla in .  - should not  exceed 5,000 PSI. 
Yes 

8 .  Can s a f e t y  valves  be  opera ted  from remote l o c a t i o n s ?  

Yes X So - I f  no, expla in .  

9. W i l l  t h e  test t r e e  be r a t e d  t o  a t  l e a s t  10,000 p s i ?  

Yes X I f  no, expla in .  No - 
X 

No - 10. W i l l  a t es t  well d i r e c t i o n a l  survey be conducted? Yes 
- -4 

I f  yes ,  a t  what i n t e r v a l ?  , I f  no,  expla in .  T e s t  wel l  was d r i l l e d  as 
dry ho le  and i s  being t e s t e d  under DOE wel ls  of opportuni ty  program. 

W i l l  a l i n e d  pond be  used t o  ho ld  a l l  l i q u i d  e f f l u e n t s  and production 

f l u i d s  t h a t  are not i n j e c t e d ?  Yes 

11. 

No - X I f  no ,  expla in .  Not requi red  - 
by s t a t e .  

12 .  Has an i n j e c t i o n  permit been obtained? Yes No - X I f  no, expla in .  

13. W i l l  H2S monitors be loca ted  on s i t e ?  Yes x No 
Not f i l e d  f o r  y e t .  

I f  no, expla in .  - - 
* 

- 14. W i l l  f i r e  ex t ingu i she r s  be loca ted  on s i t e ?  Yes No - 
I f  no, expla in .  

15. Do contingency plans e x i s t  f o r  evacuat ing personnel should a blowout 

- occur o r  h igh  l e v e l s  of  H S be de tec ted?  Yes 

I f  no, expla in .  

- 2 

16. Wi l l -h igh-pressure  engineer ing and mud logging personnel be on s i t e  

No X during product ion w i l l  d r i l l i n g  opera t ions?  Yes - - 
If no, explain. No d r i l l i n g  t o  occur during completion opera t ions .  
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EXHIBIT A 

H2S SAFETY PROGRAM AND EMERGENCY EVACUATION PLAN 

W O N  OPERATING COMPANY, IEJC. 

MARTIN CROWN ZELLERBACH WELL N 0 . 2  

, LIVINGSTON PARISH, LOUISIANA 

Eaton Industries of Houston. Inc. 
DOE CONTRACT NO 
DE-ACO8-80ET- 2708 1 

.~ 
Eaton Operating Co., Inc. 

31 00 Edloe 
Houston, Texas 77027 

(713) 627-9764 
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PURPOSE 
- .  

The purpose of this section is to provide guidelines for procedures to be 

followed during the workover and testing operations on subject well which 

is known to have concentrations of up to 50 PPMhydrogen sulfide bearing 

gas. The inherent danger associated with the toxic hydrogen sulfide gas 

requires additional, more stringent, safety guidelines to be in effect 

during the operations. 

All personnel working at the well site will be required to familiarize 

themselves with these'general guidelines, and be prepared in the event 

an emergency condition develops. Emergency conditions developing during 

operations will require immediate action. 

are not designed to supplant judgment decisions by operating personnel 

during emergency conditions. 

The guidelines in this booklet 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE- ACOB - 80ET- 2 708 1 

Eaton Operating Co., Inc. 
3 100 Edloe 

Houston. Texas 77027 
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SAFETY PROGRAM 

FOR OPERATIONS WITH SOUR GAS 

I. Location of Equipment 

A. Drilling Equipment: The following criteria must be achieved: 

1. The drilling rig is to be situated on location so that 

the prevailing winds blow across the rig and toward the 

reserve pit. 

The location will be of sufficient s.ize to accomplish 

each job safely, i.e., large reserve pit, ample pipe 

rack and turn-around, etc. 

Cleared areas will be designated by a pennant and located 

in such a manner that one area will always be upwind. 

During any emergency, personnel will assemble in the 

"upwind area" for instructions from the Eaton Foreman. 

2. 

3 .  

4. Two (2)  wind socks with streamers wi3.1 be located to indicate 

current wind directions. 

All areas will be iglluminated at night. 

A list of the current emergency telephone numbers 

will be located on the ri$ bulletin board, the Eaton Foreman's 

trailer,=and the emergency equipment (EE) trailer. 

An automatic hydrogen sulfide (H2S)bmonitor will be provided. 

The H2S monitor alarm system will be tested d.aily at 7 A.M. 

The H2S detectors should be tested daily or as conditions 

warrant . 

5 .  

6. 

7. 

Eaton Industries of Houston, Inc. 
Eaton Operating Co.. inc. 

