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I . SUMMARY INFORMATION 

Well Name 

Surface Location 

Elevations 

Target Locations 
Top 

Bottom 

Target Depths 
Top 

Bottom 

Target Tolerance 

T o t a l Depth 

Well Objective 

Rigs 
Preparation 
D r i l l i n g 
Testing/Compietion 

Estimated Rig A r r i v a l 
P reparation 
D r i l l i n g 
Testing/Completion 

Estimated Time on w e l l 
Preparation 
D r i l l i n g 
Testing/Completion 

Federal 15 No. 2 

McKinley County, New Mexico 
I960' FNL, 999' FWL 
Sec 15, T 19 N, R 5 W 

6,616' RKB 
6,604' GL 

2,435' FNL, 727' FWL 
525' i n d i r e c t i o n S30°W 

3,604' FNL, 52' FWL 
1,875' i n d i r e c t i o n S30°W 

5,179' TVD RKB 
5,475' MD RKB 

5,191' TVD RKB 
6,825' MD RKB 

10' v e r t i c a l window, 
3' above proposed l i n e , 
7' below proposed l i n e . 

5,191' TVD RKB 
6,825' MD RKB 

Entrada Sandstone O i l Producer 

Ram Service Co Rig 1 
Unknown 
Ram Service Co Rig 1 

November 13, 1989 
January 16, 1990 
January 30, 1990 

10 days 
15 days 
• 7 days 

Estimated Well Cost $ 580,095 
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I I . DISCUSSION 

The Papers Wash o i l pool i s l o c a t e d i n McKinley County, New 
Mexico, approximately 75 miles southeast of Farmington, New 
Mexico. I t l i e s i n the Chaco Slope province of the San Juan 
Basin, and was discovered by Dome Petroleum, i n October 1976 
w i t h the Federal 15 No. 1 w e l l . Papers Wash i s t y p i c a l of 
Entrada o i l pools i n the basin, i n t h a t i t i s an o i l 
accumulation i n what was once a l a r g e Entrada sand dune. The 
r e s e r v o i r rock i s a very clean, f i n e t o medium grained 
sandstone w i t h p o r o s i t y of 25% and a i r p e r m e a b i l i t i e s 
between 300 and 800 md. The o i l has a g r a v i t y of around 32° 
API, GOR too small t o measure, and v i s c o s i t y of around 8 cp 
under r e s e r v o i r c o n d i t i o n s . The r e s e r v o i r d r i v e i s base 
water. 

Production h i s t o r i e s of t h i s and s i m i l a r Entrada r e s e r v o i r s , 
are c h a r a c t e r i z e d by e a r l y water cuts which r a p i d l y exceed 
99%, o f t e n r e q u i r i n g the l i f t i n g of f l u i d volumes i n excess 
of 4,000 BPD t o maintain economic o i l r a t e s . Well production 
ceases when the high water cut causes poor economics. The 
mechanism be l i e v e d t o be responsible f o r the high water cut 
d u r i n g p r o d u c t i o n i s the formation of an extensive water 
cone around the wellbore. This i s due t o the unfavorable 
m o b i l i t y r a t i o i n combination w i t h a t h i n o i l column and the 
h i g h l y permeable r e s e r v o i r rock, and there i s a f u r t h e r 
p o s s i b i l i t y t h a t the problem was aggravated by formation 
damage caused by poor d r i l l i n g p r a c t i c e s . 

Based upon studies of p r e v i o u s l y d r i l l e d and t e s t e d Entrada 
w e l l s , t h e r e i s evidence of severe formation damage, w i t h 
c a l c u l a t e d skins of around +12. The damage mechanism i s 
thought t o be p r i n c i p a l l y r e d u c t i o n i n r e l a t i v e p e r m e a b i l i t y 
t o o i l , due t o the increased water s a t u r a t i o n around the 
wellbore caused by f i l t r a t e i n vasion from the d r i l l i n g 
f l u i d . A secondary, and p o t e n t i a l l y more serious damage 
mechanism i s plugging of the sand face by p a r t i c l e s from the 
mud. Pore sizes measured i n a d e t a i l e d r e s e r v o i r study of 
the nearby Eagle Mesa f i e l d suggest t h a t the Entrada 
sandstone may be p a r t i c u l a r l y s u s c e p t i b l e t o t h i s type of 
damage. 

The o b j e c t i v e of the Federal 15 No. 2 h o r i z o n t a l r e d r i l l i s 
t o determine the economic impact of a h o r i z o n t a l completion 
on the u l t i m a t e recovery of the o r i g i n a l o i l i n place. 
I n t u i t i v e t h i n k i n g leads t o the b e l i e f t h a t the low u n i t 
pressure drawdown of a h o r i z o n t a l wellbore w i l l g r e a t l y 
r e t a r d the onset of high water c u t s , assuming t h a t the 
wellbore i s placed i n a manner which allows i t t o avoid 
i n t e r s e c t i n g e x i s t i n g water cones, and -hat i t i s placed as 
high as p o s s i b l e above the base of the movable o i l . This 
placement w i l l also allow the w e l l t o d r a i n the p o r t i o n of 
the r e s e r v o i r which l i e s undrained due t o the formation of 
the water cones around the e x i s t i n g w e l l s . 



The s t r u c t u r e map and r e s e r v o i r p r o f i l e c l e a r l y i l l u s t r a t e 
t h i s s t r a t e g y . The Federal 15 No. 2 w e l l was chosen so t h a t 
the h o r i z o n t a l wellbore can be d r i l l e d across the top of the 
s t r u c t u r e , approximately p a r a l l e l t o the o i l water contact, 
but s t a y i n g a maximum distance above i t . The path of the 
w e l l takes i t between the 16-2, the 15-4 and the 16-1 w e l l s , 
but by s t a y i n g between the w e l l s and high i n the s t r u c t u r e , 
i t i s not a n t i c i p a t e d t h a t any water cones w i l l be 
i n t e r s e c t e d by the w e l l . The same reasoning a p p l i e s f o r the 
cone surrounding the 15-2 w e l l b o r e ; the h o r i z o n t a l wellbore 
w i l l be approximately 500 f e e t away from the v e r t i c a l 15-2 
wellbore by the time the Entrada i s encountered, and i t i s 
bel i e v e d t h a t t h i s should place the w e l l outside the 
e x i s t i n g water cone. 

The Federal 15 No. 2 h o r i z o n t a l w e l l i s intended as a p i l o t 
p r o j e c t f o r the f u t u r e development or the re-development of 
Entrada r e s e r v o i r s , and t h i s places more s t r i n g e n t than 
normal requirements on the d r i l l i n g and completion process. 
As w e l l as changing e a r l i e r p r a c t i c e s which damaged the 
r e s e r v o i r rock, i t i s necessary t o gather s u f f i c i e n t 
i n f o r m a t i o n d u r i n g d r i l l i n g and completion t o be able t o 
e f f e c t i v e l y evaluate the success or otherwise o f the 
p r o j e c t . To t h i s end, i t i s planned t o o b t a i n a d e t a i l e d mud 
l o g , a standard set of e l e c t r i c l ogs, and t o perform a 
d i a g n o s t i c w e l l t e s t t h a t w i l l allow the. w e l l ' s p r o d u c t i v i t y 
and damage t o be q u a n t i f i e d . I n the case of a marginal 
performer, t h i s i n f o r m a t i o n becomes v i t a l t o the d e c i s i o n 
making process, since i t allows o b j e c t i v e e v a l u a t i o n of 
whether the problem l a y i n the assumptions made about the 
r e s e r v o i r , or i n the p r a c t i c e s used t o d r i l l and complete 
the w e l l . 

The Federal 15 No. 2 w e l l was shut i n November 1984, a f t e r 
producing almost 120,000 bbls of o i l . At the time of shut-
i n , the w e l l had been producing a t a water c u t of 99.75%. 
The w e l l i s cased w i t h 7", 23 l b / f t , K-55 grade casing, and 
has a Reda G-110 e l e c t r i c submersible pump a t 3073' on a 
s t r i n g of 3-1/2" 9.3 l b / f t J-55 t u b i n g . The work plan c a l l s 
f o r moving i n a completion r i g and p u l l i n g t h i s completion 
equipment, and then preparing the wellbore f o r the 
h o r i z o n t a l r e d r i l l . I n order t o do t h i s , the Entrada 
p e r f o r a t i o n s w i l l be cemented o f f , the casing w i l l be 
inspected f o r c o r r o s i o n using w i r e l i n e logs, and r e p a i r e d i f 
necessary. Remedial cementation w i l l be performed i n the 
area where the w e l l w i l l be kicked o f f , and a gyro survey 
w i l l then be conducted t o a c c u r a t e l y p o s i t i o n the w e l l b o r e . 

A f t e r the p r e l i m i n a r y work i s complete, a d r i l l i n g r i g w i l l 
be moved i n , and a window w i l l be cut i n the casing, using a 
casing whipstock system, t o allow the w e l l t o be sidetracked 
a t 4,650' RKB. Angle w i l l be b u i l t t o h o r i z o n t a l using 
double bend, s t e e r a b l e motors c o n t r o l l e d by a w i r e l i n e 
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s t e e r i n g t o o l . The plan c a l l s f o r the w e l l t o be h o r i z o n t a l 
5' v e r t i c a l l y below the Entrada top. Near h o r i z o n t a l 
wellbore w i l l then be d r i l l e d across the s t r u c t u r e u n t i l the 
o v e r l y i n g T o d i l t o Limestone i s encountered on the south 
f l a n k of the s t r u c t u r e , a l l o w i n g about 1,350 f e e t of near 
h o r i z o n t a l wellbore t o be d r i l l e d i n the Entrada sandstone. 
The d r i l l i n g system w i l l be a s t e e r a b l e , s t a b i l i z e d motor 
assembly, using an MWD t o o l f o r d i r e c t i o n a l c o n t r o l . 

The d r i l l i n g f l u i d system used w i l l be designed t o be as 
non-damaging as p o s s i b l e , by c a r e f u l l y c o n t r o l l i n g the 
s o l i d s content below 3% and m a i n t a i n i n g t i g h t f l u i d l o ss 
c o n t r o l . F l u i d d e n s i t y w i l l be c o n t r o l l e d a t 8.6 l b / g a l or 
l e s s , using a high speed, f i n e screen shaker and a 
hydrocyclone d e s i l t e r . A f t e r d r i l l i n g i s complete, the w e l l 
w i l l be logged using conventional t o o l s conveyed on 
d r i l l p i p e . Following logging, a 4-1/2" l i n e r w i l l be run. 
This l i n e r w i l l be p r e - p e r f o r a t e d i n the Entrada sandstone 
i n t e r v a l , but w i l l be cemented back i n t o the 7" casing 
through the Morrison formation. A newly designed system, 
c o n s i s t i n g of a cement f i l l e d e x t e r n a l packer, a p o r t 
c o l l a r , an i n t e r n a l t u b i n g s t i n g e r and a conventional 
mechanical l i n e r hanger, w i l l be u t i l i z e d t o accomplish t h i s 
o b j e c t i v e . The cement s l u r r y w i l l be designed t o s a t i s f y the 
s p e c i a l requirements of a near h o r i z o n t a l w e l l . 

