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. - | Docket No. 30-63
' Docket No. 31--63

BOTH HEARINGS 9:00 A.M. OIL CONSERVATION COMMISSION CONFERENCE
ROOM, STATE LAND OFFICE BUILDING, SANTA FE, NEW MEXICO
Examiner: Daniel S. Nutter; Alternate Examiner: Elvis A. Utz

DOCKET NO. 30-63 - OCTOBER 18, 1963:'

(Continued from the October 9, 1963,

examiner heari

Application of Big (6) Drilling Company for extension of an
existing oil pool and special pool rules, Lea County, New
Mexico. Applicant, in the above-styled cause, séeks the
extension of the Scharb Bone Spring 0il Pool to comprise the .
W/2 of Section 5, all of Section 6, and the N/2 of Section 7,
Township 19 South, Range 35 East, Lea County, New Mexico, and =~ = =
for special rules therefor, including 80-acre spacing and pro-.
ration units to comprise any two contiguous 40-acre tracts,

and for fixed well locations.

31-63 - OCTOBER 30 1963.

 CASE 2678: (Reopened and continued from the October 9, 1963 examlner hearlng)

In the matter of Case No. 2678 being reoPeEggwpursuant<§g~E§Q:-ﬂw*~
_visions of-Order No. R=2359, which ordéer established temporary '
l160~acre proration units for the East Saunders Permo«Pennsyl—
vanian Pool, Lea County, New Mexico, for a period of one year.

All interested parties may appear and show cause why said pool

should not be developed on 40-acre proration units.

CASE 2903: (Continued from the October 9, 1963, examiner hearing)

Application of Coastal States Gas Producxng Company for a dual
completion, Lea County, New Mexico. Applicant, in the above-
styled cause, seeks approval of the dual completion (conventional)
LR s of its Gulf State Well No. 1, located in Upit F of Section 20,
'"QOQV'; Township 17 South, Range 36 East, Lea County, New Mexico, to
T produce o0il from the Double-A Abo Pool and an undesignated Lower
. Leonard pool through parallel strings of tubing.

v R T AR AN
+

CASE 2921:
Application of Robert G. Hanagan for a non-standard gas proration
unit, Lea County. New Mexico. Applicant, in the above-styled
cause, seeks approval of a non-standard gas proration unit com-
prising the S/2 SW/4 of Section 1 and the N/2 NW/4 of Section 12,
Township 12 South, Range 34 East,’ Four Lakes-Devonian Gas Pool,
Lea County, New Mexico, to be dedicated to a well to be drllled
660 feet from the South and West lines of said Section-1.
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CASE 2922: -

Application of Consolidated 0il & Gas, Inc, for an unorthodox

location and a dual completion, Rio Arriba County, New Mexico,.

Applicant, in the above-styled cause. seeks approval of the

dual completion (conventional) of its Jicarilla No. C-1-1] to

. Produce gas. from theialanco‘negaverde and Basin Dakota Gas Pools
‘Said well is at an' unbrthodox Blanco Mesaverde Pool location 890
feet from the South line and 990 feet from_the,East,linehof~ '

ww&MSectionmlly'wanship 26 North, Range 4 West, Rio Arriba County,
New Mexico.

- CASE 2923: - . ,
; ,"ApplicatiOn of Cities Service 0il Company for a special gas- ,
lift gas'allocatidn, Lea County, New Mexico, Applicant, in the
above-styled cause, seeks authority to produce Blinebry gas from

its State "g-» Well No. 1 located in Unit E of'éection 15, Town-
ship 21 South, Range 37

'East, Lea County, New ﬂggico,\ggd to .
»qtilizersaiévgasﬁfer=3u:e~F661fgéséiift'Eiéfations on ita .State

“"S" Well No. 3

1ocateq in said Unit E.

Gas produced from safq

State “s» Well No. 1 would be metered ang charged to the Blinebry
0il Pool casinghead gas pProduction from applicant's State ngn
Well No. 6 also located in the s3:49 Unit E.

‘Application of Socony Mobil 0i1 Company for a dual completion

and for a tubing exception. Lea County, New Mexico. Applicant,

in the above—styled cause, seeks approval of the dual completion

(conventional) of jts State Bridges No. $8-pp ip Unit M of Sec-

) Range 34 EBast, Lea County, New Mexico,

and Vacuum Blinebry 0il

Pools through parallelfstrihgs of tubirng. Applicant'further

seeks an-exception to Commission Rule 107{d)4 to produce the

' _ the casing-tubing annulus from perfo-
rations at approximately 6000 feet up to 2 3/8~inch tubing landed

\, in a dual packer at approximately 4020 feet.

