
ESHIBIT SO, 7 

7SC.KT ~ 7" Casing $ 2G.4GC 78C0' •- 4 1/2" Casing 811,700 
•> 2 3/V- I'uM"*.g ff\.;:;; 10,100 ^000* » 2 Tubing 5,^00 

v t c i . ' -*?vbiri£ h-3-ad, valvar 4,300 C3g.-Tn.binf heed,, valves, etc, 2,S00 
•.''j-r;.',"-. -! "riccal ;::i2ipit ?, u«ii£ Picsge:* eqi-.iptse-.it And 

. . ; / ' ;" .rj (G) 7.50C •Thai l i e s Choke" 2,500 
' :;ods (C: 4,300 -
T':'..-t.t'i»:. hole pursp {£; 600 .. -
Xtitaniible Sri XHTSJ.; Costs 65,900 Intangible D r i l l i n g Costs 63.400 
Contract Labc?. 4,000 Cor t ract Ls.bc r 2,000 
TrcxJ-jctioii Sciv-.ipEsr-.t 3,000 ?rc-duc;;ioa Hquipsssnt 4,000 
iurfaea CosErd.r.gling Equio.-. 2,000 -
Sslas Taxes 1,800 Sales T&xsg 800 

? ,000 500 

$125,100 $93,100 

Diffanmca - 343,000 

BEFORE EXAMINER NUTTER 
OIL CONSERVATION COMMISSION 

Exi-nsfr NO. 7 
CASE NO. j 



MG&SZUA 'a m,u m, i EXHIBIT VD, 5" 
(Scaed on subtraction -.h;:-3 ail osal:Ion test) 

Usi-c-i?- ~ I d L M i S i , x Grot!8 ^salnsiee'. f roductioe 
75 bbla, 

S<.:?Xup : I Sross cotsain^Xed production *• Dakota allocated production 

?otal scaningled production a 750 bbls , 

I^fcota a l l cca t i sn » l i l X 75C bbls . ° 278 bbls -, 

f j s l l ap a l loca t ion 750 bbls „ » 278 bbls . * 472 bbls . 

Co-mingled GOE - 659$ : 1 
•Jafcote «)S » 9216 j 1 

g_a£_>le 
Theoretical Total gas Production - 6599 (750 bbls . ) « 4949 JSC? 
Theoretical Dakota Ois ?zod. - 9216 (278 bb l s . ) » 356.2. »3F 
Theoretical GsXlup €as Production (Difference) » 2387 MOF 

Actual Gas Sales » 4-3 3: > VJ€F 
Lease Use « ,45j) 
Actual Total Cas « 503:f 

Dakota Al loca t ion « 5085 K 25Jd «* 2629 14CF 
4949 

Cisllap Sac Al locat ion .d i f f e rence ) * 5085 • 2S29 « 2456 MCF 

ifakote m i i = &|2E-^CSf « 5457 

Gallup GOR » M S i EC* « 5203 

BEFORE EXAMINER NUTTER I 
OIL CONSERVATION COMMISSION 

• EXHIBIT NO. _ _ _ _ _ _ _ 

CASE NO. 



PRODUCTION PERFORMANCE 
JICARILLA 28 WELL NO. 1 EXHIBIT # 

"DUAL FLOW CHOKE TEST INSTAIi*TIGS" 

Date 

Zone 
Producing 

Gallup-Dakota 

1 

BOPD Remarks 

1-12-65 
13 

SI 
SI 

Pulling dual tubing strings to i n s t a l l "Dual 
Flow Choke". 

14 
15 
16 
17 
18 

SI 
SI 

X X 
X X 
X X 

Installe d t o o l with Dakota check valve 
removed for purpose of packer-leakage 
test . Produced well from 1-16 to 
1-23-65 to clean well up and 
recover load o i l used to k i l l w e l l . 

19 
20 
21 
22 

X X 
X X 
X X 
X X 

23 
24 

SI 
SI 

SI for packer-leakage - No blanks i n tool 
to test upper check valve. 

25 
26 

SI 
SI 

27 
28 

SI 
SI 

BHP-Gallup-Fluid level survey - 721 psi 
after 96 hours shut-in. 

29 SI 
30 X 0 Flow period No. 1-Gallup up annulus. 
31 
2-1-65 
2 

SI 
SI 
SI 

No o i l produced. Made 180 MCF gas. No 
blank i n Gallup side to prove upper zone 
check valve. Check valve not leaking. 

3 SI 
4 SI Blanked off Gallup o r i f i c e . 
5 
6 

SI 
SI 

Dakota BHP-Bomb Survey -1525 psi after 
320 hrs. SI. BHT -167° F. 

7 X 21 Flow period #2-Dakota up tubing. GOR 9906. 
8 X 15 Pulled complete t o o l . Installed Dakota 

check valve - Gallup blanked. Ran 180 hr. 
pressure bomb on hanger above tool and 
below plunger. 

9 
10 

X 
X 

23 
10 

Started #1 Production d i s t r i b u t i o n test 
at 150 psig back pressure. 

11 X 23 Intermitter valve f a i l e d - well flowed -
bled pressure down. 

12 X 15 24 hrs. @ 50 psig back pressure. 
13 X 8 24 hrs. @ 50 psig back pressure. 
14 
15 
16 

X 
X 
X 

22 
10 
12 

Tried both pressure control & time control 
to s t a b i l i z e producing rates. Unable to 
get stabilized rates i n seven-day period. 

17 X 7 Pulled bomb and o r i f i c e assembly. Dis
covered clock i n bomb had not operated. 
Distribution test data not obtained. Long 
s t a b i l i z a t i o n period required and wire line 
costs prohibit d i s t r i b u t i o n type allocation 
t e s t . W i l l conduct subtraction test. 

18 X 5 Ran o r i f i c e assembly with both zones open. 
Production Commingled. 



Date 
Producing 
Gal.-Dak. BOPD MCF GOR Remarks 

2-19-65 
20 
21 

X 
X 
X 

X 
X 
X 

7 
12 
18 

* 

* 

* 

*Gas to p i t i n t e r m i t t e n t l y . 
Plunger on tubing pressure control. 

22 
23 
24 
25 

X 
X 
X 
X 

X 
X 
X 
X 

15 
12 
20 

* 

* 

* 

Gas to p i t 2-22 to 3-3 attempting 
to draw Dakota down. Gallup zone 
not entering tubing 

26 
27 
28 
3-1-65 
2 
3 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

30 
28 
33 
30 
33 
37 

* 

* 

* 

* 

* 

* 

Gallup now entering tubing. Gas 
continued to p i t . FTP 100#. 
Plunger on time cycle control. 

4 
5 
6 
7 
8 
9 
10 
11 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

20 
23 
27 
25 
25 
25 
28 
20 

7\ Gas to 250# sales system. 
Plunger 12 t r i p s d a i l y . 

8-Day 
Total 

1117 MCF 

8-Day 
Avg. 
5788 

8-day Avg. 24 B0PD__G0R 5788. 
12 
13 
14 
15 
16 
17 
18 
19 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

22 
23 
22 
23 
26 
24 
25 
25 

8-Day 
Total 

1394 MCF 

8-Day 
Avg. 
7337 

250# gas sales system. 

*Plunger 16 t r i p s daily. 

5-Day 
Avg. 
6416 

8-day Avg. - 24 BOPD, GOR 7337. 
20 
21 
22 

23 
24 

X 
X 
X 

X 
X 

X 
X 
X 

X 
X 

27 
25 
23 

25 
27 

5-Day 
Total 
802 MCF 

21-day Avg. (3-3 to 3-24) 
BOPD = 24.3 
MCFD = 157.8 
GOR - 6496 : 1 

*Final 9-day Avg. (3-16 to 3-25) 
BOPD = 25 
GOR = 6599 : 1 

3-25-65 Pulled o r i f i c e assembly to blank 
Gallup zone. Pressured up on check 
assembly. Discovered Dakota check 
had not been i n s t a l l e d . I n s t a l l e d 
Dakota check. 

26 
27 

0 
0 

Installed blank i n Gallup choke. 
Waiting on parts. 

28 
29 

X 
X 

33 
28 

Gallup zone blanked o f f . 
FTP - 220#. 

30 
31 
4-1-65 
2 
3 
4 

X 
X 
X 
X 
X 
X 

13 
40 
30 
30 
22 
20 

"7V 

8-Day 
Total 

1101 MCF 

5 
6 
7 
8 
9 
10 
11 
12 

X 
X 
X 
X 
X 
X 
X 
X 

25 
22 
22 
25 
17 
15 
5 
33 

7V 

8-Day 
Avg. 
6713 

Suspect Gallup blank i s not holding 
and both zones producing. 