A f t e r the l i n e r cementation, the d r i l l i n g r i g w i l l be 
released and the completion r i g w i l l be moved back i n . 
Before normal production i s i n i t i a t e d , the w e l l w i l l be 
t e s t e d t o a s c e r t a i n p r o d u c t i v i t y and damage. A simple, but 
unique t e s t s t r i n g w i l l be used t o o b t a i n a s t a b i l i z e d flow 
p e r i o d and a d i a g n o s t i c build-up t e s t . Design problems 
in v o l v e d p l a c i n g the gauges a t the rock face i n a h o r i z o n t a l 
w e l l , and being able t o run a d i a g n o s t i c t e s t w i t h the w e l l 
under a r t i f i c i a l l i f t . The r e s u l t s of the w e l l t e s t w i l l be 
used t o determine the completion technique f o r u l t i m a t e 
p r o d u c t i o n , and the economic v i a b i l i t y of f u t u r e Entrada 
h o r i z o n t a l w e l l s . 
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Figure 1. Location Map 
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I I I . DETAILED OPERATIONS PLAN 

1. PRE-SPUD MEETINGS 

1) A pre-spud meeting w i l l be held i n Farmington f o r 
Merrion, D r i l l i n g Contractor and Service Company 
personnel. Any f i n a l m o d i f i c a t i o n s r e q u i r e d i n the 
d r i l l i n g program w i l l be agreed upon a t t h a t time. I t 
i s p a r t i c u l a r l y important t h a t a l l m a t e r i a l 
requirements are v e r i f i e d a t t h i s meeting. A l l planned 
t o o l s t r i n g s should be reviewed t o i d e n t i f y any needed 
cross over subs. 

2) A pre-spud meeting w i l l be he l d a t the r i g f o r a l l w e l l 
s i t e personnel. This meeting w i l l be conducted as e a r l y 
as p o s s i b l e a f t e r the r i g moves i n t o l o c a t i o n . 

2. WELLBORE PREPARATION 

a. General Remarks 

The wellbore p r e p a r a t i o n phase w i l l be conducted using a 
small completion r i g , Ram Rig 1. The 3-1/2" t u b i n g and Reda 
pump w i l l be p u l l e d and l a i d down. A Schlumberger c o r r o s i o n 
lo g (METT) w i l l be run t o determine the c o n d i t i o n of the 
casing i n the k i c k - o f f zone, and t o determine whether or not 
casing r e p a i r s w i l l be necessary f u r t h e r up the hole. The 
Entrada p e r f o r a t i o n s w i l l be cemented o f f w i t h a balanced 
plug, a f t e r which a remedial cement j o b w i l l be attempted i n 
the k i c k - o f f zone. The o r i g i n a l CBL, run i n 1977, shows no 
cement i n t h a t area. A f t e r t h i s , the casing w i l l be r e p a i r e d 
by backing o f f and p u l l i n g the o l d casing i n the case of 
severe damage, or by squeeze cementing i n the case of 
minimal damage. F i n a l l y , a cased hole gyro survey w i l l be 
run, and the r i g moved out. 

b. Procedure 

1. Prepare surface l o c a t i o n , set anchors i f necessary. 
B u i l d small reserve p i t f o r f l u i d s . 

2. MIRU Ram workover r i g w/ reverse equipment, catwalk and 
BOPS. 

3. Truck out, from Piedra, 5,500 f t of 2-7/8" EUE 6.5 
l b / f t J-55 t u b i n g f o r use as a work s t r i n g . 

4. Blow down w e l l t o mud p i t or down f l o w l i n e i f 
necessary. Unset 3-1/2" t u b i n g and POH. ( r i g up cable 
spooler i f needed) T a l l y t u b i n g and l a y down. Remove 
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submersible pump and prepare f o r storage. 

5. Haul 3-1/2" and pump t o Lybrook yard f o r temporary 
storage. 

6. Pick up, t a l l y and RIH w/ casing scraper and 2-7/8" 
t u b i n g toPBTD (Est. 5,370' KB). C i r c u l a t e w e l l t o 
remove o i l and load w i t h produced water. POH and stand 
back. 

7. Rig up Schlumberger cased hole services. Run ETT 
co r r o s i o n l o g from 4,550' - 4,750' across k i c k o f f p o i n t 
and from DV t o o l § 2,785' KB. (Run t o surface i f 
necessary) 

8. RIH w/ 2-7/8" t u b i n g open ended t o PBTD. Spot 70 sx 
class "B" or equivalent (1.18 f t 3 / s x ) from PBTD t o " 
5,000' KB t o plug o f f e x i s t i n g Entrada p e r f s . POH w/ 
2-7/8" t u b i n g . WOCT. 

9. Rig up W i r e l i n e . p e r f o r a t e 4 squeeze holes @ 4,665' KB 
and 4 squeeze holes @ 4,610' KB. 

10. Run 7" cement r e t a i n e r on w i r e l i n e and set § 4,660' KB. 

11. RIH w/ 2-7/8" t u b i n g and s t i n g i n t o cement r e t a i n e r @ 
4,660' KB. Attempt t o e s t a b l i s h c i r c u l a t i o n . 

12. I f able t o c i r c u l a t e , batch mix 25 sx of cement s l u r r y , 
class "G" w/ 0.6% f l a c , y i e l d 1.18 cu f t / s x . Displace 
t h r u p e r f s @ 4,665' KB back up outside o f 7" back i n t o 
casing. S t i n g out of r e t a i n e r , p u l l t o 4,580' KB and 
reverse clean. (Spot cmnt and squeeze upper holes i f 
deemed necessary) POH w/ 2-7/8" t b g . 

13. Based on r e s u l t s of c o r r o s i o n l o g , run 7" RCP and 
i s o l a t e bad casing i f deemed necessary. 

14. I f casing must be replaced, RIH w/ 2-7/8" t u b i n g and 
stack out on cement top. Leave i n 7" casing a t a 
convenient h e i g h t . Rig down, move r i g out of way. 

15. Dig out around wellhead. Remove casinghead cap on 
Bradenhead t o allow 7" s l i p s t o move. Collapse 10-3/4" 
surface w/ welder by c u t t i n g windows. Reweld 10-3/4" 
c o l l a r onto surface casing a f t e r 7" i s unset. 
R e i n s t a l l Bradenhead. 

16. F i l l back i n around surface casing. Move r i g back and 
r i g up. POH w/ 2-7/8" t u b i n g . 

17. Rig up backoff t r u c k . Take f r e e p o i n t below bad casing 
and above cement squeeze @ 1,894-' - 1,926', i f needed. 
Back o f f 7" casing. 
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18. Run 2-7/8" t u b i n g i n t o PBTD p r i o r t o complete back o f f 
t o act as a guide. C i r c u l a t e hole f u l l of d r i l l i n g 
mud, d i s p l a c e water and o i l . Complete backoff. Haul 
replacement 7" 2 3 l b / f t casing t o l o c a t i o n . 

19. Rig up casing crew. POH w/ 7" casing and l a y down, 
( t a l l y ) R o l l out of way. 

20. Pick up 7" replacement casing and t a l l y i n t o hole over 
2-7/8" t u b i n g guide. Screw i n t o 7" casing l o o k i n g up. 
C i r c u l a t e w e l l t o clean up. POH. I n s t a l l 3,000 p s i 
wellhead f o r d r i l l i n g o peration. 

21. I f casing i n good shape w/ minimal holes, squeeze w/ 
cement and d r i l l out. 

22. Rig up S c i e n t i f i c D r i l l i n g I n t e r n a t i o n a l . Run Gyro 
survey from PBTD t o surface. 

23. Lay down 2-7/8" work s t r i n g i f necessary. Shut-in 
w e l l . Wait on d r i l l i n g r i g . RDMO. 

c. Materials and Services 

1. Tubulars Piedra Supply: 327-8475 
Mark Merrion 

2. Cementing Dowell-Schlumberger 
Sid Christenson 325-5096 

3 . Logging Schlumberger 
B i l l K e l t ' 325-5006 

4 . Gyro Survey SDI (Midland, Texas) 
George Moody (915) 563-1339 
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3. SIDETRACKING PROCEDURE 

a. General Remarks 

The A-Z Pack Stock t o o l s were selected as the most e f f i c i e n t 
means t o cut a window. Since the anchor, whipstock and 
s t a r t e r m i l l are a l l run together, a t l e a s t one round t r i p 
i s e l i m i n a t e d w i t h these t o o l s . The technique has been used 
w i t h an extremely good success record by Amoco i n Norway, 
w i t h only one t o o l f a i l u r e i n 16 runs. I t i s e s s e n t i a l , 
however, t h a t there i s good cement outside the casing. The 
CBL run i n 197" a f t e r the primary cementation shows poor 
cement i n the area, so remedial cementation w i l l be 
performed d u r i n g the wellbore p r e p a r a t i o n w i t h t he 
completion r i g . 

I f severe problems are encountered w i t h the window 
procedure, a backup set of s e c t i o n m i l l i n g equipment w i l l 
have been sourced and w i l l be a v a i l a b l e i n Farmington. 

b. Preparation of Pack Stock Components 

c. Window Milling 

a. Caliper OD of m i l l s . They should be 6.125". 

2. Check h y d r a u l i c hose on Pack-Stock f o r punctures. 

3. Inspect the shear b o l t block and the shear b o l t f o r 
damage du r i n g shipment. The shear b o l t thread should 
be f r e e of dings and burr s t h a t would prevent the nut 
from t o r q u i n g up pr o p e r l y . 

NOTE: I f the Pack-Stock assembly i s shipped w i t h o u t 
the shear b o l t block welded t o the whip-stock, see the 
f o l l o w i n g drawing f o r block l o c a t i o n : 

7" Pack-Stock type DPS70 10 

Please note t h a t the l a r g e r bevel of the shear b o l t 
block should be located toward the top of the whip­
stock. 

4. Prepare Running Tool (Figure 5 ) . 

a) Break o f f crossover ( 1 ) . 
b) Remove p i s t o n ( 2 ) . 
c) Replace crossover. 
d) Check p o s i t i o n of sleeve ( 3 ) . 
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d. Pack Stock Running & Settinq Procedure 

1. Condition d r i l l i n g f l u i d t o a minimum v i s c o s i t y o f 45 
seconds. Mud weight should be maintained a t around 8.5 
t o 9.0 l b / g a l . 

2. Pick up a s i n g l e j o i n t of 3-1/2" Grade S-135 d r i l l pipe 
w i t h e l e v a t o r . 

3. Suspend d r i l l pipe i n the mouse hole and make up the 
running assembly onto the d r i l l pipe i n the f o l l o w i n g 
order: 

O r i e n t a t i o n Sub (connection chain tong t i g h t . ) 
Crossover Sub 
By-Pass Valve 
Running Tool, Crossover on Running Tool should be 
chain tong t i g h t only. 
S t a r t e r M i l l 

4. Using a i r tugger or h o i s t l i n e , p i c k up the Pack-Stock 
and hang through the r o t a r y . Set d r i l l c o l l a r s l i p s 
and s a f e t y clamp. 

5. Make up S t a r t e r M i l l t o Pack-Stock. Tighten shear b o l t 
t o 100 f t - l b s . Connect h y d r a u l i c hose. 

6. Remove c a t l i n e hook, d r i l l c o l l a r s l i p s and s a f e t y 
clamp. 

7. Lower assembly. Set d r i l l c o l l a r s l i p s and s a f e t y 
clamp on Running Tool body j u s t below Running Tool 
crossover. See Figure 6 

8. Break crossover/body connection on Running Tool. F i l l 
w i t h clean h y d r a u l i c f l u i d t o a depth of 25" from the 
box shoulder, see Figure 5. Allow f i v e minutes f o r 
entrapped a i r t o be released. 