Houston, Texas 77027 

DOE CONTRACT NO 
OE-AC08-80ET*27081 31 00 Edloe 
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11. Drilling and Testing Guidelines 
- -  

A. Blowout Prevention Equipment 

1. When drilling, the minimum blowout prevention equipment will 
* be two ram BOP'S and 1 bag type. 

2. All BOP equipment and choke manifolds must be designed for 

sour service. 

3.  Whenever possible, Grade "B" seamless line pipe of proper 

pressure ratings will be used for all surface lines that 

may carry fluids containing H2S. 

use pipe other than Grade "B" seamless, it must be hardness 

tested to have a Rockwell C (Rc) value of 22 or less. 

If it is necessary to 

4. A 4" - 5000 psi line will be installed as straight as 
possible from the choke manifold to the bum pit. 

5 .  The BOP and choke manifold will be pressure tested according 

to Eaton testing procedures. 

6 .  The BOP will be operationally tested every 24 hours. 

B. Safety 

Every person who will be at the location in any capacity will 

be required to be fam5liar with emergency procedures and to 

participate in training program. 

rig personnel and service company personnel. 

be immediately trained in the use of protective equipment and 

techniques for combating H2S. 

This'includes Company personnel, 

New' employees must 

Keep untrained personnel and personnel 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-2708 1 

Eaton Operating Co., Inc. 
3 100 Edloe 

Houston, Texas 77027 
(71 3) 627-9764 
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with perforated eardrums off location. A safety meeting will 

be conducted a minimum of once per weeR per tour in which the 

following will be taught: 

1. 

2. Explanation of prevailing winds, importance of ventila- 

Explanation of seriousness of H S problem. 2 

tion, use of windsock and wind streamers, blowers and 

fans, movement upwind, and evacuation routes. 

3.  Use care in servicing of: 

a. Protective breathing equipment (air-paks, escape air 

bottles, and hose line). 

b. Portable H2S detection instruments. 

c. SO2 detection instruments. 

d. Explosimeter. 

e. Resuscitation equipment. 

f. Portable fire extinguishers. 

g. Alarm indicators. 

4. Mouth-to-mouth resuscitation and the fcllowing first aid 

procedure if-a person is overcome by hydrogen sulfide: 

a. 

b. 

Wear masks-if rescuing person in contaminated area. 

Immediately move person to fresh air and if not 

breathing, give mouth-to-mouth resus ciatation. 

A t  first opportunity, replace mouth-to-mouth resuscitation 

with resuscitator. 

c. 

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 
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d. Evacuate t o  a protected area and follow i n s t r u c t i o n s  

of supervisor. 
- .  

e. 9 not panic. 

10. Unannounced "blowout" d r i l l s  w i l l  be he ld  a t  the d i s c r e t i o n  

of the  Eaton Foreman. "Gas Discipline" w i l l  be maintained. 

When the  "masks on" period e x i s t s ,  there w i l l  be no exceptions. 

C. I g n i t i n g  the Well 

In  the  event of a blowout, the decision t o  i g n i t e  the w e l l  i s  the  

r e spons ib i l i t y  of the  d r i l l i n g  foreman. However, the dec is ion  

should be made only as a last  r e s o r t  and i n  a s i t u a t i o n  where i t  

i s  c l e a r  tha t :  

1. Human l i f e  and property a r e  endangered. 

2. There is no hope of con t ro l l i ng  the blowout under the  

preva i l ing  conditions of  the  w e l l .  

In  a l l  cases an attempt should be made t:o n o t i f y  the  Houston 

o f f i c e  of the plans t o  i g n i t e  the w e l l ,  i f  t i m e  permi ts .  However, 

the  foreman must not delay h i s  decision i f  human l i f e  is- threatened. 

REMEMBER, i f  the w e l l  is i gn i t ed ,  the  burning H2S w i l l  be converted 

t o  s u l f u r  d2oxide (SO21 $.which i s  a l s o  highly toxic.  

t h a t  the  a rea  is s a f e  a f t e r  the w e l l  is ign i t ed .  Follow through 

with a l l  plan t o  evacuate endangered persons. The following 

Do not assume 

~ s t eps  w i l l  be taken t o  i g n i t e  t he  w e l l :  

Eaton Industries of Houston, Inc. 
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HYDROGEN SULFIDE TOXICITY 

1. 10 ppm, maximum concentration for 8-hour exposure with no adverse 

effect . 
2. 50-100 ppm, 1-hour exposure will produce subacute poison symptons 

(mild conjunctivitis and respiratory tract irritation). 

100-200 ppm, coughing, eye irritation, loss of smell, pain in eyes, 

drowsiness and throat irritation. 