Gas l i n e freeze. 

ILLEGIBLE 



PRODUCTION PERFORMANCE 
JICARILLA 28 WELL NO. 1 EXHIBIT 

"DUAL FLOW CHOKE TEST INST4I7_iriuiN-;' Page 3 

Zone ! I 
Producing 

Date Gal.-Dak. BOPD MCF GOR Remarks 
4-13-65 ? X 25 T 14 ? X 22 1 15 ? X '23 8-Day 8-Day 

16 ? X 20 Total Avg. 
17 ? X 22 1179 MCF 6624 
18 ? X 17 
19 ? X 22 
20 ? X 27 * 

21 ? X 23 157 6841 
22 X X 47 Gas to p i t . Casing pressure decreased 
23 X X 5 from 575# to 475# indicating Gallup 
24 X X 40 zone blanked o f f . 
25 X X 57 
26 X X 52 
27 0 Pulled o r i f i c e assembly. Found i t 
28 0 had not seated i n check assembly. 
29 0 Ordered another o r i f i c e assembly. 
30 0 Pulled check assembly to inspect. 
5-1-65 0 Reran check. Could not get o r i f i c e 

assembly to seat i n check assembly. 
Unable to retrieve check assembly. 
Pulled tubing to i n s t a l l tool 

2 X 17* Ran tubing and assembly with Gallup 
3 X 8* blanked o f f . Dakota producing load 
4 X 12* o i l up tubing. 
5 X 12* i 

6 X 15* 
7 X 15* 
8 X 7* 
9 X 8* 

* L oad o i l t ieing reco\ ered. 
10 X 5* Plunger s t i c k i n g . 
11 X 7* 
12 X 15* 
13 X 5* 
14 0 Plunger stuck - surfaced to inspect. 
15 0 Sand on top. SI to blow out sand. 
16 X 18* Gas to p i t . 
17 X 15* 
18 X 5* Plunger stuck - changed plungers. 
19 X 3* Gas to p i t . 
20 X 10* Gas to p i t . 
21 X 7* Gas to p i t . 
22 X 8* Gas to sales - FTP 250#. 
23 X 10 92 9200 Load o i l recovered - started 
24 X 10. 88 8800 stabilized Dakota producing rate 
25 X 10 88 8800 for subtraction method production 
26 X 8 78 9750 allocation. 
27 X 8 76 9500 
28 X 10 84 8400 
29 X 8 90 11250 
30 X 10 90 9000 
31 X 10 88 8800 
6-1-65 X- 8 78 9750 API Gravity - 48.3. 
2 X 10 88 8800 11-day Avg. (Dakota) =9.3 BOPD, 

GOR 9216. 



PRODUCTION PERFORMANCE 
JICARILLA 28 WELL NO. 1 

"DUAL FLOW CHOKE TEST IN S T ^ ^ t . 
EXHIBIT 
Page 4 

Zone J I I -
. . . . . . . . „ , 

Producing 
Date Gal.-Dak, BOPD MCF GOR Remarks 
6-3-65 SI 0 Pressure tested check valves to 1500#. 
4 SI 0 No leak through check assembly. 
5 SI ' 0 Knocked out bottom plug i n check 
6 SI 0 assembly making lower zone check 
7 SI 0 inoperative. SI for test end packer-
8 SI 0 leakage t e s t . 
9 SI 0 
10 
11 

X 
SI 

0 
0 

97 Flow period No. 1, Gallup zone up 
annulus. 

12 SI 0 
13 SI 0 
14 SI 0 
15 SI 0 
16 SI 0 
17 SI 0 
18 X 26 194 Flow period No. 2 - Dakota up tubing. 
19 X 22 
20 X 20 
21 X 13 - - -

22 X X 43 Pull complete t o o l . I n s t a l l bottom 
23 X X 35 plug i n check assembly. Ran check 
24 assembly. Zones commingled. Produce 

u n t i l 7-28-65. 

t 



~M z ;"ora is E to 
s e \ _ ,oc for 

R E C E I V E D 

NSW MEXICO OIL C O N ^ ^ ^ J J ^ J O O J Q J J 

NORTHWEST 

Operator 
Location 

K&ICS PMC^-LEA^GE.TSST / 

of Well: Unit__ Sec, — Two. rCl j / L R W ' ^ ^ County 
Type of Prod, Method bf Prod. Prod. Medium 

Upper 
Completion 

—, • •.. - •— •. . -• - - • 
; „ . . - w _ _ v...; j 

j ^ y ^ Z 
Lower 
Completion Oil y y : : : : : - : L i Si 

PRE-FLGW SHUT-IN PRESSURE DATA 
Upper 
Como! 

Hour s date i.<,-.» 
Shu t - in <• ' . 

Length of 
time shut-in '1 l:c~::*-2 

S I press , 
p s i g 023 

S t a b i l i z e d ? 
(Yes o r No) 

Lower Hour, date Z~z.- l e n g t h o f S I p ress . • S t ab i l i zed? 
Comol S h u t - i n time shut-in tz:::2 o s i g 1110 (Yes or No) I'-'j 
.. FLOW TEST NO. 1 

Coraienced a t (hour , date)-* L0x."J E ~ < ; f Z o n e producing (Upper El£!I2£!L3i): 
Ti^e 

' 'hour, da te) 
Lapsed t ime 

s ince* 
Pressure Prod. Zone 

Teisn. Remarks 
Ti^e 

' 'hour, da te) 
Lapsed t ime 

s ince* Looer Compl. f Lower Compl. 
Prod. Zone 

Teisn. Remarks 

- - '-• 
2 *':• •'; 

• •>. •• , . tz:.-.. .. 

-: Z . : J : 

i 

Oil:. 
Gas:" 

EOPD based on Bbls. in Hrs. 41° Grav. &?2 GOR 3£CD 
MCFPD; Tested thru (Orifice or Meter).:. 

MID-TEST SHUT-IN PRESSURE DATA 

te 
Hour, date 

S h u t - i n 
< - •• - r_ 

Length of 
time shut-in '. . * I':'-:: 

S i press . 
•• o s i ° : 705 

S t a b i l i z e d ? 
(Yes or No) P> 

Hour, date -~ 
Shut-in ': 

Length of 
time shut-in L.,*> z 

SI press . 
p s ig !.."~Q 

S t a b i l i z e d ? 
(Yes o r No) !?3 

iConanenced a t (hour , da t e )** . w i - ; *' 2 0 v . - J i Zone producing ( I ^ - i j - S x i Lower ) : . 
Time 

(hour, date) 
Lapsed tiaie 

since 
Pressure Prod. Zone 

Remarks 
Time 

(hour, date) 
Lapsed tiaie 

since Upper Compl. Lower Compl. Temp. Remarks 

0 " : ' ; - „ . ; - , ZC-C.vzZz"-* Pressure 
... ' V 

<- •., 
I&occa £2 (2 Pea ScsorCor) 

• • „ . ' . " 

_< 
o • - . 

\ 

\ f JAM 9 0 lose 1 . 
i -

O i l : . 
Gas:" 

_30?D based on • ?3 Bbls. in :& Hrs. 
" I'3DFPD; Tested thru (Orifice or Meter):[ ::::t 

RE^RKS: r.-i?.y 1:1 c:::^ y^::^o 

1 hQ?z>>;? certify' that tho iafox^tiea ^rein s5;ttaisted io tro.e and collete to the best of xsy 

/ - 2 o Approved; _i9_£_L 
Nev; Kexico-XJil Conservation Co.-ntiission 

By ^ - r v ; - ^ " - / . ^ - ,. • 

Cpsrator_ 

3y 

O i i i ^ i U z,^>y: L>;— 
FRED VAN; MA-;' 

T i t le / / / 

Ti t le , 

Bate Jc-^?3? 13, 1255 



v...-: sLm.-l e«- — "...mc;:a on i^oh a u l t i p l y ecmp_etec. 
• -r Go::;lc:icn o i the v e i l , mr.n annually 
': -. croc.- a'. "cr.jr~si.s3 the n u i t i p - C completion. 

. c i . : _ . ^ r . o r . -11 m u l t i p l e completions V i t h m 
/ c : cit.mic or i r a e t _ r e t r e : . i ~ j n t 

"~~hat CO. 

-L J t I c 

4. Tor Vi-. 
at the . . c v 

• o-:: c.cr.t- or. i . v s l l dur ing vh ich tho packer 
. - . : Vo J I ^ s h a l l a lso cx; t i i i ^ - any t i t e 

_ ; . c c ^ c.- roc-cstec; hy the Ccnni^s icn . 