9. Break the pipe cap o f f the n i p p l e end of the Running 
Tool p i s t o n . Cover open end of n i p p l e w i t h a c l o t h and 
i n s t a l l the p i s t o n i n t o the Running Tool p i s t o n . Cover 
open end of n i p p l e w i t h a c l o t h and i n s t a l l the p i s t o n 
i n t o the Running Tool u n t i l the top of the p i s t o n i s 
22-1/4 from the box shoulder, see Figure 5. 

10. Replace pipe cap. 

11. Make up the Running Tool connection. 

12. Pick the assembly up and s c r i b e a l i n e , which a l i g n s 
w i t h the face of the whipstock, along the assembly up 
to the o r i e n t a t i o n sub. 
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13. Set the s l i p s on the o r i e n t a t i o n sub. Break out the 
s i n g l e j o i n t of d r i l l pipe and o r i e n t the key w i t h the 
scr i b e d l i n e . 

14. Make up s i n g l e j o i n t of d r i l l pipe onto o r i e n t a t i o n 
sub. 

15. Make up d r i l l c o l l a r s e q u i v a l e n t t o recommended m i l l i n g 
weight plus 25%. See Table I , f o r recommended m i l l i n g 
weights and rpm f o r S t a r t e r M i l l . 

16. T r i p i n the hole w i t h the hook on the block i n the 
unlocked p o s i t i o n using d r i l l pipe and k e l l y t o s e t t i n g 
depth. 

17. When the s e t t i n g depth i s reached, work the s t r i n g up 
and down t o determine hole drag. See f i g u r e 9 f o r 
d e t a i l s of the hole a t the s e t t i n g depth. 

18. Break out k e l l y and run SDI surface readout gyro t o 
o r i e n t the Pack-Stock t o S30.0°W. 

19. Make up k e l l y and lower t o s e t t i n g depth. Mark k e l l y 
f o r S t a r t e r M i l l distance per Table I . 

20. Apply mud pressure g r a d u a l l y t o 3000/3500 p s i through 
the d r i l l s t r i n g and hold one minute. WATCH THE 
PRESSURE GAGE. Between 1800 and 2200 p s i a bobble of 
the needle can be observed. This i n d i c a t e s the packer 
has begun t o set. A minimum of 3 000 p s i i s r e q u i r e d t o 
ensure complete s e t t i n g of the packer. 

21. While m a i n t a i n i n g 3000/3500 p s i , p u l l and slack o f f 
3 0,000 l b s . t h r e e t o f i v e times over drag weight. Hold 
each s t r a i n f o r 1 minute. F i n a l l y , p u l l u n t i l S t a r t e r 
Mill/Pack-Stock connection shears (approximately 50,000 
t o 60,000 l b s . ) . 

e. Starter M i l l Operation 

1. P o s i t i o n S t a r t e r M i l l 2 t o 3 f e e t above the Pack-Stock. 
Begin r o t a t i o n . Record r o t a r y speed, torque, 
c i r c u l a t i o n r a t e and pressure. 

2. Slowly lower the S t a r t e r M i l l and m i l l per Table I 
recommendations. 

NOTE: Table I contains two m i l l t r a v e l distances. One 
column f o r m i l l t r a v e l measured from o r i g i n a l l o c a t i o n 
of S t a r t e r M i l l before shearing the b o l t . The other 
column measured from the p o i n t where the S t a r t e r M i l l 
begins t a k i n g torque. Both of these dimensions are f o r 
reference only. I f m i l l i n g weight or torque increase 

14 



before t r a v e l i n g t h i s d istance, p u l l out of hole. An 
increase i n weight or toque or decrease i n m i l l i n g r a t e 
i n d i c a t e s the s t a r t of m i l l i n g of the whipstock. 

3. P u l l out of hole w i t h S t a r t e r M i l l . 

4. When out of hole, remove S t a r t e r M i l l , By-Pass Valve, 
Running Tool and O r i e n t a t i o n Sub. 

TABLE I 

STARTER MILL OPERATION 

Casing s i z e & weight 7" 23.0 l b / f t 

M i l l Diameter 6.125" 

M i l l t r a v e l from Shear Block 31" (Note 1) 

M i l l Travel from Torque 22" (Note 2) 

Weight on Bottom 1000 - 6000 l b s 

S t a r t e r M i l l RPM 60 - 90 

Note l : This distance measured from the o r i g i n a l l o c a t i o n of 
the m i l l before shearing the b o l t . 

Note 2: This distance measured from p o i n t m i l l begins t a k i n g 
torque. 

NOTE: Both these dimensions are f o r reference only. An 
increase weight or torque or decrease i n m i l l i n g r a t e 
i n d i c a t e s the s t a r t of m i l l i n g of the whipstock. 

f. Window M i l l Operation 

1. Make up Window M i l l , Watermelon M i l l , Crossover Sub, 
s i n g l e j o i n t of high grade d r i l l pipe, c o l l a r s , d r i l l 
pipe and k e l l y per Figure 7. 

2. Lower Window M i l l i n p o s i t i o n 2 t o 3 f e e t above the 
Pack-Stock. S t a r t r o t a t i o n and c i r c u l a t i o n . Record 
r o t a r y speed, torque, c i r c u l a t i o n r a t e and pressure. 

3. Lower the Window M i l l u n t i l i t contacts the PackStock. 
M i l l per Table I I recommendations. 

NOTE: When the center p o i n t i s reached, a decrease i n 
torque and/or p e n e t r a t i o n may be experienced. Should 
t h i s occur, increase the weight on the m i l l and 
decrease rpm. This w i l l cause the Window M i l l t o f l e x 
out away from the face of the Pack-Stock and o f f the 
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center p o i n t . When the center i s passed, an increase 
i n p e n e t r a t i o n and torque w i l l be recognizable. A f t e r 
one f o o t of p e n e t r a t i o n a t the increased weight, b r i n g 
the d r i l l i n g weight and rpm back t o t h a t p r e v i o u s l y 
used and continue m i l l i n g the window. 

4. I f p e n e t r a t i o n r a t e f a l l s t o zero f o r more than one 
hour, p u l l out of hole and replace Window M i l l . Begin 
m i l l i n g w i t h replacement m i l l using l i g h t weight and 
high rpm f o r 30 minutes. Resume normal weight and rpm. 
Continue m i l l i n g . 

5. A f t e r m i l l i n g the l e n g t h of the Pack-Stock face, m i l l 
10 f e e t of formation. This provides l e n g t h f o r the 
S t r i n g M i l l t o t r a v e l the f u l l l e n g t h of the window on 
the successive run. 

6. Make several passes through the window t o clean up any 
burrs and check against p o s s i b l e f i l l . 

7. P u l l out of the hole. 

TABLE I I 

WINDOW MILL OPERATION 

Pack Stock Size 7" 

Weight on Bottom - Normal 6,000 - 12,000 l b s 
- Maximum 20,000 l b s 

Window M i l l RPM - Normal 60 - 90 
Maximum 90 

Whipstock Face Taper Length 7 f t 10.5". 

cr. Sidetracking Taper M i l l Operation 

1. When out of the hole, p i c k up the f o l l o w i n g i n the 
order given. (See Figure 8) 

S i d e t r a c k i n g Taper M i l l 
S t r i n g M i l l and/or Watermelon M i l l (Optional) 
Crossover or B i t Sub as r e q u i r e d 
24 4-3/4" D r i l l C o l l a r s 
3-1/2" Grade E d r i l l pipe as r e q u i r e d t o reach 
s e t t i n g depth. 

2. Lower the S i d e t r a c k i n g Taper M i l l i n p o s i t i o n 2 t o 3 
f e e t above the Pack-Stock. S t a r t r o t a t i o n and 
c i r c u l a t i o n . Ream the window very slowly which w i l l 
clean up the window t o f a c i l i t a t e running any BHA 
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through the window during future operations. Make 
several passes. 

A f t e r reaming, stop r o t a r y and slack o f f through 
window. I f unusual drag i s encountered, ream u n t i l 
smooth. 

P u l l out of the hole. Do not attempt to d r i l l ahead 
with the Taper M i l l . 

h. D r i l l i n g Notes 

1) Do not r o t a t e a b i t or s t a b i l i z e r down the face of the 
Packstock. 

2) I f the window and the open hole have t o be squeezed, 
the window must be reopened w i t h a Window M i l l , not a 
r o l l e r b i t . , 

3) Leave the hook unlocked on a l l t r i p s out of the hole. 

4) Pass through the window very slowly on a l l t r i p s . 

5) The f o l l o w i n g are the make-up torque ranges f o r the 
Pack Stock running t o o l connections: 

3-1/2" API Regular 9,200-10,100 f t / l b s 
3-1/2" IF 12,300-13,600 f t / l b s 

i . D r i l l i n g F l u i d Program 

The use of d i t c h magnets i s s t r o n g l y recommended t o exclude 
s t e e l c u t t i n g s from the mud tanks and pump suc t i o n s . 

Suggested Mud Prope r t i e s 

Mud weight 8.5 - 9.0 l b / g a l 
Funnel V i s c o s i t y > 45, a d j u s t as d i c t a t e d by operations 
API F l u i d Loss No c o n t r o l 

Volume Reguirements 

Hole Volume 180 bbls 
Surface Volume 2 00 bbls 
Contingency 120 bbls 

500 bbls 

Formulation 

Gel 22 l b / b b l 
Caustic Soda 0.7 l b / b b l 
Lime 1.2 l b / b b l 
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i . Materials and Services 

SDI 
1 ea Monoconductor W i r e l i n e U n i t 
1 ea Bottom Hole O r i e n t i n g Sub 
1 ea SDI Surface readout gyro 

O i l f i e l d Rentals / Dotco 
1 ea d i t c h magnet 
24 ea 4-3/4 x 2-1/4" d r i l l c o l l a r s 
1 set handling equipment f o r c o l l a r s ( l i f t subs, s a f e t y 

clamp, s l i p s ) 

D r i l e x 
1 ea 7" Pack-Stock assemblies, c/w shear b o l t blocks. 
1 ea Pack Stock t o o l box, c/w shear b o l t and hex nuts. 
1 ea Pack Stock r e p a i r k i t 
1 ea Running Tools f o r Pack Stock 
1 ea By-Pass Valve Assembly 

1 ea S t a r t e r M i l l 
2 ea Window M i l l 
2 ea Watermelon M i l l 
2 ea S t r i n g Taper M i l l 
2 ea S i d e t r a c k i n g Taper M i l l 
1 ea Crossover Sub 
Hydraulic o i l 

Mud M a t e r i a l s - M i l p a r k 

Item U n i t Quantity 

Bentonite 100 l b 110 
Caustic Soda 50 l b 7 
Lime 50 l b 12 
Mud Test Equipment 

Personnel 

SDI Engineer and w i r e l i n e crew 
Mud Engineer -
AZ se r v i c e man 
Mud Logger 
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LEAVE LOOSE 
(CHAIN TONG TIGHT) 

LEAVE LOOSE 
:CHAIN TONG TIGHT) 

SET SLIPS BELOW THIS JOINT 
VHEN FILLING RUNNING TOOL WITH 

FLUID 

A-? r-ACK-STOCK 
RUNNING ASSEMBLY 

FIG. 

Nl l i 

DRILL PIPE 

DRILL COLLARS 

ONE JOINT 
HIGH GRADE 
DRILL PIPE 

ORIENTING SUB 

CROSSOVER SUB 
(SEE PAGE 20 J 

•BY-PASS VALVE 

RUNNING TOOL 

-STARTER MILL 

ES-O-I 



A-Z WINDOW MILL ASSEMBLY 

FIG. 