? { - CASE 2925: _

. 7 oot _ Application ©f Sunray DX 0i] Company
% ’ O \ ' Gas Pool and for Special Temporary Pool Rules, Eddy County, New
: - ; Mexico. Applicant, in the above-styled cause, seeks the Creation
of a new Strawn Gas Pool for its New Mexico State "AH" Well No.
1, , ¢ K of Section 30; Township 18 South, Range 23
East, Eddy'County, New Mexico, and the establishment of temporary
Pool rules therefor, including a provision for 640-acre pProration
units and for fixed well locations.

for the creation of a Strawn
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«f  CASE 2926

g Application of Sinclair 0il & Gas Company for‘gp exception to
e Order No. R-1670, Lea County, New Mexico. ~Applicant, in the

above-styled ‘cause, seeks an order permitting its Barber Gas

Unit Wwell No. 1, located in Unit E of Section 8, Township 20
¥ South, Range 37 East, Eumont G.s Pool, Lea County, New Mexico,
'g , to produce 600 MCF of gas per month in eéxception to the shut-in :

. 3§ provisions of Rule 15(A) of Order No. R-1670, Southeast New

'lg Mexico Gas Pool Rules, .said gas to be utilized in the oil well
% 'gas-lift system on applicant's B. J. Barber Lease.

CASE 2927: . e
- Application of Skelly 0il Company for gas commingling, Rio
Arriba County, New Mexico. Applicant, in the above-styled

e Mo SRerey
l.* S

cause, seeks an exception to Rule 21(a) of Order No. R-~1670,
Northwest New Mexico Gas Pool Ruleg,”gqng;@ipréhchemgigg%;usﬂr -
e — r~cfﬁgas*§fsaucea“ff6m”itS“ﬁié?fiiié “C" Wells Nos. 3, 7, 4, 8 and
B 6, located in Units M and P of Section 21, Unit A of Section 28
=% and Units E and J of Section 27 respectively, Township 25 North,

Range 5 West, South Blando-Pictured Cliffs Pool, Rio Arriba ;
County, New Mexico, allocating said gas to the individual wells
“ggithsfbagisfofmpericdiCztestiﬁg. “Applicant further proposes :
to meter said commingled gas and to commingle it with COmmipgled

casinghead gas produced from seven Otero~Gallup oil wells on its ¢
Jicarilla "C" lease. . §

CASE 2928: 3
: Application of Texaco Inc. for a triple completion, Lea County, {
New Mexico. Applicant, in the above-styled cause, seeks ap- 3
proval of the triple completion.(combination) of its State of
New Mexico "0" NCT-1 Well Ro. 14, located in Unit J of Section
36, Township 17 South, Range 34 East, Lea County, New Mexico,
to produce o0ii from the Vacuum-Wolfcamp and North Vacuum-Abo
Pools through parallel strings of 2-7/8 inch casing and to
produce oil from the Vacuum-Blinebry Pool through 1-1/2 inch
tubing run inside 3-1/2 inch casing, all casing strings to be
cemented in a common well bore.

QIR N g e

% AV Sy,

: CASE 2929;

.2 Application of Texaco Inc. for salt water disposal, Lea County,
New Mexico. Applicant, in the above-styled cause, seeks au-

i thority to dispose of produced salt water in the Basal San
Andres formation through its State of New Mexico "O" NCT-1 Well
No. 12 located in Unit J of Section 36, Township 17 South, Range
34 East, Vacuum Field, Lea County, New Mexico.
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CASE 2930: ' -
Application of William G. Ross for a unit agreement, Lea Count:
New Mexico. Applicant, in the above-styled cause, seeks appro
of the South Wilson Deep Unit Area comprising 3,920 acres;' more
or less, of State and Fee lands in Townsh:.p 21 South, Range 34
East, Lea County, New Mexico.

.State of New Mexico
0il Conservation Commission

ir/
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November 18, 1963

Nr. James B, Sperling

Modrall, Seymour, Spcrnng noohlm
and Harris

Attorneys at Law

Post Office Box 466

‘Albuquerque, New Mexico

2924

o AR Ml R

,r"".\lim;‘.vﬂ;\';,.\nfu m ?{*.muw‘nta'v ;;_i‘a),w‘rgA ;u‘k.;,a‘w; OM: e

Enclossd herewith are two copies of the above-refersnced
mmmm,mmummmm )

Very truly m

ﬁ/@uz;,

A. L. PORTER, Jr.
Secretary-Director

iz/
Carbon copy of order also sent to:

Bobbs OCC
Artesia OCC
Astec OCC

OTHER Mr. Joe Gordon




BRFORE THE OIL COMSERVATION COMMISSIONM
OF THE STATE OF KEW MEXICO

IN THE MATYER OF THE HEARING
CALLED BY THE OIL COMSERVATION = . -
COMMISSION OF MEW MEXICO FOR
THR IUI!QBI or Gﬂlﬁlﬂll!lﬂsr

T R

TAGH, The COMBASSAOR RAS juEisGiciion O this cause and tThe ‘“‘jeaF”

“CASE No. 2924

This cause came om for hearing st 9 o'clock a.m. oa
Octoher 30, 1963, st santa Fe, Nev Maxico, bafowe Dendel 8.