, . zo ;r. • co: - r .cc^at of any packer lcamr.2* ~ 
•-•"**• - r - U i - - . _ o . . . a v r - t i s g o f clie er-- ""..-** l - e " t ' 

L _ _ . 1 1 r o t - f y t i - . i ^ - '"hr - _ ^tso i*> - ; \ i l u e ^ 
j ; ; . . : :> .^ : i jc . O f f s e t o ^ r a i o r b - n o t i f i e d . 

" . -; . . . . i t ah_.l l cc:-&nce vhen both zoae3 c f _he dual 
".-._..-_.:: -or r:-rc~:;urj s t a b i l i z a t i o n . LOT.:-, zones - h a i l r c -

1 "... v .ei l-hcad proa-sure i n each has s t a b i l i s e d , provided 
_ v , , not r e r a n - o h - i - i n __&_-e .han seven days. 

. •:-. 1 , one zcco c f the dvai 
o i y r c i u C t : c 2 1 i i i l e t r e c t 

i e t i c n _.hai l be produced 
or.e rez-nins s h u t - i n . 

• " i i i ; : - i o r 20v j . i .-ays i n t i c case of a £t-£ w e l l L,nd 
c-..;o c i as o i l r c - l l . >'c t o : I f , os. an i a i t i a l packer 

_._> L e i a j -lowed to tacT at- iospiere due to the lack 
; , o t tse f l o w period, s h a l l bo three hours. 

. o l i o -'.ir ; : c . :> :^ t .on o i T i^v Test ..-J . I . 
1 - i ; ; ; ; ^ . : ; ^ r - _ r i j . * i ; h 2 above. 

tha w e l l s h a l l a 3 a i n be s t u t -

5. 71&T v . j - ; 2 jam 11 0-. conducted even though no leak tas i n d i c a t e d 
c u r i - ^ : / i c . . 1 _*_ . i c ; c c d u r i f o r ."low Test _\o. 2 __. t c be the same 
i - . i s i l o . 1 omcept zhat the p rev ious ly 
im_in i ^ u i - i i a tne- _-one v s i c h w_.s p r e v i o u s l y o a u t - i , 

f o r ijas-zc i s t s nuat 
_"<.;__ure S,"aiii t i s 

•7 p r i o r to the ^ g i n n i n g ox each. 
t hour thereof.- * 

r v a l s on each zona 
ca,ch.>^follo--s: 3-hour 

w i t h a 
te s t a : 

i n t e r v a l s d-.-/:.nj tho f i r s t 
r.fto-*, in^lu-i_n:: ons pressure ceajur 
e l u s i o n c i c _ j n i l c * p e r i o d . 7-cnv^ 
i. j j i n m r s f o-r 

and nt hourly i n t e r v a l s there-
, _3nt i z n e d i a t e l y p r i o r to the con-
t e s t s : i ^ s c i a t e l y p r i o r t o the 

" a't least one tixe during each flow period 
.̂ e „„away point) and i_jiediately prior to the con-

-~:Ŝ  oi ̂ nch flow period. Other pressures 2̂ 7 be taken ns desired, or 
in-,- he requested on v e i l s uhich have previously sho»n questionable t e s t 

ua. 

2---:.o.;r o i l -one t s ^ t s : a l l pressures, throughout the e n t i r e t e s t , 
• L . i l l h_ c c - t i - u o u s l y zic^s-jred and rocorded -slth recordins pressure 

"j;~r-.'i. t^.o r.ccuricy of ̂ u i c h auet be checked at l e a s t twice, once a t the 
"...i-inr.in:; n:.d or.co c t the c~d of each t c j t , v i t h a deadweight pressure 
r-u.-iZ'• I f '•• v s l l i s a £;a3-oil or an oiI-cn3 dua.1 completion, the record-
i n - r--,-u'-5 s h a l l he r c c u i r c d on the o i l none only, w i t h de 

on the gas zone. 
deadweight pressures 

T.iz vz.z--l-r.-i of xhe aboye-describsc t e s t s s h a l l be f i l e d i c t r i p l i c a t e 
i t h i a 15 .1. y:> a f t e r completion of the t e s t . Tests s h a l l be f i l e d w i t h 

the Ar-:tec D i s t r i c t O f f i c e of the New Itexlco O i l Conservation Commission On 
:: c r t r / i . . } t ^ v. 2m_<ioo Packer Lealcase Test Fora Revised 11-1-53, w i t h a l l 
ce„d.v;:_;;ht pruss-jres i n d i c a t e d thereon as Trell as the fl o w i n g temperatures 

tone:: only) and g r a v i t y and GOR ( o i l zones o n l y ) . A 
t i _ t curve f o r each zonu c f each t e s t s h a l l be conntrueted on the 
t i d e of the Packer Leakage Test Form w i t h a l l deadweight pressure 
.aken ;.-.:G:c.:î d thereon. For o i l zones, the pressure curve should a l s o 
i n d i c a t e a l l key pressure changes which Eay be r e f l e c t e d by tbe recording 
;-u<;e chmrts . These key pressure changes should a l s o be tabulated on the 
f r o n t of the Packer Leakage Test Form. 

' i ^ i j z^Zz o i l Tcu:_, 
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Abstract 

The constant search for methods to 
increase the efficiency of production 
systems and to reduce operating costs 
has led to the development of a wire
line tool which makes it possible to 
produce and control two separate res
ervoirs through a single string of tub
ing. This paper is a progress report 
of the experience one company has 
gained with this tool in eight of its 
dually completed wells in Louisiana 
and Texas. Field tests have clearly 
demonstrated that this device can be 
used to maintain separation of pro
duction from two reservoirs, to con
trol and determine the rate of produc
tion from each, and to change the 
rate of production as required. The 
advantages in simultaneous one-string 
multiple completions are enumerated, 
and various applications of the method 
are discussed. 

Introduction 

It is now almost standard operating 
procedure to complete wells in more 
than one zone wherever possible, with 
the great majority of these multiples 
being dual completions. This is a sign 
of the times. Saving must be accom
plished wherever possible; however, 
there is no need to expand on this 
theme. All are painfully aware of the 
economic conditions within the indus
try. It is sufficient to say that the'prac-

Original manuscript received in Society of 
Petroleum Engineers office April 26, 1962. Re
vised manuscript received Aug. 6, 1962. Paper 
originally presented at Spring Meeting of the 
Southern Dist. API Div. of Production held 
March 1-2, 1962, in Houston, Tex. Also pre
sented at SPE Upper Gulf Coast Drilling and 
Production Conference held April 5-6, 1962, in 
Beaumont, Tex. 

tice of multiple completions is here 
to stay and is becoming more popular 
every day. The only question is 
whether or not the practice has evolved 
into its most acceptable form. 

The earlier duals were the concen
tric type, with one zone producing 
through the tubing and the other 
through the tubing-casing annulus. 
This method is still practiced to a 
large degree. It is popular because it 
is relatively inexpensive. Unfortunate
ly, it has some rather severe limita
tions, with which the reader undoubt
edly is familiar. 

The twin-string dual is an improve
ment over the concentric in the sense 
that many of the problems associated 
with the concentric have been solved. 
The objectionable features of the twin-
string dual are the high cost of equip
ping the well with an extra string of 
tubing, plus accessories, and the com
plications brought on by cramming 
all this tubing into one string1 of cas
ing. 

Still another type of multiple is the 
tubingless completion, wherein two 
or more small casing strings are ce
mented in place and subsequent op
erations performed with miniaturized 
equipment. 

The purpose of this paper is to pre
sent a different concept in multiple 
completion—the simultaneous produc
tion of separate reservoirs in a single 
flow string. This method combines 
the simplicity and low cost of the con
centric with the flexibility of the twin-
string dual. In addition, it provides 
the unique advantage of prolonging 
natural flow from a low-pressure zone 
by combining its production with the 

fluids produced from a higher-pressure 
zone. The wireline tool which makes 
this method possible is the multiple-
completion choke assembly. 

Construction and Operation of the 
Multiple-Completion Choke Assembly 

Fig. 1 shows a well properly 
equipped to receive a multiple-com
pletion choke assembly. A conven
tional packer separates the two pro
ducing zones. The upper packer is 
optional. A side-door choke landing-
nipple hookup is located in the tubing 

- Casing 

. Tubing 

- Upper Packer 
(Optional) 

Flow Coupling 

_ Landing Nipple 

_Ported Collar 

_ Polish Nipple 

Upper Zone 

- Blast Joint 

" Packer 

-Perforated Nipple 
(Optional) 

Lower Zone 

Fig. 1—Well properly equipped for 
multiple-completion choke assembly. 



string above the lower packer. The 
multiple-completion choke assembly 
will be locked in this landing nipple. 
Normally located a joint or two above 
the upper zone, the position of the 
landing-nipple hookup can be varied 
to suit well conditions. For example, 
where the two zones are widely sep
arated, it mighj: be placed just above 
the lower packer to facilitate bottom-
hole pressure tests of the lower zone. 