'ffl 
'Mill 

Mi 

'DRILL PIPE 

•DRILL COLLARS 

-ONE JOINT 
HIGH GRADE 
DRILL PIPE 

-CROSSOVER 
SUB 

fSEE PAGE 20) 

•WATERMELON 
MILL (OPTIONAL) 

•WINDOW MILL 

ES-O-I 





CASING 
SIZE r 

PACK-STOCK 
— easing sidetrack system 

W R I G H T 23 lb/6-

L_AI 

4 ^ ' DEPTH 

CASING COLLAR 

4^33 ' DEPTH 

TOP OF WINDOW 

DEPTH 
BOTTOM OF WINDOW 

4^51 DEPTH 
BOTTOM OF PACKSTOCK 

44,4.3 DEPTH 
CASING COLLAR 





4. ANGLE BUILD INTERVAL 

a. General Remarks 

A D r i l e x D475SB mud motor assembly (see f i g u r e 11) w i l l be 
used t o d r i l l the curved i n t e r v a l of the w e l l . The motor i s 
a s p e c i a l l y shortened h y b r i d v e r s i o n of the standard D475 
D r i l e x motor. The wear pad, instead of being behind the bend 
i n the motor housing, has been moved t o the f r o n t of the 
bend t o shorten the distance from the b i t t o the next 
contact p o i n t , and thereby increase the b u i l d tendency. This 
assembly has not been used before i n t h i s s i z e o f hole, 
however based upon runs w i t h a very s i m i l a r assembly i n 6-
1/4" hole, and computer c a l c u l a t i o n s , i t should produce 
b u i l d r a t e s of between 13° and 15°/100 f t . 

Due t o the u n c e r t a i n t y , a tangent i n t e r v a l has been 
programmed i n the t r a j e c t o r y , t o allow the t a r g e t t o be 
achieved w i t h an average b u i l d r a t e as low as 10.9°/100 f t . 
This tangent i n t e r v a l w i l l be d r i l l e d a t an i n c l i n a t i o n of 
around 45°-50°, and the l e n g t h w i l l be determined a t 
w e l l s i t e , based on the a c t u a l performance o f the 4-3/4" 
b u i l d motor. 

A s t e e r i n g t o o l w i l l be used f o r d i r e c t i o n a l i n f o r m a t i o n 
dur i n g the angle b u i l d . The high data r a t e s , and 
instantaneous readout, make t h i s a sensible choice f o r the 
c r i t i c a l f i r s t w e l l i n a new area. Future w e l l s , having the 
advantage of p r i o r knowledge, can use an MWD f o r d i r e c t i o n a l 
c o n t r o l . The tangent i n t e r v a l , since i t r e q u i r e s surface 
r o t a t i o n of the pipe, cannot use a s t e e r i n g t o o l , and w i l l 
be surveyed using an e l e c t r o n i c s i n g l e shot t o o l on 
w i r e l i n e . 

The tangent i n t e r v a l w i l l be d r i l l e d w i t h a s t a b i l i z e d , 
s t e e r a b l e mud motor assembly, and i s expected t o be q u i t e 
s h o r t , between 70 and 100 f e e t t o t a l l e n g t h . 

b. Procedure 

The f o l l o w i n g should be used as a guide t o the s e l e c t i o n of 
BHA and d r i l l s t r i n g t o i n i t i a t e the angle b u i l d : (top down) 

D r i l l Pipe, 3-1/2" Grade E 
Heavy weight d r i l l pipe, 3-1/2" OD 90' 
D r i l l C o l l a r s , 4-3/4" 720' 
Heavy weight d r i l l pipe, 5" OD 180' 
Non Magnetic D r i l l C o l l a r s , 6-1/2" OD 60' 
UBHO sub 2' 
Short Non-magnetic d r i l l c o l l a r 10' 
D r i l e x motor, 4-3/4" w i t h 1°BH & 0.75° BS 18' 
B i t , 6-1/8" OD, IADC se r i e s 5-1-7X 
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Exercise extreme care when e n t e r i n g the window i n the 7" 
casing. I n i t i a l l y , time d r i l l i n g w i l l r e s u l t i n the most 
e f f i c i e n t k i c k o f f . Due t o the f r a g i l e nature of the 6-1/8" 
b i t bearings, the f i r s t b i t run should not exceed 150 f e e t , 
or 8 hours d r i l l i n g time, whichever comes f i r s t . 

At each b i t or assembly change d u r i n g the b u i l d , add heavy 
weight pipe between the c o l l a r s and the non-magnetic 
c o l l a r s , t o accomodate the planned l e n g t h o f the next b i t 
run, w i t h o u t l e t t i n g the c o l l a r s pass through the window. 
The proposed c o n f i g u r a t i o n may b u i l d angle a t a higher r a t e 
than d e s i r e d , but i t i s c r i t i c a l t o achieve a f a s t k i c k o f f 
and not t o f a l l behind the planned 12°/100 f t b u i l d r a t e . 
A f t e r the i n i t i a l k i c k o f f , a s p e c i a l l y m o dified Hughes B35M 
p o l y c r y s t a l l i n e diamond b i t w i l l be used, and i t i s 
a n t i c i p a t e d t h a t t h i s b i t should d r i l l the e n t i r e angle 
b u i l d i n t e r v a l , w i t h t r i p s necessary only t o d r i l l a tangent 
i n t e r v a l . 

I f the b u i l d r a t e , once reasonably s t a b l e , i s averaging more 
than 11°/100 f t , then a tangent s e c t i o n w i l l be d r i l l e d a t 
an i n c l i n a t i o n of about 50°. This w i l l be accomplished w i t h 
a conventional D r i l e x s t e e r a b l e motor (see f i g u r e 12). The 
f o l l o w i n g should be used as a guide t o the s e l e c t i o n of BHA 
and d r i l l s t r i n g t o d r i l l the tangent s e c t i o n : (top down) 

D r i l l Pipe, 3-1/2" Grade E 
Heavy weight d r i l l pipe, 3-1/2" OD 90' 
D r i l l C o l l a r s , 4-3/4" 720' 
Heavy weight d r i l l pipe, 5" OD 480' 
Non Magnetic D r i l l C o l l a r s , 6-1/2" OD 60' 
Non Magnetic IB s t a b i l i z e r , 6" OD 5' 
Short Non-magnetic d r i l l c o l l a r 10' 
D r i l e x s t e e r a b l e BH motor, 4-3/4" 18' 
B i t , 6-1/8" OD, IADC s e r i e s M6-4-6 

I f deemed necessary, a less aggressive double bend motor may 
be picked up t o complete the balance of the b u i l d i n t e r v a l . 
The aggressiveness of the double bend angle b u i l d motor 
assembly i s normally c o n t r o l l e d by a d j u s t i n g t he degree of 
the bent housing or the thickness of the wear pad, but i n 
the case of the h y b r i d motor, i t i s not po s s i b l e t o increase 
the bend i n the housing past 1 degree. 

I f drag problems develop d u r i n g the b u i l d , s h o r t t r i p s w i l l 
be made back i n t o the 7" casing each 90 f e e t d r i l l e d . A 
s t a b i l i z e d hole opener run w i l l be made i f the problems 
p e r s i s t . D r i l l i n g w i t h the double bend motor assembly w i l l 
be stopped when the i n c l i n a t i o n has reached about 85 degrees 
t o allow f o r the p r o j e c t e d on-bottom survey and f o l l o w 
through. C i r c u l a t e a minimum of two bottoms up w h i l e working 
the s t r i n g , t o ensure t h a t the hole i s cleaned of c u t t i n g s . 
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DRILEX SYSTEMS, INC. 

Tool Configuration and Dog Legs 

D475SB for Build #1 Interval 

T, 

Measurements and Configuration Results: 

Li = 3.67 ft. 
Ti = 4.75 in. 
&2 = 34 degs. 

L3 = 6.2 ft. 
Pi = 0.375 in. 

Bi = 0.8 ft. 
6*1 = 1 degs. 

Hole size = 6V& in. Overall Length of System (incl. bit) = 10.67 ft. 

Calculated Dog Leg for above configuration = 13.577100' (100% sliding) 

Notes on Dog Leg Expectancy Predictions 

Predictions are based on 100% sliding mode. 
While the motor is sliding, it is assumed that an in-gauge hole is drilled. 
The formation is assumed to be homogenous. 
A short gauge bit will produce better directional tendancies than an ex­
tended gauge bit. 
The dogleg prediction figures should be regarded as rules of thumb, as forma­
tion characteristics, bit profile, and drilling parameters can all affect the 
directional response. 
Final field-use motor configuration recommendations may differ from the 
above due to changes because of actual experienced drilling conditions. 

1) 
2) 
3) 
4) 

5) 

6) 



DRILEX SYSTEMS, INC 

Tool Configuration and Dog Legs 
D475 for Tangent Interval 

1 

Li 
Bi 
Si 
01 

Hole size 
Spacing between stabilizers = 24.95 ft. 

Calculated Dog Leg for above configuration = 3° 7' (100% sliding) 
2° 20' ( 75% slidine) 
1° 33' ( 50% sliding) 
0° 46' ( 25% sliding) 

Additional Dog Leg Calculations for D475 
01 SI Ci Distance s 2 

Bend Bottom Pony Collar Between Top Dog Leg 
Angle Stabilizer Length Stabilizers Stabilizer Expectancy 
(degs.) (in.) (ft.) (ft.) (in.) (deg./lOO ft.) 

6 0. 18.95 6 3° 15' 
57/8 3° 26' 
5^8 "3° 47' 

6 10. 28.95 6 2° 55' 
57/8 2° 60' 

Measurements and Configuration Results: 

1.68 ft. 
0.8 ft. 
6 in. 
34 degs. 

L 2 = 7.09 ft. 
Ti = 4.75 in. 
S2 = 6 in. 

L3 = 10.11ft. 
Ci = 10. ft. 
S3 = 1.75 ft. 

= 6Vfc in. Overall Length of System (incl. bit) = 27.43 ft. 



DRILEX SYSTEMS, INC. 

Technical Specifications 

Drilex D475 PDM 

Outside Diameter 4V4in. 120 mm 

Overall Length (approx.) 213 fl. 6.49 m 

Weight 770 lbs. 350 Kg 

Top Connection (Box Up) 3V2in. IF 
Make Up Torque 8300 ft.-lbs. 11,200 Nm 

314 in. REG. 
Make Up Torque 8000 ft.-lbs. 10,800 Nm 

Bit Connection (Box Down) 3V2 in. REG. 
Make Up Torque 8000 ft.-lbs. 10,800 Nm 

4l/2 in. REG. 
Make Up Torque 15,000 ft.-lbs. 20,300 Nm 

Bit Size Range 57/g in. - 7Vg in. 149.2 - 200.0 mm 

Bit Type Rollercone, PDC, Diamond 

Maximum Bit Pressure Drop 1500 psi 10,300 kPa 

Lobe Configuration 5/6 

Operating Fluid Water/Oil Base Mud 

Maximum Mud Weight I 7 PPg 2040 kg/m3 

Maximum Sand Content 2% (by volume) 

Maximum Bottom Hole Circulating 240°F 115°C 
Temperature 

Maximum Weight On Bit 25,000 lbs. 11,125 daN 

Flow Range 100 - 250 gpm 3S0 - 9501/min 

Output Shaft Speed 140 - 350 rpm 

Flow To Output Shaft Speed Ratio (approx. 0.72 gal/rev 2.7 1/rev 
value for no load situation) (1.4 rev/gal) (2.7 rev/1) 

Pressure Drop at Maximum Torque lOOOpsi 6900~kPa 

Maximum Operating Torque 1800 ft.-lbs. 2436 Nm 

Output Torque per 100 psi Delta Pressure 166 ft.-lbs. 225 Nm 

Maximum Power Output 120 hp 

Maximum Overpull Without POOH 50,000 lbs. 22.6S0 Kg 

Maximum Permissible Overpull 100,000 lbs. 45.360 Kg 



DRILEX SYSTEMS, INC. 