200-700 ppm, 1-hour exposure will produce marked poison symptoms. 

700-2000 ppm, produces acute poison, ranging from rapid unconsciousness 

and cessation of respiration to death in a few minutes at the higher 

concentrations. 

3. 

4. 

5 .  

-- 

6 .  5000 ppm - fatal. 
7. 

8. 

10 ppm can be detected by smell. 

100 ppm may produce impairment and temporary loss of the sense of smell 

in 3 to 15 minutes. 

Poison symptoms: 

a. Burning of eyes, nose and throat. 

b. Coughing. 

c. 

d.  

e. 

Conjunctivitis'(inf1ammation of.mucous membrane under eyelids). 

Gastritis (inflammation of mucous' membrane of stomach). 

Dyspnea (difficult or labored breathing); 

f. 'Dumbness - not having the usual accompanient of speech and sound. 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

Houston. Texas 77027 
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g. Slow pulse. 

h. Headache. 

i. Perspiration. 

j. Contracted pupils. 

k. Convulsions (abnormal violent and involuntary contraction of 

muscles). 

1. Paralysis. 

m. Unconsciousness. 

Eaton Industries of Houston, Inc. 
Eaton Operating Co., Inc. 

Houston, Texas 77027 
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TABLE A-1 

DEFINITION OF OPERATING CONDITIONS 

Three operating "conditions" are defined as: 

Condition I - No danger to human life . 

Characterized by: 1. Drilling or completion operations are normal. 

2. - No drilling breaks, kicks, gas cut mud; etc. 

have occurred to indicate that formation 

fluids may have entered the well bore. 

3. Hydrogen sulfide (H2S) concentration 

at any of the H2S monitors is indicated 

to be 5 ppm or less. 

General Action: 1. Periodically check safety equipment ( g a s  

masks, air tanks, H2S detectors, etc.) 

to ensure proper functioning. 

2. Be alert fo r  any changes in drilling and 

completion conditions which may indicate 

intrusion of formation fluids. 

Condition I1 - Potential danger to life 
Characterized by: 1. Poisonous gas present near the threshold 

concentration (H2S: 5-10 ppm) (SO2: 5 ppm). 

2. Drilling break,.well kick, gas cut mud, etc., 

have -occurred to indicate that formation fluids 

may have entered the well bore. 

Eaton Industries of Houston. Inc. 
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3. Very minor poisonous gas leaks from 

valves, f langes,  equipment, e t c .  

When pul l ing a conventional core out 4 .  

of the hole. 

General Action: 1. A i r  tanks with gas masks attached should 

be worn o r  placed i n  an area so t ha t  they are 

readi ly  accessible.  

at  t h i s  t i m e .  

Do not wear face mask 

2. Check a l l  gas masks, a i r  bo t t l e s  , l i nes  and 

other  sa fe ty  equipment f o r  proper operation. 

A l e r t  a l l  crew members and service personnel 3. 

t o  the proper assembly area. 

Eaton foreman i s  t o  ensure upwind assembly 4 .  

area is properly designated. 

Condition I11 - Danger t o  l i f e  

Characterized by 

either: 1. Poisonous gas concentration above safe limit. 

H2S: 11 ppm o r  grea te r  

S02: . 6 ppm o r  grea te r  

; 2. Moderate gas leaks 0.f poisonous gas (see above 

fo r  concentrations) from valves, f langes,  l i n e s ,  

e tc .  
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General Action: 1. A l l  personnel should begin using t h e i r  s e l f -  - 
contained breathing apparatus (gas masks). - -  

2. The "buddy system" w i l l  immediately go i n t o  

e f fec t .  

3. Personnel not e s sen t i a l  t o  the operation 

should go t o  the safe  assembly area. 

In  the event of complete loss  of control of the well ,  the following w i l l  be 

i n  e f f ec t :  

1. Stay i n  the "upwind or  sa fe  assembly area" i f  not working t o  control  

o r  correct  the s i tua t ion .  

areas i f  noise o r  other  hazards become excessive. Evacuation 

should proceed a f t e r  not i fying the person i n  charge, i f  possible) .  

( I t  may be necessary t o  evacuate these 

2. Follow instruct ions of the foreman. 

3. The foreman w i l l  i gn i t e  the w e l l  as  outl ined i n  sect ion t i t l e d  

"Igniting the Well". 

with an absolute minimum of personnel. 

immediate hazard area w i l l  wear a self-contained breathing apparatus. 

Foreman w i l l  conduct any necessary operations 

A l l  persons working i n  the 

A l l  other perso.me1 w i l l  r e s t r i c t  t h e i r  movements t o  those d i rec ted  

by foreman. 