The tool consists of two separate 
assemblies. The outer assembly, which 
is run independently and locked in 
the landing nipple, contains the check 
valves and packing seals which pre
vent flow from one zone to the other. 
In practice, however, only one check 
valve is usually required and is in
stalled to protect the zone with the 
lower pressure. 

The orifice-head assembly, which 
carries the tungsten-carbide choke 
beans, is run separately and is seated 
and locked in the outer assembly. The 
method of running each section ;s 
illustrated in Fig. 2. 

Fig. 3 is a schematic drawing which 
shows more clearly how the device 
works. Production from the lower 
zone enters the assembly through a 
slotted section, flows around a re
silient sleeve-type check valve, enters, 
and flows through the tube of the 
orifice-head assembly; it is choked 
and—now regulated—flows into the 
tubing. Produced fluids from the upper 
zone enter the casing opposite a blast 
joint on the tubing, flow through the 
ported collar of the side-door choke 
landing-nipple hookup, through the 

Equalizing Disi 

Side-Door Choice 
Landing Nipple Hook-Up 

upper slotted secion, around the upper 
check valve, into the annulus sur
rounding the tube and through the 
upper-zone choke bean into the tub
ing. Here the two controlled flow 
streams, which have been kept sep
arate up to this point, combine and 
flow to the surface. 

Tubing Inlet Pressure 

The pressure in the tubing at the 
junction of the two streams will be 
the minimum pressure required to l if t 
the combined fluids to the surface 
(at zero surface pressure) and will 
be determined essentially by the gas-
liquid ratio, production rate and tub
ing size. This pressure, which will 
hereafter be referred to as the "tubing 
inlet pressure", is of particular inter
est because of its importance in the 
application of the multiple-completion 
choke assembly. For example, sup
pose that investigation is being made 
into the possibility of using the assem
bly in a two-zone oil well with char
acteristics as tabulated in Table 1. 

The combined production rate is 
160 B/D of liquid (including salt 
water) and 87 Mcf /D of gas. The 
combined gas-liquid ratio is 543 cu 
ft/bbl. With a multiple-completion 
choke assembly set at 6,500 f t in 2%-
in. OD tubing, it can be determined 
from published depth-pressure gradi
ent curves1 that the tubing inlet pres
sure will be approximately 850 psi. 

The upper zone, with a productivity 
index of 0.5, will produce 96 B/D 
of liquid with a flowing bottom-hole 

Orifice-Head 
- Assembly 
-"0"-Ring Seals 

0 '.Ring,Seals 

- Outer Assembly 
Locked in Nipple 

Orifice Head 
Pocked Off ond 

Locked in Running 
Neck of Outer 
Assembly 

TABLE 1—WELL DATA USED IN EVALUATING APPLI
CAT ION OF MULTIPLE-COMPLETION TOOL 

Upper Lower 
Zone Zone 

Producing Depths ( f t ) 6 .600 7 ,200 
Static BHP (psi) 1,500 3 ,400 
Product iv i ty Index ( B / D / p s i drop) ... 0 .5 1.0 
O i l Produced (B /D) 56 64 
Salt Wa te r Produced (B /D) 40 None 
Gas Produced (Mc f /D ) 39 48 
Gas-L iquid Ratio - 406 750 

pressure of approximately 1,308 psi. 
Since the flowing bottom-hole pres
sure of the weaker zone is greater 
than the tubing inlet pressure at the 
desired rate of production, this well 
can be produced by natural flow with 
a multiple-completion choke assem
bly. Natural flow will be maintained 
so long as the flowing bottom-hole 
pressure of the weaker zone (in this 
example, the upper zone) exceeds the 
tubing inlet pressure. At some point 
in the life of the upper zone, how
ever, conditions favorable for natural 
flow as a single completion would no 
longer prevail. In other words, if 
it were being produced independently, 
some form of artificial l i f t would be 
required. The requirement is post
poned because of the availability of 
the gas from the lower zone. When 
the lower zone can no longer "carry" 
the upper, a single set of flow valves 
can be run to produce both zones 
through the multiple-completion choke 
assembly. 

Allocation of Production 

Allocation of fluids produced from 
each zone is based on a separate, in
dividual zone test. To obtain such a 
test, the orifice-head assembly is re
moved from the check-valve assembly 
and brought to the surface with con
ventional wireline tools. (Removal of 

Upper-Zone 
Choke Bean ~ 

Upper-Zone 
Flow Path — 

Lower-Zone 
Flow Path 

.. Fluids Combined Here 
Lower-Zone Choke Bean 

—Orifice-Head Assembly 

Outer Assembly 

Upper Check Vol.e 

Ported Collar 

.— Upper Perforations 
Lower Check Valve 

Equalizing Disc 

. Production Packer 

Lower Perforations 

Fig. 2—Method of running inner and outer assemblies. Note in center drawing 
that check valves prevent interzone flow. 

Fig. 3—Schematic drawing showing 
operation of multiple-completion 

choke assembly. 



the orifice head does not result in 
interzone flow, as the check-valve 
assembly remains in the well.) I f the 
lower zone is to be tested, a blank 
bean is inserted in the opening in the 
orifice head communicating with the 
flow path of the upper zone. A choke 
bean, properly sized1 to produce the 
desired volume of fluid from the lower 
zone, is placed in the opposite side 
of the orifice head. The orifice head 
is then lowered into the well, and 
landed and locked in the check-valve 
assembly. The upper zone cannot flow 
because of the blank choke bean. Pro
duced fluids from the lower zone are 
measured into conventional surface 
facilities until a stabilized 24-hour 
test is obtained. The orifice head is 
again removed from the well. The 
blank bean is replaced with a produc
tion bean, and the assembly is re
turned to its operating position in the 
well. A stabilized test of the combined 
fluids produced is obtained. The pre
determined rate from the lower zone 
is subtracted from the combined total, 
with the difference assigned to the 
upper zone. 

The test procedure used will be 
determined by the flow conditions 
present in the well—specifically, 
whether or not one of the zones is in 
critical flow. A stream is said to be 
in critical flow when alterations in 
pressure downstream from an orifice 
do not affect the rate of flow through 
the orifice. The critical point occurs 
when the downstream pressure is 53 
per cent of the upstream pressure. 
The significance of this phenomenon 
in the operation of the multiple-
completion choke assembly is that, if 
one of the zones is in critical flow and 
the other is not, the zone not in crit
ical flow can be regulated with a sur
face control without affecting the rate 
from the other. In the well described 
earlier, for example, if the tubing inlet 
pressure is not allowed to exceed ap
proximately 1,765 psi (53 per cent of 
3,336 psi), the rate from the lower 
zone will not be affected. In other 
words, back-pressure at the surface 
can be increased to the point of actu
ally shutting-in the upper zone, with 
no effect on the rate from the lower 
zone. 

In any well where two reservoirs 
are being produced simultaneously 
through the multiple-completion choke 
assembly, one of the following three 
conditions will exist: (1) one zone 
will be in critical flow; (2) neither 
zone will be in critical flow; or (3) 
both zones will be in critical flow. The 

References given at end of paper. 

method of testing for allocation will 
depend upon which one of these con
ditions exists. 

The exact value of the critical P :/P, 
ratio, whether it be 53 per cent or 
some other value, is of no particular 
concern. The ratio is not used quan
titatively. As a matter of interest, how
ever, in the wells where this critical 
point has been observed, the value 
has appeared reasonably close to 53 
per cent. 

The exact point of critical flow can 
be determined by changing the surface 
tubing pressure with an adjustable 
choke, measuring the rate of flow into 
conventional test facilities and observ
ing the effect of the back-pressure 
changes. 

At the same time, the tubing inlet 
pressure is measured with a bottom-
hole pressure gauge. For example, 
tests run on a certain zone in a dual 
completion might result in the data 
shown in Table 2. 

These data show the stream is go
ing into critical flow between a tubing 
inlet pressure of 1,050 and 825 psi. 
This point can be determined more 
precisely i f the results are shown 
graphically, as will be illustrated later 
in actual well tests. 

A predetermined rate for this par
ticular zone on a specific choke size 
for this range of tubing inlet pressures 
has now been established. It makes 
no difference what effect, if any, the 
second zone may have on the tubing 
inlet pressure in the well. Because this 
pressure can be determined, the rate 
from the first zone will be known. The 
difference is then assigned to the zone 
not tested individually, usually the 
lower-pressure zone. 