Well Plan Profile 

Merrion Oil & Gas 
Papers Wash Field, McKinley County, New Mexico 

Federal 15 #2 

RECTANGULAR COORD 
N(+) E(+) 

MD INC. AZIMUTH TVD S(-) W(-) CLOSURE DOGLEG 
(FT) (DEG) (BEARING) (FT) (FT) (FT) (FT) /IOO') 

Start Build #1, course length, 417' 

4650. .00 S 30.0 W 4650.0 .0 .0 .0 .00 
4750. 12.00 S 30.0 W 4749.3 -9.0 -5.2 10.4 12 .00 
4850. 24.00 s 30.0 W 4844.2 -35.7 -20.6 41.3 12 .00 
4950. 36.00 s 30.0 W 4930.6 -79.0 -45.6 91.2 12 .00 
5050. 48.00 s 30.0 W 5004.8 -136.8 -79.0 158.0 12 .00 
5067. 50.00 s 30.0 W 5015.8 -147.7 -85.3 170.6 12 .00 

Start Tangent, course length 80' 

5067. 50.00 s 30.0 W 5015.8 -147.7 -85.3 170.6 .00 
5147. 50.00 s 30.0 W 5067.2 -200.8 -115.9 231.9 .00 

Start Build #2, course length 329' 

5147. 50.00 s 30.0 W 5067.2 -200.8 -115.9 231.9 .00 
5150. 50.40 s 30.0 W 5069.3 -203.0 -117.2 234.4 12 .00 
5250. 62.40 s 30.0 W 5124.5 -275.0 -158.8 317.5 12 .00 
5350. 74.40 s 30.0 W 5161.3 -355.4 -205.2 410.4 12 .00 
5450. 86.40 s 30.0 W 5177.9 -440.6 -254.4 508.8 12 .00 
5476. 89.50 s 30.0 W 5178.9 -462.9 -267.3 534.6 12 .00 

Begin Lateral Reach, course length 1340' 

5476. 89.50 s 30.0 W 5178.9 -462.9 -267.3 534.6 .00 
5550. 89.50 s 30.0 W 5179.5 -527.2 -304.4 608.7 .00 
5750. 89.50 S 30.0 W 5181.3 -700.4 -404.4 808.7 .00 
5950. 89.50 S 30.0 W 5183.0 -873.6 -504.4 1008.7 .00 
6150. 89.50 S 30.0 W 5184.8 -1046.8 -604.4 1208.7 .00 
6350. 89.50 S 30.0 W 5186.6 -1220.0 -704.4 1408.7 .00 
6550. 89.50 S 30.0 W 5188.3 -1393.2 -804.4 1608.7 .00 
6750. 89.50 S 30.0 W 5190.1 -1566.4 -904.4 1808.7 .00 
6816. 89.50 S 30.0 W 5190.7 -1623.5 -937.3 1874.7 .00 
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d. D r i l l i n g F l u i d Program 

The d r i l l i n g f l u i d used t o d r i l l the Morrison and Entrada 
i n t e r v a l s w i l l be a l i g h t weight, low s o l i d s , g e l polymer 
mud. A minimum of c l a y s o l i d s w i l l be used i n f o r m u l a t i o n , 
and i t i s e s s e n t i a l t h a t the tanks are thoroughly cleaned 
p r i o r t o mixing the new mud. Weight should be c o n t r o l l e d a t 
8.6 l b / g a l or l e s s , and f l u i d .loss should be kept below 6 
ml/3 0 min once the top of the Entrada i s reached. P r i o r t o 
reaching the Entrada, the API f l u i d l o ss should be 
maintained between 10 and 15 ml/3 0 min. 

Hole cleaning i n h o r i z o n t a l w e l l s presents unusual problems, 
i n t h a t t h e r e are t h r e e d i f f e r e n t i n t e r v a l s i n the w e l l , 
each r e q u i r i n g d i f f e r e n t f l u i d r h e o l o g i c a l p r o p e r t i e s . The 
best cleaning i n the h o r i z o n t a l i n t e r v a l comes from 
t u r b u l e n t f l o w , but t h i s r e s u l t s i n poor cleaning i n the 
angle b u i l d and v e r t i c a l i n t e r v a l s . Accordingly, a 
compromise rheology w i l l be used, w i t h the y i e l d value of 
the mud maintained between 10 and 18 lb/100 f t . The planned 
flow r a t e s of 200 gal/min w i l l g ive annular v e l o c i t i e s of 
about 19 5 f t / m i n between the hole and the 3-1/2" pipe. 

Good s o l i d s c o n t r o l w i l l be e s s e n t i a l t o an economic and 
non-damaging mud. A Cagle high t h r u s t , f i n e screen shaker 
w i l l be used, w i t h i n i t i a l screen sizes of 200 mesh or 
f i n e r . The r i g d e s i l t e r should be checked t o ensure t h a t the 
i n l e t m anifold pressure i s a t l e a s t 35 l b / i n 2 . I f i t i s not 
p o s s i b l e t o keep the mud weight w i t h i n s p e c i f i c a t i o n w h i l e 
d r i l l i n g , due t o high ROP or any other reason, a d d i t i o n a l 
s o l i d s c o n t r o l equipment w i l l be rented. 

Suggested Mud Properties 

Mud weight 
Funnel V i s c o s i t y 
Y i e l d value @ 125°F 
API F i l t r a t e (Morrison) 

(Entrada ) 

Solids Content 
Excess PHPA 

8.5 - 8.6 l b / g a l 
3 3 - 36 sec/qt 
10 - 15 lbs/100 f t 2 

10 - 15 ml/30 min. 
< 6 ml/30 min. 
8.5 - 3.0 
< 4% by volume 
0.5 - 1.0 l b / b b l 

Volume Reguirements 

Hole Volume @ 6,8:5' 265 bbls 
Surface Volume 600 bbls 
D i l u t i o n / c o n t i n g e n c y 485 bbls 

1,350 bbls 
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Formulation 

Wyoming Bentonite 
PHPA 
PAC-Regular 
PAC-LoVis 
Caustic Soda 
Leonardite 

8.0 l b / b b l 
1.0 l b / b b l 
0.5 l b / b b l 
0.5 l b / b b l 
0.3 l b / b b l 
4.0 l b / b b l 

e. B i t and Hydraulic Program 

B i t No. Make Type IADC Code Jets Depth I n 

1 
2 

Reed 
Hughes 

HP51A 
B35M 

5-1-7X 
M6-4-6 

10,10,10 
11,11,11 

4,650 
4,800 

A n t i c i p a t e d Hydraulics 

Pump r a t e s 
Standpipe Pressure 

180 - 200 gal/min, 
1600 - 2400 l b / i n ; 

These numbers should be used as a rough guide only, as 
h y d r a u l i c s w i l l be a l t e r e d a t w e l l s i t e as d i c t a t e d by hole 
c o n d i t i o n s . 

O f f s e t Well B i t I n f o r m a t i o n 

Morrison / Entrada ( a l l 8-3/4" size) 

W e l l Type Feet Hours F t / h r WOB/RPM 

15-6 F3 1251 84 . 75 14.8 35/60 
21-3 J33 1439 143.75 10. 0 40/50 
16-2 F3 960 57.0 16.8 
1 SF S86 800 82 . 0 9.8 
20-4 F3 1102 59 .25 18 . 6 
21-4 F3 1056 68. 0 15.5 
AB 1 FP52 1149 70.75 16. 2 
15-2 F3 1272 84 15. 0 35/50 
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Polycrystalline Diamond Bit 

• Unique medium formation bit that incorporates a patented intermixing 
of scribe and round cutters to set up a kerfing action enhancing pene­
tration rates. 

• Cutter shape variation and resultant cutting action increase bit life by 
overcoming harder transitions more effectively. 

• Ribbed cutter placement controls drilling fluid to efficiently cool cutting 
elements. 

• Shallow cone profile distributes weight on bit and cutter loading 
extremely well upon encountering harder transitions. 

• Large number of primary tiD ground PDC gage cutters are augmented 
by backup PDC gage cutters to maximize full hole protection. 

• The B35M provides an extremely durable PDC drilling bit for rotary and 
motor applications. It can be used to drill friable sands, durable shales, 
limestones and medium dolomites and to maintain gage through abra­
sive stringers. It is aimed at applications where penetration rates of 10 to 
20 feet per hour are exoected. 
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6-1/8" B35M 

PRODUCT SPECIFICATIONS: STANDARD MODEL 

IADC CODE 
PROFILE 
BODY MATERIAL 

Mt$46 w 

Shallow Cone 
Matrix 

CUTTER - SET 
- FACE NO. 
- GAGE NO. 
- TOTAL NO. 

Bladed 
21 
15 
36 

NO. STD. BODY NOZZLES 
NO. "HEXFLOW" BODY NOZZLES 

JUNK SLOT AREA(IN ) 

LENGTH - MAKEUP FACE TO NOSE 
- OVERALL 
- GAGE 

3. 1 

11-3/8" 
15" 
2-3/4" 

API REGULAR PIN 
SHANK O.D. 
APPROX. SHIPPING WT. (LBS) 

3- 1/2" 
4- 3/4" 
95 

OPERATING SPECIFICATIONS: 

FLOWRATE (GPM) 

HYDRAULIC HORSEPOWER/IN2(HSI) 

BIT WEIGHT - NORMAL (LBS) 
- MAXIMUM (LBS) 

162 - 206 

2.0 - 4.0 

9 , 187 - 18, 375 
21,437 

ROTARY SPEED (RPM) 10- - Turbine 

Hughes Diamond Products models are con s t a n t l y reviewed and r e f i n e d . 
Product improvements may a l t e r a p a r t i c u l a r s p e c i f i c a t i o n . 