Ennminae | by
Mexico, muwuum "Commission,” in
with mk 1214 of the Commission Rules and Regulations.

NOW, om this 18th day of November, 1963, the Commisaion,
a quorws wm'm considersd the application, the

sacecac
ms.m and being fully advised in the promises,

FIND8:
(1) mtmmnem«nvmbmgxmum*

e a7 B JJ e B A A A - ShY S

N ¢ 3] Mtheapplieaat monymbtlmch seeks
authority to complete its state Bridges Well Neo. 58~DD, located.
in Uait ¥ of Seoction 24, Township 17 scuth, Range 34 Bast, NMPH,

produce ou. from the Vvacuam-Glorieta and vacuum—-Blinebry O0il Poolp
through parallel strimgs of 2 3/8~imch tubing.

(3) That the applicant also seeks an excaeption to Rmle
107 (&)4 of the Commission Rules and Ragulations to produce the
glorieta formation through the casing-tubing annulus from
perforations at approximately 8000 feet up to 2 3/8-inch tubing
landed in a dual packer 2t approximately 4020 feet.

(4) That the applicant has not established that the pro-
poged method of completion will result in efficient recovery of
oil.

[

,-~1" -—‘ = . DI ey W S SO G S——— e e S

T b b,
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CASE No. 2924
Oxder No. R~2604

(3)  That inefficient multiple completions ultimately cause

AA“& A.‘.: _..Li-_g. __..’o e A‘ e ",‘- - ;,,“ - T
-

1) That the wjeet application is hereby m

‘ (2) MJWQ!MM“WM&
c<atry of MWMut&Mﬂum“mL

mumn. mu-ueo umwmmm&-
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MAIR OFFICE 0CC -
Mobil Oil Compan I '

""""""""""""""""""" -

e e - T o3 T F " [ 3 J-
e A" Uivision of Socony Mobil Oil Compony, Inc. W UG &3 PN 1 ¢ 37

P. 0. poxMllMl voBBS. NEW MEXICO °
1800 88240

October 8, 1963

Mr, A. L. Porter, Jr., Secretary-Director
- New Mexico 0il Conservation Commission

P. 0. Box 871 '

Santa Fe, New Mexico

Dear Mr. Porter:

Socony Mobil wishes to secure administrative approval under milef107 (d)
(4) for a special tubing installation in the dual completion of the State
Bridges No. 58-DD in the Vacuum Glorieta and Blinebry poeols.

The subject well is located in Unit M Section 24, T17S, R34E, Permission
‘to drill the subject well was given on' August 14 for the Well to be com-
pleted as a dual producer.

As shown on the attached drawing, "Proposed Tubing Installatim,"‘ the
deeper zone, Bliﬂe,bt!,,iS__tO_befp}?le!ééi;i!i:':'%:"‘?=3;"3"—"‘€’£§i’i'§"s€riﬁg. “ine

upper Glorieta zome is to be produced through the annulus area between the
2-3/8" long string and the 5" liner up to the top of the liner at 4024 feet.
This annulus area is to be approximately 1900 feet in length, whereas Rule
107 (d) (2) and (3) requires flowing oil wells to be tubed with tubing set
no more than 250 feet above the top of the pay. At this point the Glorieta
produces into a short string of 2-3/8"_tubing through. a dusl packer-which

" 1s°to be set in the 7' above the liner top. .

‘As shown on the second drawing which includes calculation of the area equiva-
lents, the annulus area for Glorieta production is only a small agount less
than the flow area in 2-7/8" tubing, Our calculations of the pressure drop
in an annulus area has not been completed but we believe that the annular
flow will not offer excessive pressure drop as compared to a conventional
tubing installation,

iy

The subject tubing instaliation offers the >sizing needed for conventional

pumping equipment which has become a necessity in our Blinebry zone because
of apparent scaling tendencies.,

Please advise if this cannot be handled by administrative approval and, if
Tequired, set this matter for examiner hearing at the earliest possible
date,

< wamasr o PIORAARI L5 BotiTt .