If each zone can produce its allow
able independently of the other, there 
may be some reason to test each sep
arately. This procedure, of course, will 
require additional wireline work and 
is not essential in determining the pro
duction from each zone. The method 
has been used occasionally to demon
strate the consistency of flow-rate con
trol possible with the choke beans in 
the tool. 

Summarizing, production tests will 
follow one of two patterns. I f either 
or both of the two zones is in critical 
flow when combined, a 24-hour stab
ilized test of the zone with the higher 

TABLE 2—CRITICAL FLOW DATA 

Surface Tubing Tubing Inlet Liquid Rate 
Pressure (psi) Pressure (psi) (B/D) 

700 1,300 50 
500 1.050 55 
300 825 60 
100 600 60 

pressure is obtained. Back-pressure is 
not adjusted during this test. Follow
ing this, both zones are combined and 
tested for 24 hours at a stabilized rate. 
The difference in production is known 
to have come f rom the zone not 
tested singly. 

If neither of the zones is in critical 
flow, the zone with the higher pres
sure is tested individually. The surface 
pressure is varied and the stabilized 
rates of production at the various 
back-pressures are measured. Tubing 
inlet pressure is recorded with a bot
tom-hole pressure gauge. This test pre
determines the rate to be expected 
from this zone during periods of com
bined flow. The rate from the other 
zone will be determined by difference. 

Use Of The Tool In Gas Lifting 

The multiple-completion choke as
sembly, when used as a gas-lift device, 
is in effect a single-point injection, re
trievable flow valve utilizing gas sup
plied directly from the formation at 
maximum efficiency. An expert in gas-
lift technology, in discussing conven
tional gas-lift systems,2 has made the 
following pertinent observations. 

Which flow process, continuous or 
intermittent, will yield the greatest 
amount of produced stock-tank liquid 
lor the least amount of injected gas at 
the available pressures? The continu
ous-flow process, if properly instituted, 
should be inherently more efficient than 
that of intermittent flow. The gas is 
put to work as needed and the high 
dissipation of initial energy in over
coming starting inertia is largely ab
sent. Also, the external work done by 
the gas is negligible. The fact is. how
ever, that maximum efficiency in the 
continuous-flow process can only be 
realized by putting the gas to work as 
soon as possible. This means high 
injection pressures at moderate depths. 
Because the high injection pressures 
necessary for maximum efficiency are 
seldom available, it has been found 
in practice that the intermittent-flow 
process is frequently more efficient than 
that of continuous flow, for wells that 
produce moderate amounts of liquid. 

It is significant to point out here 
that the Phillips paper, previously re
ferred to, lists data from some 34 flow
ing wells and 16 gas-lift wells (con
tinuous flow). The thermodynamic flow 
efficiency for the flowing wells was on 
the order of 85 to 95 per cent, whereas 
the gas-lift wells were mainly of the 
order of 40-60 per cent. There is no 
reason why continuous-flow gas-lift 
wells should not closely approximate 
the efficiency of naturally flowing wells, 
if the installations are correctly de
signed. 

It is recognized that the high-pres
sure requirements for maximum effi
cient operations is definitely a limiting 
factor in any practical well installation, 
l t is most important to recognize that, 
as injection pressures are decreased 
below the optimum, the flow efficiency 



of the installation falls off \ery rapidly. 
Low injection pressures mean high 

injection GORs and should be avoided 
where possible. 

. . . and to emphasize the advantage 
ul valve installations in which the 
valves may be retrieved and reset or 
replaced. 
These statements make a strong 

case for using the multiple-completion 
choke assembly as a gas-lift mechan
ism. The high injection pressures nec
essary for maximum efficiency are 
now within practical reach. Almost 
any well can be produced by continu
ous lift . The "flow valve" can be re
moved and replaced by wireline. All 
this adds up to maximum efficiency 
at minimum cost. 

To illustrate the truly significant 
potential of the multiple-completion 
choke assembly as it applies to gas 
lift , a comparison was made between 
gas lifting with a conventional system 
and with the multiple-completion 
choke assembly in a well in the Sour 
Lake field, Hardin County, Tex. The 
Railroad Commission of Texas has 
granted permission to use in this well 
a gas sand at 9,610 ft to supply gas-
lift gas through the multiple-comple
tion choke assembly to lift produced 
fluids from an oil sand at 9,800 ft. 
The results of this study" were rather 
startling. The input gas required using 
the conventional system was calcu
lated to be 560 M c f / D as compared 
to only 34 M c f / D using the multiple-
completion choke assembly; in addi
tion, it should be remembered that the 
latter method does not require surface 
gas-lift facilities such as high-pressure 
separators or compressors, heaters, de
hydration equipment, delivery lines, 
etc. 

Data pertinent to the analysis and 
the results thereof are presented in 
Table 3. 

Field Tests 

Sun Oil Co.'s first test of the mul
tiple-completion choke assembly was 

TABLE 3 — G A S - L I F T I N G WITH MULTIPLE-COMPLE
T I O N TOOL COMPARED TO C O N V E N T I O N A L 

METHOD 

Condit ions 

Required Production (B /D) 100 o i l , 
100 SW 

Product iv i ty Index ( B / D / p s i drop] 0 .154 
Surface Pressure (psi) 100 
Stat ic BHP Lower Zone (psi) 3 ,800 
Static BHP Upper Zone (psi) 4 ,000 
Gas-Oi l Ratio Lower Zone 

(cu f t / b b l ) 500 
Gas-L iquid Ratio Lower Zone 

(cu f t / b b l ) 250 
Required Gas-L iqu id Ratio for 

W e i i to Flow (cu f t / b b l ) 420 
Input Gas Pressure (psi) 700 

Comparison Between the Two Methods 

Convent ional Proposed 

Number of Flow Valves 1 1 1 
Depth of Li f t ( f t ) 4,500 9,500 
Inpu t Gas-L iquid Ratio 

(cu f t / b b l ) 2,800 170 
(420-250) 

Gas Required ( M c f / D ) 560 34 

in the Kinder field, Allen Parish, La., 
in Sept., 1959. 

Additional development and testing 
were done in the North Winnie field 
in a surface manifold with a high-
pressure oil well flowing through the 
tool. Sand-laden liquid was pumped 
into the flow stream where it entered 
the manifold. The severity of these 
and other surface and subsurface tests 
has resulted in the development of a 
very durable and rugged tool. 

W ell No. 1 
The first successful field test was 

begun March 31, 1960, in a well in 
the Kinder field. The Louisiana Con
servation Commission approved a six-
month test period and, after a three-
month interval, granted permanent ap
proval to use the tool in this well, 
which will be identified as Well No. 1. 

Sun now has eight wells equipped 
with multiple-completion choke assem
blies, and several more installations 
either are planned or are in progress. 
A description of the wells now 
equipped with the assembly appears 
in Table 4. 

Well 1, prior to installation of the 
multiple-completion choke assembly, 
was a concentric-type dual completion 
with the upper zone flowing in the an
nulus between 2%-in. tubing and 5Vi.-

Wel l 

I 

2 

3 

4 

5 

6 

7 

8 

Dote 

6-9-60 
6-10-6 
6-11-6 
6-12-6 

Surface 
Measured Production 

Surface 
Tubing Total Total 

Pressure L iqu id Gas 
Dcte (psig) (B /D) ( M c f / D I 

6-16-60 900 28.92 498 
6 1 7-60 900 30 .07 463 
6-18-60 900 23 .69 442 
6-19-60 900 26 .87 452 
6-20-60 900 27 .45 466 

*Based on predetermined tests shown in Table 5. 

in. casing and the lower zone flowing 
through the 2%-in. tubing. As a re
sult of using the tool, the combined 
hydrocarbon production from the two 
zones was increased by approximately 
20 B/D and 300 Mcf /D , representing 
an annual increase in gross income of 
$48,400. 

Tables 5 and 6 illustrate the exact 
method used to allocate production 
from the two zones in Well 1. Table 
5 represents four consecutive 24-hour 
tests of stabilized flow from the upper 
zone with the lower zone closed in by 
a blank choke bean in the orifice 
head. It is not necessary, as a routine 
matter, to run the tests this long. The 
tool was experimental during this pe
riod, and the stabilized nature of the 
flow possible with the device was be
ing demonstrated. Table 6 represents 
tests made of the combined flow, with 
the resulting allocation to each zone. 

Table 7 shows the results obtained 
during the following months when 
testing the upper zone individually, 
and demonstrates the accurate flow-
rate control possible with the choke 
beans used in the assembly. The same 
5/64-in. choke was used throughout 
the period shown. Gas production was 
measured by orifice meter and liquid 
production was gauged in a 210-bbl 
tank. 