"Hughes", "HT emblem" and "Hexflow" are r e g i s t e r e d trademarks o f the Hughes 
Tool Company. 



f. Materials and Services 

D r i l l i n g Tools 

D r i l e x 
1 ea D r i l e x 4.75" h y b r i d motor w i t h 1.25° BH and 0.75° BS 
2 ea D r i l e x 4.75" Steerable motor w i t h 0.75° BH and 6" 

bottom s t a b i l i z e r . 
2 ea motor dump valves f o r D r i l e x motors 

SDI 
2 ea 4-3/4" x 2-1/4 x 30 f t long non magnetic d r i l l c o l l a r s 
1 ea 4-3/4" x 2-1/4 x 10 f t long non magnetic d r i l l c o l l a r 
1 ea 4-3/4" x 2-1/4 x 6 f t long non magnetic d r i l l c o l l a r 
2 ea 6" OD IB non-magnetic s t r i n g s t a b i l i z e r s 
1 ea 5-7/8" OD IB non-magnetic s t r i n g s t a b i l i z e r s 
2 ea 3-1/2" IF double p i n non-magnetic crossover subs 
2 ea 3-1/2" IF double box non-magnetic crossover subs 
1 ea Champ I I e l e c t r o n i c m u l t i s h o t t o o l 
1 ea f i l m r e c ording magnetic s i n g l e shot k i t 
1 ea W i r e l i n e pump down c i r c u l a t i n g head, w i t h 3-1/2" IF 

connection 
1 ea SDI Eye-3 s t e e r i n g t o o l , c/w side e n t r y sub 
1 ea monel sensor f o r s i n g l e shot. 
2 ea PMS timer-camera f o r s i n g l e shot 
1 ea NM survey catcher, 3-1/2" IF 
1 ea monoconductor w i r e l i n e t r u c k 

Baker Hughes D r i l l i n g Systems 
2 ea Baker MWD t o o l s , c/w surface equipment 
1 ea 4-3/4" x 2-11/16 x 30 f t non magnetic d r i l l c o l l a r 
1 ea flow sub, 3-l/2"IF box x 3-1/2" IF p i n 
1 ea mule shoe sub, 3-l/2"IF box x 3-1/2" IF p i n 
1 ea 6-1/8" b i t , Hughes B35M PDC, w i t h 1" long gauge 
1 ea b i t breaker f o r 6-1/8" Hughes PDC b i t 

D r i l l B i t & Supply 
3 ea 6-1/8" b i t s , IADC se r i e s 5-1-7X 
3 ea 6-1/8" b i t s , IADC se r i e s 5-3-7 
2 t e t s J e t Nozzles f o r b i t s , s i z e 10/32 
2 sets J e t Nozzles f o r b i t s , s i z e 12/32 
1 ea J e t Nozzle p l i e r s 

1 ea b i t breaker f o r 6-1/8" r o l l e r cone b i t 

O i l f i e l d Rentals/Dotco 
42 j t s 3-1/2" 13.3 l b / f t Grade S d r i l l pipe 
30 j t s 3-1/2" Heavy weight d r i l l pipe, w i t h 2-1/4" ID 
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Mud M a t e r i a l s - Milpark 

Item U n i t Ouantitv 
Bentonite 100 l b 110 
Caustic Soda 50 l b 8 
N e w d r i l l 5 g a l 55 
Drispac 50 l b 15 
Drispac Superlo 50 l b 15 
Ligco 50 l b 100 
New Thin 5 g a l 10 

Personnel 

D i r e c t i o n a l D r i l l e r 
2 Baker MWD Engineers 
Mud Logging Crew 
SDI W i r e l i n e Operator 
SDI Surveyor 
TIW s e r v i c e man 
CTC s e r v i c e man 
Cementer 
Casing Crew 



5. LATERAL INTERVAL 

a. Procedure 

The l a t e r a l s e c t i o n w i l l be d r i l l e d m a i n t a i n i n g an angle o f 
approximately 89.5°, so t h a t 12' v e r t i c a l l y o f the Entrada 
Sandstone i s d r i l l e d over the planned 1350' i n t e r v a l . The 
s e c t i o n w i l l be d r i l l e d using a f u l l y s t a b i l i z e d bent 
housing s t e e r a b l e system, which w i l l a llow d r i l l s t r i n g 
r o t a t i o n f o r normal d r i l l i n g . This system w i l l a l l o w 
d i r e c t i o n a l c o r r e c t i o n s t o be made w i t h o u t t r i p p i n g out of 
the hole, by o r i e n t i n g and d r i l l i n g w i t h o u t surface 
r o t a t i o n . 

I t i s important t o d r i f t a l l pipe, c o l l a r s , subs and t o o l s 
t o 2.25" as they are f i r s t picked up. The a b i l i t y t o 
w i r e l i n e r e t r i e v e the Baker MWD t o o l i n the event of stuck 
pipe depends on a c l e a r 2-1/4" ID d r i l l s t r i n g . 

Two sets of d r i l l i n g j a r s w i l l be run i n the s t r i n g , one 
located immediately above the non-magnetic d r i l l c o l l a r s i n 
the BHA segment, and a second set i n the lower p a r t of the 
d r i l l c o l l a r s i n the v e r t i c a l p a r t of the w e l l . The lower 
j a r s are f o r j a r r i n g a stuck BHA, which i s most l i k e l y t o 
occur because of c u t t i n g s accumulation. The upper set of 
j a r s are f o r j a r r i n g the s t r i n g loose from the angle b u i l d 
i n t e r v a l , where keyseat formation i s most l i k e l y . The upper 
j a r s are normally unable t o d e l i v e r enough f o r c e t o f r e e the 
BHA due t o lowside f r i c t i o n d i s s i p a t i n g the energy. 
I n d i v i d u a l s e t t i n g s f o r the j a r s w i l l be decided a t 
w e l l s i t e , a f t e r observation of the magnitude of up and down 
drags. 

I t i s extremely important t o ensure t h a t a t no time are the 
s t e e l d r i l l c o l l a r s allowed t o enter the casing window or be 
r o t a t e d on the whipstock face. Likewise, the d r i l l i n g j a r s 
should never be run i n a p o s i t i o n where they are subjected 
r o t a t i o n i n the b u i l d curvature. 

The f o l l o w i n g should be used as a guide t o the s e l e c t i o n of 
BHA and d r i l l s t r i n g t o d r i l l the l a t e r a l i n t e r v a l : f the 
w e l l : (top down) 

D r i l l Pipe, 3-1/2" Grade E 
Heavy weight d r i l l pipe, 3-1/2" OD 60' 
D r i l l C o l l a r s , 4-3/4" 600' 
Jars, Houston Engineers, 4-2/4" OD 30' 
D r i l l C o l l a r s , 4-3/4" 120' 
Heavy weight d r i l l pipe, 3-1/2" OD 720' 
D r i l l Pipe, 3-1/2" Grade S 1260' 
Jars, Houston Engineers, 4-2/4" OD 30' 
Non Magnetic D r i l l C o l l a r s , 4-3/4" OD 30' 
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Baker Flow sub 3' 
Baker MWD non-mag c o l l a r , 4-3/4" OD 30' 
Baker mule shoe sub 3' 
Non Magnetic IB s t a b i l i z e r , 6" OD 5' 
Short Non-magnetic d r i l l c o l l a r 6' 
D r i l e x s t e e r a b l e BH motor, 4-3/4" 18' 
B i t , 6-1/8" OD, IADC s e r i e s M6-4-6 

The q u a n t i t y of grade S pipe shown i s f o r the w e l l a t t o t a l 
depth. This pipe should be added i n approximately 4 50' 
increments as the l a t e r a l i n t e r v a l i s d r i l l e d . The d r i l l 
s t r i n g should be set up a t a l l times so t h a t the s t e e l d r i l l 
c o l l a r s remain i n s i d e the 7" casing. This w i l l r e q u i r e a 
minimum of three t r i p s d u r i n g the d r i l l i n g of the l a t e r a l 
i n t e r v a l . 

Each connection, r e c i p r o c a t e the pipe and c i r c u l a t e a t l e a s t 
10 minutes. Short t r i p s w i l l be made back t o the 7" casing 
window a t i n t e r v a l s not t o exceed 300' or 12 hours, 
whichever comes f i r s t . A d d i t i o n a l s h o r t t r i p s w i l l be made 
i f the surface torque and weight readings i n d i c a t e impending 
hole problems. These short t r i p s m a t e r i a l l y a s s i s t i n 
removing the c u t t i n g s bed, and give good i n d i c a t i o n of 
imminent hole problems, such as keyseat formation i n the 
curve. 

When d r i l l i n g of the hole i s complete, c i r c u l a t e a t l e a s t 
two f u l l c i r c u l a t i o n s , or u n t i l the hole cleans up; 
r e c i p r o c a t i o n of the pipe w i l l help. When the hole i s clean, 
pump down the survey instrument f o r the d e f i n i t i v e w e llbore 
d i r e c t i o n a l survey. This w i l l be a Champ I I e l e c t r o n i c 
m u l t i s h o t , w i t h a conventional f i l m m u l t i s h o t as backup. POH 
surveying on 3 0 f o o t s t a t i o n s f o r the e n t i r e l a t e r a l and 
angle b u i l d i n t e r v a l s . Run back t o bottom and c i r c u l a t e a t 
l e a s t one f u l l c i r c u l a t i o n , POH t o l o g . I f t h e r e were any 
problems w i t h the m u l t i s h o t survey, i t can be rerun when the 
hole i s con d i t i o n e d f o r casing a f t e r l o g ging. 

b. B i t and Hydraulic Program 

B i t No. Make Type IADC Code Jets Depth I n 

RR2 Hughes B35M M6-4-6 11,11,11 5,450 

A n t i c i p a t e d Hydraulics 

Pump ra t e s 180 - 200 gal/min 
Standpipe Pressure 1800 - 2400 l b / i n 2 

These numbers should be used as a rough guide only, as 
hy d r a u l i c s w i l l be a l t e r e d a t w e l l s i t e as d i c t a t e d by hole 
c n n d i t i o n s . 



DRILEX SYSTEMS, INC. 

Tool Configuration and Dog Legs 

D475 for Lateral Reach Interval 

Measurements and Configuration Results: 

Li = 1.68 ft. L 2 = 7.09 ft. U = 10.11ft. 
Bi = 0.8 ft. T i = 4.75 in. Ci = 10. ft. 
Si = 6 in. S2 = 6 in. S3 = 1.75 ft. 
8-\ = y i degs. 

Hole size = 6V& in. Overall Length of System (incl. bit) = 27.43 ft. 
Spacing between stabilizers = 24.95 ft. 

Calculated Dog Leg for above configuration = 3° 7' (100% sliding) 
2° 20' ( 75% sliding) 
1° 33' ( 50% sliding) 
0° 46' ( 25% sliding) 

Additional Dog Leg Calculations for D475 
01 Si Ci Distance S 2 

Bend Bottom Pony Collar Between Top Dog Leg 
Angle Stabilizer Length Stabilizers Stabilizer Expectancy 
(degs.) (in.) (ft.) (ft.) (in.) (deg./100 ft.) 

3/4 6 10. 2S.95 6 2° 55' 
57/8 2" 60' 
5S/& 30 9 , 

6 0. 18.95 6 3" 15' 
5"/8 3° 26' 



6. LOGGING 

A f t e r d r i l l i n g i s complete, the w e l l w i l l be logged w i t h a 
standard l i t h o l o g y / p o r o s i t y / s a t u r a t i o n l o g s u i t e , 
c o n s i s t i n g of gamma ray, dual i n d u c t i o n , d e n s i t y and neutron 
p o r o s i t y . Since conventional w i r e l i n e techniques cannot be 
used i n a h o r i z o n t a l w e l l , the logs w i l l be conveyed i n the 
hole on d r i l l p i p e , using the Schlumberger TLC t o o l s . 

E s s e n t i a l l y , the technique c o n s i s t s of making up the l o g 
sondes t o each other w i t h s p e c i a l f l e x j o i n t s t o al l o w them 
t o pass through the curve, and then making up a s p e c i a l 
adaptor head t o the t o o l s t r i n g . This adaptor has a d r i l l p i p e 
thread l o o k i n g up, and contains a male wet connector 
i n t e r n a l l y . The logging t o o l s are run i n t o the hole on 
d r i l l p i p e f o r a distance equal t o the l e n g t h of the open 
hole t o be logged. At t h a t time, a female connector i s run 
on the w i r e l i n e and latched t o the male connector, and the 
t o o l o p e r a t i o n i s checked. 