4. I f  the w e l l  is igni ted,  the burning hydrogen su l f ide  (H2S) w i l l  be 

converted' t o  su l fur  dioxide (SO which i s  a l so  poisonous. There- 

fore,  I)O NOT assume-that the area i s  safe  a f t e r  the gas is igni ted.  

Continue t o  observe emergency procedures and follow the ins t ruc t ions  

of the foreman. 

2 

-- 
a 
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General Emergency Action 

In the event an emergency s i tua t ion  occurs without any pr ior  warnings 

(e.g.,sudden gas leaks, gas i n  mud, H S alarm sounds): 

- .  

2 

1. Hold your breath. 

2. Evacuate quickly t o  the "upwind assembly area" (Dr i l l e r  - 
If  t i m e  permits, s top  motion of r i g . ) .  

3. DO NOT PANIC. 

With p r i o r  warning of presence of poisonous gases, Condition I1 w i l l  be i n  

e f f ec t ;  therefore,  i f  the s i t ua t ion  suddenly worsens (e.g. ,  increase i n  

gas leaks,  high gas cut from mud, o r  H S alarm i s  sounded by the monitoring 

operator) : 

2 

~ 1. Hold your breath. 

2. Put on gas masks. 

3. Driller - Secure r ig .  

a. Stop motioq of r ig .  

b. 

Help anyone d o  may be affected by gas. 

Evacuate quick?.y t o  the "upwind assembly area". 

Close blowout preventers i f  necessary. 

4. 

5 .  

6. DO NOT PANIC. 

The foreman w i l l  assess the s i t ua t ion  and assign dut ies  t o  various persons 
. .  

t o  bring the s i tuat ion 'under  control. Follow h i s  ins t ruc t ions ;  the success 

of t h i s  plan depends on your cooperation. 

has been determined, a l l  persons w i l l  be advised. 

When the severi ty  of  the s i t u a t i o n  

Eaton Industries of Houston, Inc. 
DOE CONTRACT NO. 
DE-AC08-80ET-27081 

Eaton Operating Co., Inc. 
31 00 Edloe 

Houston. Texas 77027 

-198- 
(713) 627-9764 



I T E M  

1 

- 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

TABLE A-2 . 
EMERGENCY EQUIPMENT (TRAILER IN~~ENToRY) 

QUANTITY DESCRIPTION 

4 

1-250' 

8-50 ' 
3 

1 

1 

12 

2 

5 

8 

2 

2 

6 PDK'Racks (Total 24) 300 : .3 comp. 

Air Cylinders with Cascade Manifold 

S ta in less  S tee l  Line 

Hose Lines 

Outlets 

R e f i l l  Hose 

4 Channel H S Gas Detector w/Explosion 2 

Proof Lights and Siren 

H2S Spot Check Pocket Detectors (Lead 

Acetate Tape) 

Wind Socks with 2-110' Streamers 

Survivair  Self Contained Breathing Units 

(30 d n .  supply) Pressure Demand 

10 Minute Escape Paks. Work Units with 

Hose Connector Attachments with Fiberglas 

. Housings 

H2S (Ad Hyrdogen Sulfide) "Sniffer" 

Detectors (Bendix Type) 

Warning Si'gns-"No Smoking' Beyond This Point" 

"Regtricted Keep Out, Hydrogen Sulf ide 

' 

Poisonous Gas" 
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ITEM 

13 

14 

- 

EMERGENCY EQUIPMENT (TRAILER INVENTORY) 

QUANTITY 

1 

2 

CONTINUED 

DESCRIPTION 

Explosimeter Plus Calibration Kit 

Explosion Proof "Bug Blower" Fans 
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TABLE A-3 

Eaton Houston O f f i c e  

J. E. Evans 
V.P. Opera t ions  

R.  Z .  K l a u z i n s k i  
Chief Petroleum Engineer  

EMERGENCY TELEPHONE NUMBERS 

EATON INDUSTRIES 

Telephone No. 

D. Garrett 
Test Manager 

D. A.  Langford 
Deputy P r o j e c t  Manager - DOE P r o j e c t  

C.  F e a t h e r s t o n  
V.P. Engineer ing  

Liv ings ton  Co. S h e r i f f  

Dixon Memorial Hospital 

( 7 1 3 )  627-9764 

Home Phone N o .  

( 7 1 3 )  440-6490 

( 7 1 3 )  444-4695 

( 7 1 3 )  376-1586 

( 7 1 3 )  376-1681 

( 7 1 3 )  440-8564 

( 5 0 4 )  686-2241 

( 5 0 4 )  665-8211 
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