Calcu lated Production 

Upper Zone Lower Zone 

O i l Gas Condensate Gas 
(B /D) ( M c f / D ) (B /D) ( M c f / D ) 

10 .75* 2 3 9 - 18.17 259 
10.75 239 19.32 224 
10.75 239 12.94 203 
10.75 239 16.12 213 
10.75 239 16 .70 227 

TABLE 4—DESCRIPTION OF WELLS USING MULTIPLE COMPLETION TOOL 

Location 

Kinder, La. 

Boyou Sale, Lo. 

K inder , La. 

Bel le Isle, La. 

Kinder, La. 

Bel le Isle, La. 

Boteman Lake, La. 

Sour Lake, Tex. 

Depth ( f t ) 

8 ,067 
8,448 

14,025 
14,236 

7,678 
8,379 

13,958 
13,983 

7,394 
8,390 

12,840 
13,398 
10,154 
11 ,700 
4 ,710 
4 ,788 

Stat ic BHP 
(psi) 

2 ,575 
2 ,460 
5,870 
6 ,533 
3 ,263 
3,371 
6 ,500 
6 ,500 
3,290 
3,485 
5 ,670 
5,781 
4 ,538 
5 ,060 

814 
1,093 

Product ion 
(B /D) 

6 O i l 
19 Cond. 
20 O i l 
75 O i l , 75 SW 
64 O i l 
37 Cond. 

129 O i l 
129 O i l 

7 O i l , 15 SW 
64 Cond . 

115 O i l 
129 O i l 

71 O i l 
65 O i l , 10 SW 

N o Cond. , N o SW 
14 O i l 

Gas-L iqu id Ratio 
(cu f t / b b l ) 

22 ,100 
I 8 ,466 

1,000 
7 ,750 

784 
19,100 

735 
945 
643 

16,188 
906 
423 

2 ,929 
3,354 

113 Mcf Dry Gas 
649 

- I N D I V I D U A L TEST DATA FOR UPPER Z O N E , WELL N O . 1—LOWER ZONE BLANKED-OFF 

Product ion 

>0 
.0 
.0 

Surface 
Tubing Pressure 

(psi9) 

900 
900 
900 
900 

Average 10.75 

<Gas 
( M c f / D ) 

242 
237 
238 
238 
239 

G a i - O i l 
Ratio 

(cu f t / b b l ) 

23 ,300 
22 ,100 
21 ,700 
21 ,700 
22 ,100 

TABLE 6—COMBINED PRODUCTION DATA A N D ALLOCATION TO EACH ZONE, WELL N O . 1 



Well No. 2 

Well 2 was completed in May, 
1961. The upper zone on drill-stem 
test was judged to be noncommercial 
but did produce some oil. This is a 
situation frequently confronting an op
erator. A zone looks doubtful on an 
electric log and a drill-stem test is not 
conclusive—should he make a single 
or dual completion? It is a perplexing 
question. The great expense involved 
in twin-string duals will not often jus
tify a thorough evaluation of these 
doubtful zones. On the other hand, he 
may be passing up a commercial re
serve. The multiple-completion choke 
assembly can be used to good advan
tage in this situation. Doubtful pro
ducing horizons can be fully evaluated 
at low additional cost and, when com
bined with good producers, can be 
depleted without artificial lift . This 
will result in the recovery of more oil 
and more gas. 

Well 2 is a deep, directionally 
drilled, high-pressure, high-tempera
ture well—a water location—and pro
vided quite a test for the tool. The 
wireline operations in this well, how
ever, have gone quite smoothly. 

W ell No. 3 

Well 3 was originally a single-com
pletion oil well. In June, 1961, the oil 
zone was dualled with a deeper sand 
productive of gas and condensate. 

Table 8 gives the results of single-
zone tests of the lower zone; Fig. 4 
is a graphic representation of these 
data. Note that the well goes into crit
ical flow at a tubing inlet pressure of 
1,835 psi, or 55 per cent of the up
stream pressure of approximately 
3,300 psi. 

After the tests of the lower zone 
were concluded, the upper zone was 
tested and then the two zones were 

TABLE 7—INDIVIDUAL TEST DATA FOR UPPER 
ZONE, WELL NO. 1—LOWER ZONE BLANKED-OFF 

Choke Production 

Size O i l Gas 
Dote ( in . ) ( « /D ) ( M c f / D ) 

7-24-60 5 / 6 4 7.23 248 
10-5-60 5 / 6 4 7.80 2 2 7 
10-18-60 5 / 6 4 7.80 227 
12-4-60 5 / 6 4 7.23 209 
1 -27-61 3 . 5 / 6 4 6.38 175 
5-29-61 3 . 5 / 6 4 6.96 150 

TABLE 8— INDIVIDUAL TEST DATA OF LOWER 
ZONE, WELL NO. 3—UPPER ZONE BLANKED-OFF 

Production 
Tubing Pressure (psig) " " 

Condensote Gas 
Surface Inlet (B/D| (Mcf/D) 

790 1,466 38.40 726,802 
950 1,549 39.41 726,802 

1,060 1,835 37.34 708,654 
1,250 2,091 32.12 638,787 
1.335 2,345 30.06 555,196 
1,475 2,517 22.82 454,251 
1,600 3,125 12.44 222,078 

combined. The tubing inlet pressure 
at 7,550 f t was measured with a bot
tom-hole pressure gauge and found to 
be 1,720 psi with a surface tubing 
pressure of 1,100 psi. As a check, the 
depth-pressure gradient curves were 
used to determine the tubing inlet 
pressure under these conditions of 
flow. This value was interpolated to 
be 1,650 psi. The lower zone is in 
critical flow under these conditions. 
This means that the predetermined 
rate of production of the lower zone 
is not affected by combining with the 
upper. 

Well No. 4 
Well 4, a water location, was com

pleted in June, 1961. The upper zone 
is only 8-ft thick and would not jus
tify the additional cost of a twin-
string dual. 

Production tests of the lower zone 
with a 4.5/64-in. choke bean in the 
orifice head were made as shown in 
Table 9. 

These tests show that the well goes 
out of critical flow when the surface 
pressure is increased manually above 
250 psi. Plotting oil rate vs tubing 
pressure locates the critical point at 
875 psi. 

Following these tests, the orifice 
head was pulled and run back with 
the lower zone blanked and a 4.5/64-
in. choke bean controlling production 
from the upper zone. On stabilized 
test in critical flow, the upper zone 
produced 152 BOPD (neither zone 
produces salt water) with a gas-oil 
ratio of 720 cu ft/bbl. 

The orifice head was then pulled 
and returned with each zone open to 
a 4.5/64-in. choke bean. Combined 

TABLE 9—WELL DATA, LOWER ZONE, WELL NO. 4 

Oil Production Gas-Oil Ratio Surface Tubing 
(B/D) (cu ft /bbl) Pressure (psi) 

156 827 150 
158 919 150 
157 936 250 
149 905 975 
133 972 1,075 
122 957 1,200 
100 900 1,450 

production was gauged at 311 BOPD. 
a good check with the individual zone 
tests (157 and 152. a total of 309 
BOPD). 

\\ ell No. 5 Through 7 

Well 5 was a singly-completed, defi
cient oil well when it was dually-
completed in Aug.. 1961, with a gas 
zone. The oil zone was not good 
enough to support a twin-string com
pletion and would have been aban
doned had not the multiple-completion 
choke assembly been available. 

Well 6. a water location, was com
pleted in Aug., 1961, and has been 
produced without incident. 

Well 7, another water location, was 
completed in Aug., 1961. Tests show-
that both zones are in critical flow. 
Each zone was tested separately. The 
lower zone made 65 BOPD, and the 
upper zone was tested at 71 BOPD. 
When combined, the two zones pro
duced 132 BOPD. 

W ell No. 8 

Well 8, the first test in Texas, was 
worked-over and completed as a dual 
in Oct., 1961. This well is completed 
in a low-pressure gas sand and a low-
pressure oil sand. The gas is used to 
lower the gradient in the well to allow 
flow from the oil zone. The low bot
tom-hole pressure existing in the gas 
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Fig. 4—Individual test data for lower zone, Well No. 3—upper zone blanked-off. 



sand will not justify the surface facili
ties that would be required for the sale 
of the gas. nor will the low pressure 
justify the use of this gas in a con
ventional gas-lift system. 

A new check valve received its first 
subsurface test in Well 8. Results 
were quite encouraging, and the valve 
subsequently has been used in other 
wells. The lower zone in Well 8 was 
acidized with the new check valve 
protecting the upper zone. The treat
ment was successful mechanically, 
and the check valve functioned per
fectly. Maximum differential pressure 
across the check valve during acidiz
ing was 4,000 psi. 

This new check valve is a sleeve-
type steel valve incorporating both a 
metal-to-metal and an O-ring seal. In 
time, it may replace entirely the resil
ient-type check valve. 