The w i r e l i n e passes through a side e n t r y sub t o the outside 
of the d r i l l s t r i n g , and the remainder of the d r i l l s t r i n g 
i s run i n t o the hole, w i t h the w i r e l i n e being strapped t o 
the outside of the pipe as i t i s run. The hole can be logged 
e i t h e r running i n or p u l l i n g out. 

Following logging, make up a cleanout assembly, c o n s i s t i n g 
of the l a s t BHA used t o d r i l l , w i t h o u t the motor or MWD, and 
RIH t o bottom. C i r c u l a t e the hole clean, and POH t o run the 
l i n e r . 
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Figure 17 Drill Pipe Conveyed Logging Schematic 
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7. LINER PROCEDURE 

a. Discussion 

The l i n e r w i l l be a s t r i n g of 4-1/2", 11.60 l b / f t , K-55, 8rd 
LT&C, Range 3 casing. The p o r t i o n o f the l i n e r which w i l l be 
s i t u a t e d i n the producing formation w i l l be p r e - p e r f o r a t e d 
w i t h 4 each 1/2" diameter holes per f o o t . Above the Entrada 
top, conventional p l a i n pipe w i l l be cemented back i n t o the 
7" production casing. 

A unique system has been designed t o enable the l i n e r t o be 
run i n the hole, c i r c u l a t e d t o bottom, hung, and cemented 
from the Entrada top back t o the 7" casing, a l l w i t h j u s t 
one t r i p i n the hole. The system c o n s i s t s of an i n t e r n a l 
t u b i n g s t r i n g which connects from the bottom of the l i n e r 
hanger running t o o l t o a packoff bushing l o c a t e d j u s t above 
the l i n e r shoe. At the j u n c t i o n of the p l a i n and the pre-
p e r f orated l i n e r , t h e r e i s a p o r t c o l l a r and an e x t e r n a l 
casing packer. The t u b i n g s t r i n g has a swab assembly, a set 
of c l o s i n g dogs, and a plug landing seat, a l l of which are 
located i n i t i a l l y i n the v i c i n i t y of the e x t e r n a l casing 
packer. The t u b i n g s t r i n g w i l l be 2-7/8", 6.4 l b / f t , N-80 
Armco Sealock. 

b. Procedure 

1. T a l l y a l l casing and t u b i n g upon a r r i v a l a t l o c a t i o n , 
and remove a l l thread p r o t e c t o r s and clean pins and 
boxes w i t h w i r e brush and d i e s e l . D r i f t a l l t u b u l a r s on 
rack, or when picked up. 

2. Pick up TIW type LA set shoe, make i t up t o the 10' 
casing pup j o i n t and set i n s l i p s . 

3. Make up the TIW d r i l l a b l e packoff bushing t o the top of 
the pup j o i n t . Use thread l o c k i n g compound on t h i s 
connection. 

4. Pick up r e q u i r e d number of j o i n t s of p r e - p e r f o r a t e d 
l i n e r and run i n the hole. The number of j o i n t s w i l l be 
determined a t l o c a t i o n a f t e r l o gging, but w i l l be 
approximately 34. 

5. Make up the CTC Payzone e x t e r n a l casing packer t o the 
l i n e r i n s l i p s . 

6. Make up the l o c a t o r c o l l a r t o the top of the CTC 
packer. 
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7. Make up the p o r t c o l l a r (open p o s i t i o n ) t o the l o c a t o r 
c o l l a r . 

8. Make up and run p l a i n casing i n the hole. 

9. Make up adaptor p l a t e t o the l i n e r i n s l i p s , t o a c t as 
a work surface f o r running the i n t e r n a l t u b i n g s t r i n g . 

10. Pick up TIW s l i c k j o i n t , s et i n s l i p s , and make up 6' 
long t u b i n g pup j o i n t . 

11. Make up and run req u i r e d amount of 2-7/8" t u b i n g . 

12. Pick up TIW swab assembly w i t h 6' long t u b i n g pup j o i n t 
and c l o s i n g dog assembly. Make up t o inner s t r i n g and 
run i n hole. 

13. Make up and run re q u i r e d space-out amount of 2-7/8" 
t u b i n g . 

14. Make up J-Hanger w i t h l e f t hand j a y , Type L s e t t i n g 
c o l l a r and l i n e r s w i v e l , w i t h running t o o l i n s t a l l e d . 
Make up inner s t r i n g connection t o t u b i n g s t r i n g , p i c k 
up and remove t u b i n g s l i p s and adaptor p l a t e . Lower and 
make up l i n e r hanger connection t o the l i n e r i n s l i p s . 
Lower l i n e r w i t h running t o o l , set s l i p s on the 8' 
handling n i p p l e which i s made up t o the running t o o l . 

15. Run the l i n e r i n the hole on 30 j o i n t s of 3-1/2" 
heavyweight pipe, and 3-1/2" Grade E d r i l l pipe. 
C i r c u l a t e as needed t o wash l i n e r down u n t i l i t reaches 
s e t t i n g depth. 

16. C i r c u l a t e hole a t l e a s t 2 f u l l c i r c u l a t i o n s , 
r e c i p r o c a t i n g l i n e r slowly i n 40' strokes, u n t i l the 
shakers clean up completely. The mud should be 
according t o s p e c i f i c a t i o n a t t h i s time. 

17. Set the l i n e r hanger by l e f t hand r o t a t i o n , 3/4 t u r n a t 
the hanger. A f t e r the l i n e r i s set, get o f f the hanger 
by r o t a t i n g 21 t u r n s t o the r i g h t a t the Type L s e t t i n g 
c o l l a r . 

18. Pick up plug dropping head and make up t o the d r i l l 
s t r i n g . Pressure t e s t the cementing l i n e s t o the r i g 
f l o o r t o 3500 p s i . 

19. Drop f i r s t d a r t , chase w i t h batch mixed cement s l u r r y . 
When the d a r t lands i n i t s seat, pressure up t o 500 p s i 
t o s h i f t s e a l i n g i r o n dogs i n t o l o c a t i n g p o s i t i o n . 

20. Continue t o pressure up and open CTC packer f o r 
i n f l a t i o n w i t h cement. 

45 



21. I n f l a t e packer w i t h cement, and operate c l o s i n g v a l v e . 
When f i n i s h e d , bleed down t u b i n g s t r i n g t o 100 p s i . 

22. Pick up slow l y , l o c a t i n g s e a l i n g dogs i n l o c a t o r sub. 
Continue t o p i c k up slow l y , when the top swab passes 
the p o r t c o l l a r , the pressure w i l l bleed o f f . Continue 
t o pump cement, drop second d a r t , and dis p l a c e cement. 

23. Pick up slowly u n t i l c l o s i n g dogs l o c a t e p o r t c o l l a r 
inner sleeve, and close p o r t c o l l a r . 

24. Pressure up on t u b i n g s t r i n g t o 3500 p s i . The plug seat 
w i l l shear out and allow the s t r i n g t o be p u l l e d dry. 
P u l l out of the hole w i t h the running s t r i n g , l a y i n g 
down work s t r i n g , running t o o l , swab assembly and inner 
s t r i n g . 

25. Lay down remaining d r i l l pipe and d r i l l c o l l a r s . Pump 
remaining mud from tanks i n t o f r a c tank f o r l a t e r use 
during the t e s t i n g phase. RDMO. 

c. Cementing Program 

d. M a t e r i a l s and Services 

Piedra Supply 
36 j t s 4-1/2", 11.6 l b / f t , K-55, 8rd LT&C Range # casing, 

p r e - p e r f o r a t e d w i t h 4 each 1/2" holes per f o o t . 
25 j t s 4-1/2", 11.6 l b / f t , K-55, 8rd LT&C Range # casing 
85 j t s 2-7/8", 6.4 l b / f t , N80 NUE t u b i n g w i t h Armco Seal 

Lock connections. 
1 can Thread l o c k i n g compound 
3 ea Klampon p r o t e c t o r s f o r 4-1/2" casing 
5 g a l API modified thread compound 

TIW 
1 ea TIW LA l i n e r setshoe, w i t h aluminum nose guide, 4-1/2" 

8rd LT&C box up.. 
1 ea TIW d r i l l a b l e packoff bushing w i t h 4-1/2" 8rd LT&C box 

up, p i n down 
1 ea s l i c k j o i n t f o r d r i l l a b l e packoff bushing, 15' long 

w i t h 2-7/8" Armco Seal Lock box up 
1 ea Locator sub, w i t h 4-1/2" 8rd LT&C box up, p i n down 
1 ea cementing p o r t c o l l a r , w i t h 4-1/2" 8rd LT&C box up, p i n 

down 
1 ea l i n e r swivel 
1 ea TIW s i n g l e cone mechanical l i n e r hanger, w i t h 4-1/2" 

8rd LT&C p i n down, LH j a y 
1 ea 5-1/2" TIW Type L s e t t i n g c o l l a r , w i t h 4-1/2" 8rd LT&C 

thread down 
1 ea TIW 5-1/2" mechanical l i n e r hanger running t o o l . 

46 



1 ea TIW swab assembly f o r i n f l a t i o n of CTC packer and 
primary cementation, c/w h y d r a u l i c dogs f o r c l o s i n g 
p o r t c o l l a r , and d r i l l p i p e d a r t l a n d i n g seat. 

2 ea TIW pump down plugs w i t h 2-7/8" and 3-1/2" rubbers. 
1 ea plug dropping head, w i t h 3-1/2 IF connection 

Completion Tool Company 
1 ea 4-1/2" CTC Payzone packer, w i t h 20' seal l e n g t h , 11.6 

l b / f t , K-55 grade. 
1 ea 4-1/2" sub set, 8' long top sub LT&C box up, 2' bottom 

sub, LT&C p i n down. 

O i l f i e l d Rentals / Dotco 
1 set Handling t o o l s f o r 4-1/2" LT&C casing 
1 set s l i p type handling t o o l s f o r 2-7/8" t u b i n g 
1 ea stabbing guide f o r 2-7/8" t u b i n g 
6 ea 3-1/8" OD d r i l l c o l l a r s w i t h 2-3/8" IF connections 
1 ea 3-7/8" OD f l a t bottom junk m i l l w i t h 2-3/8" Regular p i n 
1 ea b i t sub, 2-3/8" r e g u l a r box X 2-3/8" I F box 

J u s t i s Supply 
1 ea 4-1/2" casing pup j o i n t , 10' long, w i t h 8rd LT&C 

connections (wt & grade unimportant) 
1 ea 2-7/8", 6.4 l b / f t , N80 NUE t u b i n g pup j o i n t , 10' long 

w i t h Armco Seal Lock connections. 
1 ea 2-7/8", 6.4 l b / f t , N80 NUE t u b i n g pup j o i n t , 15' long 

w i t h Armco Seal Lock connections. 
2 ea 2-7/8", 6.4 l b / f t , N80 NUE t u b i n g pup j o i n t , 5' long 

w i t h Armco Seal Lock connections. 
1 ea crossover sub, 3-1/2 IF box X 2-7/8" Armco Seal Lock 

p i n 
1 ea crossover sub, 2-7/8" Armco Seal Lock box X 2-3/8" I F 

p i n 
1 ea s l o t t e d adaptor p l a t e f o r handling 2-7/8" t u b i n g 

Dowell Schlumberger 
Cement & a d d i t i v e s 
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8. TESTING PROCEDURE 

a. Discussion 

The completion and t e s t i n g phase w i l l be performed using Ram 
Rig 1. A cleanout run w i l l be made w i t h b i t and scraper t o 
the l i n e r t o p , and a second scraper run w i l l then be made t o 
the l i n e r shoe. The t e s t program has the o b j e c t i v e of 
determining p r o d u c t i v i t y and q u a n t i f y i n g damage, but the 
design i s complicated by the h o r i z o n t a l w e l l b o r e . 