The required packer-leakage test in 
Well 8 was obtained by blanking-off 
the upper zone in the orifice head and 
flowing the upper zone through the 
casing. The lower zone was open to 
the tubing. The casing and tubing 
pressures were recorded simultane
ously. This is the method for obtain
ing a packer-leakage test when there 
is no packer set above the upper zone. 
If the upper packer is set, packer-
leakage tests can be made by measur
ing the bottom-hole pressure of one 
zone while flowing the other. A device 
is now available which will allow a 
bottom-hole pressure element to be 
run with the orifice-head assembly. 
The shut-in bottom-hole pressure of 
one zone is measured while the other 
is open to flow. This type of packer-
leakage test should be more realistic 
than the conventional test where sur
face pressure fluctuations are observed. 

Allocation tests in Well 8 are made 
by blanking-off the lower zone and 
measuring the gas produced from the 
upper zone through the tubing. The 
two zones are then combined and the 
increase in gas rate is calculated from 
the orifice-meter chart. This increase 
represents the volume of gas produced 
from the lower zone. All liquids pro
duced are known to have come from 
the lower zone, as the upper zone pro
duces dry gas. The tubing inlet pres
sure is measured. The results show 
that the upper zone is in critical flow. 
This means that production from the 
lower zone has no effect on the pre
determined rate from the upper zone. 

It can be argued that this method 
of gas measurement is considerably 
more accurate than the usual method 
of measuring gas into and out of a 
conventional, intermitting-type gas-lift 
well. 

Economics 

Use of the multiple-completion 
choke assembly to produce two reser
voirs simultaneously through a single 
flow string results in an initial saving 
in equipment and rig costs, and in 
later workover costs, when compared 
with twin-string duals. 

The savings possible cover a wide 
range. For example, the equipment 
costs of Well 6 are compared with 
those of a twin-string dual in the 
same field, on a comparative-footage 
basis, in Table 10. This represents a 
difference of $42,131 and includes 
neither the saving in rig time nor the 
considerable saving in workover costs 
which may result. Anyone who has 
worked-over a deep twin-string dual 
in a water location will attest—per
haps grimly—to the costs that can be 
incurred in such operations. 

At the other end of the scale, in 
the relatively shallow wells, a cost 
comparison between tubular require
ments in three different types of dual 
completions is shown in Table 11. 

Initial completion operations con
ceivably might result in the tubingless-
completion dual costing more than the 
single-string dual. 

Simplicity and flexibility always 
should be taken into account when 
planning the system that will produce 
the most hydrocarbons for the least 
money. 

The wireline expense associated 
with the simultaneous, one-flow-string 
method will depend primarily upon 
operator skill, accessibility of location, 
depth and testing requirements. This 
expense will be relatively high for the 
first month or two, and then will taper 
off. Wireline costs fof the year 1961 
in Well 1 have averaged $65 per 
month. In many wells, as in Well 1, 
the wireline expense will be more than 
compensated for by increased produc
tion, reduced lifting costs and greater 
ultimate recovery. 

TABLE 10 — TUBULAR-GOODS COST OF T W I N -
STRING VS SINGLE-STRING DUAL COMPLETION 

W e l l " X " W e l l No . 6 

Conductor $ 788 (20 i n . I $ 538 (16 in . ) 
Surfoce - 1 3,981 (11 3 A in . ) 11,200 (10V„ in . ) 
O i l Str ing .... 6 1 , 5 0 0 ( 7 y 8 in . ) 39 ,600 ( 5 ' / , in . ) 
Tubing 27 ,000 ( 23/ 8 in . ) 11 ,200 ( 2 % in . ) 
We l lheod Costs 5 ,200 3,800 

Total $108,469 $66,338 

Acceptance By Regulatory Agencies 

Permission to use the multiple-
completion choke assembly in Well 1 
was granted by the Louisiana Conser
vation Commission on a six-month 
basis, and then extended permanently 
for that particular well. Approval for 
the other two Kinder wells was ob
tained after a public hearing. The 
hearing was necessary because the 
lower producing sand was unitized and 
created a diversity of ownership in 
those wells. 

Approval for the other Louisiana 
installations has been obtained after 
filing a routine request for permission 
to dually complete, with the provision 
that a review of the well be made after 
a six-month operational period. 

In Texas, the Railroad Commission 
has been somewhat stymied by State
wide Rule 15, which says "No well 
shall be permitted to produce oil and/ 
or gas from different strata through 
the same string of casing". 

This rule was written some 27 years 
ago to prevent an operator from indis
criminately opening two or more zones 
in the same wellbore, and comming
ling this production without regula
tion or proper identification as to 
source. 

The Railroad Commission, after a 
public hearing, granted an exception 
to Rule 15 in the case of Well 8. It 
was emphasized at the hearing that 
the old concept of commingling did 
not apply to wells equipped with the 
multiple-completion choke assembly, 
and that there was no basic difference 
between this and conventional meth
ods inasmuch as commingling oc
curred after regulation, as it does in 
any tank battery where surface com
mingling takes place. 

There are really no statutory ob
stacles to Railroad Commission ac
ceptance of this producing method. 
Opinion No. 0-2245 concerning "The 
right of an operator to utilize gas pro
duced from an upper horizon in lif t
ing the oil produced from an oil sand 
at a lower horizon, without first pro
ducing the gas at the surface", was 
approved on May 20, 1940, by Texas 
Attorney General Mann and by his 
Opinion Committee. They ruled as fol
lows : "So long as the proper steps are 

TABLE 11—TUBULAR-GOODS COST OF SINGLE-STRING VS TWIN-STRING A N D TUBINGLESS COMPLETION 

Twin Str ing Tubingless Sing le Str ing 

Length Size (Length Size 
(f t ) ( in . ) Cost ( f t ) ( in . ) Cost 

Surface 500 9Vs $ 1,750 500 9 % $1,750 
O i l Str ing 4 ,600 7 9 ,450 9,000 2 % 7,450 
Tubing 9,000 2 % 5,600 None — — 

$16,800 $9 ,200 $ l l , 30Cr 



taken to insure against the escape of 
oil or gas from one stratum into an
other, we do not believe that the 
statutes prevent the Commission from 
permitting the more efficient method 
of introducing the gas into the tubing 
below the surface, instead of requir
ing that the gas first be brought to the 
surface through a separate string of 
casing and then reintroduced into the 
well". 

Other Applications 

Use of the multiple-completion 
choke assembly is not limited to the 
applications that have been described. 
For example, the device is ideally 
suited to dual gas wells, and is being 
used in such wells in Mexico. Other, 
more specialized, installations are i l 
lustrated in Figs. 5 through 10. The 

Fig. 5—Two-string quadruple 
completion. 
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— Upper Packer Optional 

- M u l t i p l e - C o m p l e t i o n Choke 

A s s e m b l y 

single-string dual tubingless comple
tion shown in Fig. 10 must surely 
represent the final stage in the reduc
tion of initial equipment costs for 
dual completions. 

Operational Suggestions 

Following are some suggestions to 
those who contemplate using the mul
tiple-completion choke assembly. 

1. Set tubing with as little compres
sion as possible to facilitate wireline 
operations. 

2. Install the side-door choke in the 
landing nipple when the tubing is run 
to permit washing the well around the 
bottom of the tubing. 

3. Pull the side-door choke and 
clean both zones before running the 
check-valve assembly, unless the dif
ferential in bottom-hole pressures is 
too great. 

M u i t i p l e ^ o m p l e t i o n Choice 

Assemb ly 

Fig. 7—High-pressure gas to sales line 
and l i f t i ng deep, low-pressure o i l zone. 
Side-door choke is run in landing nip
ple un t i l multiple-completion choke 

assembly is needed. 

Multiple-Completion Choke 
Assembly Installed Here 

3 ^ - Packer Optional 

Position No. 2 Lending Hippie 
Sliding SinVDoor (dosed) 
Polish Nipple 

Position No. I Lending Nipple 
-S l i d ing Side-Door (Open) 
— P o l i s h Nipple 

Fig. 6—Gas-lifting two zones with one 
string of flow valves. 

Fig. 8—Selective completion using 
multiple-completion choke assembly. 
Two of the zones are produced simul
taneously. When either is depleted, i t 

is replaced with the third zone. 

4. Use a wireline operator experi
enced in the operation of the multiple-
completion choke assembly. Be sure 
he has good equipment on the job, 
including a sensitive weight indicator. 

5. If the lower zone is protected by 
a check valve, do not run the orifice 
head with a blank in the opening com
municating with the lower zone. This 
is similar to forcing a piston into a 
closed cylinder containing liquid, and 
will cause destruction of the O-ring 
seals on the tube and possible bend
ing of the tube. This situation arises 
only when the lower zone is the weak 
zone and requires a check valve. Un
der these circumstances, when a test 
is made of the upper zone alone, the 
O-rings should be left off the tube of 
the orifice-head assembly. The higher 
pressure of the upper zone acting 
against the check valve of the lower 
zone will prevent flow from the lower 
zone. 

6. Take extra precautions to assure 
accurate measurement of the fluids 
produced during tests. This is very im
portant and should be stressed with 
field personnel. 

7. For especially severe service, the 
metal sleeve-type check valve with an 
O-ring seal is recommended. 

Hole Punched in Tub ing and 

" " P a c k - O f f " T y p e Mu l t ip le -

Complet ion Choke Assembly Sel 

Fig. 9—Method of installing multiple-
completion choke assembly i n well not 

originally equipped with side-door 
choke landing nipple. 

Landing Nipple 

k M t i p l e ^ o m p l e t r o n Choke Assembly 

Polish Nipple 

Fig. 10—One-string dual tubingless 
completion. 



Future Development 

The future development of the mul
tiple-completion choke assembly and 
the method of simultaneous produc
tion through a single flow string is 
projected along the following two 
lines. 

1. Surface-recorded bottom-hole pres
sures will be used to facilitate alloca
tion and packer-leakage tests. A large 
portion of the wireline work could be 
eliminated if one had knowledge of 
the two pressures upstream from the 
choke and the tubing inlet pressure. 

2. Informative material will be pre
sented to state regulatory agencies in 
an effort to secure general acceptance 
of the process. This is largely a mat
ter of demonstrating the feasibility of 
the method, both legally and mechan
ically, and showing that it will effect 
conservation and prevent waste. 

Conclusions 

Simultaneous production of two re
servoirs through a single flow string 
can result in a significant reduction in 
completion and lifting costs, and will 
increase current income and ultimate 
recovery. The multiple-completion 
choke assembly can be used to main
tain separation of the reservoirs and 
to control the rate of production from 
each. Test procedures have been de
veloped which provide an acceptable 
method of determining the contribu
tion from each zone. All requirements 
imposed by the various regulatory 
agencies can be satisfied. 
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BEFORE THE OIL CONSERVATION COMMISSION 
OF THE STATE OF HEW MEXICO 

IH THE MATTER OF THE HEARING 
CALLED BY TBE OIL CONSERVATION 
COMMISSION OF MEW MEXICO FOR 
THE PURPOSE OF CONSIDERING: 

CASB Mo. 3X12 
Order Mo. R-2824 

APPLICATZOH OF COHTIMSBTAL OIL 
COMPABY FOR DOWNHOLE COMMINGLING, 
RIO ARRIBA COOMTY, NEW MEXICO. 

ORDER OF THE COMMISSION 

BY THE COMMISSION: 

This cause came, on for hearing at 9 o'clock a.m. on September 
30, 1964, at Santa Fe, Mew Mexico, before Examiner Elvis A. Utz. 

MOW, on this 7th day of December, 1964, the Commission, a 
quorum being present, having considered the testimony, the record, 
and the recommendations of the Examiner, and being fully advised 
in the premises, 

FINDS. 

(1) That due public notiee having been given as required by 
law, the Commission has jurisdiction of this cauae and the subject 
matter thereof. 

(2) That the applicant, Continental Oil Company, seeks 
authority to install a dual-flow downhole choke assembly in its 
Jicarilla 28 Well Mo. 1, located in Unit 3 of Section 23, Town
ship 25 North, Range 4 West, NMPM, Rio Arriba County, Mew Mexico, 
to produce oil from the Gallup formation and to produce oil from 
the Dakota formation through one string of 2 3/8-inch tubing, 
with separation of cones by said choke assembly set at approxi
mately 6500 feet and a packer set at approximately 7317 feet. 

(3) That the applicant proposes to commingle the Gallup 
and Dakota production in the 2 3/8-inch tubing above the dual-
flow downhole choke assembly and to determine production from 
each zone by periodic production tests. 
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(4) That the proposed dual completion should be approved 
for a six-month period in order te determine the feasibility of 
authorising such completions in this area. 

(5) That since the Gallup and Dakota formations in the subject 
well are marginal, the applicant should be authorised to determine 
production from each zone by periodic production tests witnessed b/ 
the Commission. 

IT IS THEREFORE ORDERED> 

(1) That the applicant, Continental Oil Company, is hereby 
authorized to install a dual-flow downhole choke assembly in its 
Jicarilla 28 Well Ho. 1, located in Unit J of Section 28, Town
ship 25 North, Range 4 West, NMPM, Rio Arriba County, New Mexico, 
to produce oil from the Gallup formation and to produce oil from 
the Dakota formation through one string of 2 3/8-inch tubing, 
with separation of zones by said choke assembly set at approxi
mately 6500 feet and a packer set at approximately 7317 feet; 

PROVIDED HOWEVER, that the applicant shall complete, operate, 
and produce said well in accordance with the provisions of Rule 
112-A of the Commission Rules and Regulations insofar as said rule 
is not inconsistent with this order. 

(2) That the applicant shall take a packer-leakage test 
prior to installation of the downhole choke assembly and upon 
termination of the six-month test period authorized by this 
order. 

(3) That upon installation of the dual-flow downhole choke 
assembly and upon termination of the six-month test period autho
rized by this order, the applicant shall conduct tests to deter
mine packer leakage or seal leakage in the dual-flow downhole 
choke assembly in either direction, and shall notify the Super
visor, District 3, Oil Conservation Commission, Aztec, Hew 
Mexico, of the exact date and time said tests are to commence 
in order that the Commission may witness the same. 

(4) That the applicant is hereby authorized to determine 
production from each zone of the subject well by periodic produc
tion tests and shall notify the Supervisor, District 3, Oil Con
servation Commission, Aztec, Hew Mexico, of the date and time 
said tests are to commence in order that the Commission may 
witness the same. 
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(5) That this ease shall he reopened at an examiner hear-
ing in June, 1965, at which time the applicant may appear and 
show cause why the authority granted under this order should not 
be terminated. 

(6) That jurisdiction of this cause is retained for the 
entry of such further orders as the Commission may deem neces
sary. 

DONE at Santa Fe, Hew Mexico, on the day and year herein
above designated. 

STATE OF HEW MEXICO 
OIL CONSERVATION COMMISSION 

mar/ 



BEFORE THE OIL CONSERVATION COMMISSION 
OF THE STATE OF HEW MEXICO 

IH THE MATTER OF THE HEARING 
OtfiXD BT THE OIL CONSERVATION 
COMMISSION OF NEW MEXICO FOR 
THE PURPOSE OF CONSIDERINGi 

CAES Ho. 3112 
Order Ho. R-2824-A 

APPLICATION OF COHTIHEHTAL OIL 
COMPANY FOR DOWNHOLE COMMINGLING, 
RIO ARRIBA COUNTY, NEW MEXICO. 

ORDER OF TBJ COMMISSION 

EY THE COMMISSIONt 

This cause caste on for hearing at 9 o'clock a.m. on July 28, 
1965, at Santa Fe, Hew Mexico, before Examiner Daniel 8. Nutter. 

NOW, on this 16th day of August, 1965, the Commission, a 
quorum being present, having considered the testimony, the record, 
and the recommendations of the Examiner, and being fully advised 
in the premises, 

(1) That due public notice having been given as required by 
law, the Commission has jurisdiction of this cause and the subject 
matter thereof. 

(2) That this case has been reopened pursuant to the provi
sions of Order Bo. R-2824 to permit the applicant to show cause 
why the authority granted under Order Ho. R-2824 should not be 
terminated. 

(3) That the applicant has established that the Gallup and 
Dakota zones in the subject well are marginal and that i t is not 
economically feasible to equip these zones for conventional 
operation. 

(4) That the applicant has established that continued uee 
of the dual-flew downhole choke assembly in the subject well 
will permit the reeovery of otherwise unrecoverable oil , thereby 
preventing waste. 
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(5) That the applicant has established that correlative 
rights will be protected by allocating production froa the subject 
well to each zone by periodic production testa utilising the sub
traction method. 

IT XS TKBRSFORjS ORDERED t 

(1) That the authority granted under Order Mo. R-2824 is 
hereby continued in full force and effectr 

PROVIDED HOWEVER, that a production test shall be conducted 
annually and production allocated to the Gallup and Dakota sones 
of the subject well by the subtraction method until further order 
of the Commission. 

(2) That jurisdiction of this cauae is retained for the 
entry of such further orders as the Commission may deem neces
sary. 

DOME at Santa Fe, Mew Mexico, on the day and year herein
above designated. 

STATE OF HEW MEXICO 