H o r i z o n t a l w e l l t e s t i n g , using pressure b u i l d - u p data, i s 
cha r a c t e r i z e d by longer than normal w e l l bore storage 
e f f e c t s , and by sometimes very long times r e q u i r e d t o reach 
i n f i n i t e a c t i n g r a d i a l flow. These d i f f i c u l t i e s are 
compounded by the geometry of the w e l l , and the problems 
t h a t presents i n the mechanical s t r i n g design. The Federal 
15-2 t e s t design i s f u r t h e r complicated by the need t o 
a r t i f i c i a l l y l i f t the w e l l f o r the s t a b i l i z e d f l o w p e r i o d . 

I n order t o get a s a t i s f a c t o r y t e s t , the f o l l o w i n g 
requirements need t o be s a t i s f i e d . Surface readout of 
downhole pressures, w i t h r e a l time d i a g n o s t i c p l o t t i n g , 
d e r i v a t i v e and type curve matching, i s e s s e n t i a l t o ensure 
t h a t the t e s t i s long enough t o get the data, w i t h o u t being 
excessively long. The t e s t t o o l s should be i n the v e r t i c a l 
p o r t i o n of the w e l l , where they can be r e l i a b l y operated. A 
set of gauges must be located i n the l a t e r a l i n t e r v a l , t o 
read the downhole pressures a t the rock face. I t must be 
possib l e t o k i l l the w e l l a f t e r the t e s t w i t h o u t i n c u r r i n g 
formation damage. The s t r i n g design must be compatible w i t h 
both a r t i f i c i a l l i f t and use of SRO gauges. 

I t i s usual t o set the t e s t packer and down-hole s h u t - i n 
valve above the l i n e r top, due t o s i z e and ope r a t i n g 
c o n s t r a i n t s . This means, however, t h a t the surface read-out 
gauge i s then located some distance away from the rock face, 
l i m i t i n g the valuee of the pressure data thus obtained. 
K i l l i n g the w e l l a f t e r a t e s t , w i t h up t o 2200 f e e t of hole 
below the packer, i s also a problem i n many circumstances, 
and the usual technique of bu l l h e a d i n g can cause major 
problems. 

To overcome the problems, but simultaneously s a t i s f y the 
requirements, an i n n o v a t i v e t e s t s t r i n g has been designed, 
see f i g u r e 19. Two sets of gauges w i l l be used, a set of 
memory gauges conveyed on t u b i n g i n t o the l a t e r a l i n t e r v a l , 
and a conventional w i r e l i n e SRO i n the v e r t i c a l hole. The 
downhole s h u t - i n device i s a w i r e l i n e run and actuated t o o l , 
the Johnston PRST, see f i g u r e 20. 
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b. Procedure 

1. Make up 6-1/8" b i t and 7" scraper, RIH on 3-1/2" t u b i n g 
and clean out t o l i n e r top. Use the mud l e f t over from 
d r i l l i n g operations. POH. 

2. Make up 3-7/8" f l a t bottom m i l l and 4-1/2" casing 
scraper on 6 ea 3-1/8" d r i l l c o l l a r s and 2000' 2-7/8" 
Armco Seal Lock t u b i n g , RIH and clean out l i n e r t o 
d r i l l a b l e pack-off bushing. 

3. Displace l a t e r a l i n t e r v a l t o o i l . 

4. Make up t e s t s t r i n g as f o l l o w s : 
Gauge c a r r i e r 
J o i n t o f p e r f o r a t e d 2-7/8" t u b i n g 
2- 7/8" N80 Armco Seal Lock t u b i n g 
XO sub 
Test Packer 
PRST seati n g n i p p l e 
12 j t s 3-1/2" HWDP 
XO sub 
3- 1/2" EUE t u b i n g 
Gas l i f t mandrel 
3-1'/2" EUE t u b i n g 
Surface t r e e and l u b r i c a t o r 

5. When a t s e t t i n g depth, set packer and begin swabbing 
the w e l l u n t i l o i l i s being swabbed, or the w e l l begins 
t o flow. 

6. Begin gas l i f t i n g w e l l . L i f t a t steady r a t e of approx 
500 BFPD u n t i l w e l l cleans up. This w i l l be when the 
water cut i s steady and produced s o l i d s are less than 
0.5% by volume. 

7. Run and l a t c h PRST w i t h SRO gauge. With PRST valve 
open, continue t o l i f t w e l l . 

8. Run s t a b i l i z e d flow p e r i o d f o r ?? hours. I t i s 
e s s e n t i a l d u r i n g t h i s time t h a t the flow r a t e i s he l d 
as constant as po s s i b l e . 

9. Shut w e l l i n downhole a t PRST. Monitor b u i l d - u p v i a SRO 
gauge, watching d i a g n o s t i c p l o t s t o p i c k end of t e s t . 

10. When t e s t i s complete, c y c l e PRST u n t i l i t unlatches, 
and POH w i t h same. 

11. Unseat packer and observe w e l l . I f no tendency t o fl o w , 
POH w i t h t e s t s t r i n g . I f f l o w i n g , k i l l w e l l w i t h 
d r i l l i n g mud, c i r c u l a t i n g the long way. DO NOT REVERSE. 
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12. POH w i t h t e s t s t r i n g . 

13. Pick up completion s t r i n g , RIH. 

c. Material and Services 

Schlumberger 
1 ea SPRO t o o l c/w surface computer 
1 ea PRST t o o l 
2 ea Quartz memory gauges 
1 ea bundle c a r r i e r 
1 ea t e s t packer f o r 7" 23 l b / f t casing 
1 ea SPRO w i r e l i n e t r u c k 

Piedra 
4 600' 3-1/2" EUE t u b i n g 
2000' 2-7/8" 6.4 l b / f t N8 0 Armco Seal Lock t u b i n g 
l ea gas l i f t mandrel 
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Figure 19 Schematic of Test String 
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FlOPETROLJph.MSTON* 
PRST* PRESSURE READ-OUT SHUT-IN TOOL Schlumoerger 

TECH Ml CAL DATA SHEET WT 02 01 

-RUNS ON ELECTRIC LINE OR 
SUCKUNE 

• AUXILIARY RELEASE 

' LANDS IN MOST NIPPLES 

LOCKING DOGS—RELEASE 
AUTOMATICALLY AFTER 
12 CYCLES 

1 SEAL ASSEMBLY—RETRACTED 
DURING RUN-IN FOR SEAL 
PROTECTION 

• VALVE—SHOWN IN OPEN 
POSITION: NORMALLY CLOSED, 
OPENED BY WIRELINE TENSION 

. TOOL STRING—PRESSURE. 
TEMPERATURE. AND FLOW 
MEASUREMENT AS REQUIRED: 
SURFACE READ-OUT OR 
DOWNHOLE RECORDING 

The Pressure ReacNOut Shut-In Tool is a 
wireline-conveyed shut-in valve which is 
landed in the commercial seating nipples 
found in most completions. It permits down-
hole shut-in of a well close to the producing 
interval. As a result, wellbore storage effects 
are minimized and the pressure response 
obtained allows a better reservoir analysis 
to be performed. The PRST tool can also be 
used in wells which do not naturally flow 
to the surface (gas lift, for example) where a 
surface shut-in is meaningless. Under normal 
conditions it can also be used for fall-off tests 
in injection wells. 

The PRST tool can be run on slicklme with 
downhole recording or on electric line for 
real-time surface read-out. Simple ana effi­
cient in operation, the tool requires only one 
wireline run to land, latch, operate, unlatch, 
and retrieve it. The tool can be cycled up to 
12 times on each trip into the well without 
equalizing the pressure across tne valve. 
Rugged, reliable seals are protected while 
the tool is being run in. The seals are de­
signed to hold 5000 psi differential in normal 
operation. In reverse operation, they will seai 
up to 1.5 times the low-side pressure to a 
maximum of 5000 mds. 

Specifications 
Maximum differential pressure: 5000 psi. 
Flow area: 1.34 square inches. 
Length: 90 inches. 
Weight: 50 pounds. 
Landing nipple sizes: 2.25, 2.31. 275, or 

2.81 inches. 

Post-It" brand fax transmittal r r ^ T ^ F ^ l ^ 

Dept. 

3MP-462a (NAM 8S> Pnnteo in u S A 



IV. AFE AND DRILLING TIME CURVE 

54 



1,000 

2,000 

D 

e 

P 

t 3,000 

h 

i 

n 

F 4,000 

e 

e 

t 

5,000 

6,000 

7,000 

Federal 15 No.2 ™ " 
Current as of: (XkJan-00 

Days on Well: 0 

Rig: Walters Rig 4 

Total Depth: 6825ft MD, 5191 ft TVD 
Start: 16-Jan-90 

Finish: 30-Jan-90 

' ; ] 
* ', 

! ,i : ;.. . 
i 
i 

_i 

; \ i I 
! 
1 

. ,.J_. 

1 ! 
. i 

• 
; _. 

. . . i 
1 
1 

. ..1.. Move i n 
i 1 
1 
1 ! 
1 
1 
1 

: : : : AFE Cost 

r -
i 
i 

! \ ' \ \ 

! ; 
i . . • ] ; 

i ' 

._...! i . . i _ i ....... i... 
! 

i 
i 
1 . . . . . . 

; \ 
: . ; : 

1 
1 : j ; 

! ; ; 

i 

i 

i 
i 

i 

i 
i 

! ! ! ! ! ! ! i ; : ; 

! i L L_. 
\ c Set Packstoct 

Cut Window 
ci 

1 
Set Packstoct 
Cut Window i i : 

; ! i ! 
.. Drill Curv : \ 

! ^ 

; ; , '• • \ _ __ _ _ \L... ..: 
: 
! 

: i \ 
; ^ 

i 
i \ \ \ Dri I Horizontal Hole 

j ; 

V 

\ I • I 

\ 1 ; \ 
: : 
) \ '•• : ! \ ; 

: 
N^ Log, run & cm t Liner j 

* - : + 

700 

600 

500 

400 

C 

o 

s 

t 

300 1 

0 

0 

0 

200 

100 

10 

Days on Well 

15 20 



V. VENDORS CONTACT NUMBERS 

Vendor Contact Name Phone Number 

AB Engineering Tony Beckett (713) 370 -5356 
AZ Well Services Tony Zaremba (505) 325 -8961 
Baker MWD Ed Chiaramonte (318) 837 -1145 
CTC Ed Woods (713) 961 -3336 
Dowell Schlumberger Sid Christensen (505) 325 -5096 
D r i l e x Systems David Henry (307) 472 -1011 

Chip Abrant (713) 880 -8888 
Hughes Tool Co. Larry ?? (505) 325 -3670 
J u s t i s Supply (505) 325 -3551 
Mil p a r k Don Walters (303) 830 -7300 
O i l f i e l d Rentals Ben Reese (505) 327 -4421 
Piedra Supply Mark Merrion (505) 327 -8475 
Schlumberger (log) Larry Ludwick (303) 375 -8118 
Schlumberger ( t e s t ) Joe Corbett (303) 375 -8118 
SDI George Moody (915) 563 -1339 
TIW Sam Baker (713) 729 -2110 

John Hughes (512) 992 -1819 
Walters D r i l l i n g Herman Walters (505) 327 -5218 