Yours very truly,

DOCKET MAILED

i o g JCGordon /nth _Mf Les E. Rof:son, Jﬂ'ﬁ

f' : Gw o FT Attachments Date %Acting Producing Superintendent

- T ' cc: Mr, Joe Ramey, Hobbs *
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THIS DRAWING AND ALL INFORMATION THEREON 1S THE

PROPERTY OF SOCONY MOBIL Oft. CO, INC., AND SHALL NOT
BE COPIZED OR USED EXCEPT POR THE PURPOSE FOR WHICH

IT 1$ EXPRESSLY FURNISHED. THE DRAWING AND ANY COPIES
THEREOF (PARTIAL OR COMPLETE)SHALL BE RETURNED TO
THE OWNER ON DEMAND,
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Generalized Newtonian (Pseﬁdoplastic) Flow in

Stationary 'Pipes and Annuli
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Generalized Newtonian (Pseudoplastic) Flow in
Stationary Pipes and Annuli

4. G. SAVINS

INTRODUCTION

The-first paper in this series’ outlined oracncal meth-
ods for applying the theory of steady-state flow of an
ideal Bingham plastic liquid through a circular pipe
and axially through a stationary concentric annulus to
the engineering analysis of-friction loss problems.

In the present paper the properties of another useful
rheological model, the pseudoplastic generalized New-
tonian liquid, are considered. The t;,rmmolo gy applied
to the rheological modcts is derived from the following
classification of rh “general-
applied to models
which do not have yield points but which exhibit a
dependence on shear rate. The term “pseudoplastic”
applies to a sub-group of models within this class which
exhibit a decrease in “viscosity” with increasing shear
rate. The term “power mcdel” refers to a mathematical
model proposed for describing the behavior of the

mcnts on an o:l-cmulszon mud usmg a commerczally

MAGNOLUA PETROLEUM CO.
DALLAS, TEX.

friction loss or rpm vs torque, from pipe flow or ro-
tational viscometer measurements, respectively, gener.
ally has three qualities: (1) it can be clearly extrapola-
ted toward the origin; (2) there is very little slope at
the origin. This accounts for the high apparent viscosi-
tics at low mixing and pumping rates; and (3) the
flow curve possesses a continuous curvature which
gradually diminishes as the shear increases.

Rheological measurements on a pscudoplastic liquid
can be casily misinterpreted as indicaling Bingham
plasnc behavior. A typxcal case m pomt is iliustrated

available rotational-type viscometer (Model 35 Fann
V-G meter). Applying the “two-point”™® method’ gives
a plastic viscosity of 17 cp and a yield point of 24
In/1C0 ft: at the same time weighting material settles
very easily in this system. This illustrates that it is not

possible_to_distinzuish_between _the pseudoplastic_and

“"pseudopiasti¢ liquid. This model is of interest since cer-

tain of the salt saturated, oil emulsion, and “low solids”
drilling fluids, inverted emulsion- and oil-base drilling
fluids, aqueous gels. gelled crudes and blocking agents
employed in hydraulic fracturing operations are of this
type.

The pre; al Ire xmcnt considers the cquations de-
scribing steady-state Poiscuille flow through a circular
pipe and a s 2:13 nary concentric annulus, and Couctte
flow between concentric rotating cylinders for a puar-
ticular pseudoplastic model. As in the previous paper
it is demonstraied how (hese eguations can be applic
to enginecring calculations ol friction losses. Graphical
procedures for recovering the various flow curves nnd
example calculations are inchuded. A method for sim-
plifying tursuient-fow correlations is alse proposed.

PROPERTIES OF PSEUDOPLASTIC
GENERALIZED NEWTONIAN LIQUID

In contrast to the Bingiiam plistic thy gencralized
Newtonian liquid is yield point-free. However, in the
fiow region the relution between stross md rate o

shcus Is ot e as foin ardinare Nowr i
ficids., I the stress incranes with shear raie at o foss
han linear rate the system iy called paeudoplastic,

PR s N 12:
tnore s Ny

icld paint in this system, the Binoee-
0 the term p.\CL.da]'!‘x
tohavior from Hinchwny puoestic

wior, For the prewdoplastic a plot of ow rate W

1o .

the Bingham plastic from only two data points.

It is possible to determine qualitatively which model
is more uppropriate by a combination of dynamic and
static measurements, Experience indicates that the sim-
plest ¢riierion for the Bingham plastic liquid is that the
caleulated dynamic yield point should be of the same
maznitude us the measured gel strengths, For the oil-
c¢mulsion drilling fluid illustrated in Fig. I, a value of
4 th/100 ¢ was obtained for gel strengths meascred

“In the two-point mcthod the plastic viscosity is propomona! to
the rosiprocal of the differentisd slope, while the sield point is read
diceetly from the inlereept on the dial reading axis corresponding
to zeio Ypin.

€00y /
I RECFROCAL SLOPL® PROFORT.ONAL i
}TO RASTIC VISCOSITY OF 17 ¢n "~/
o0 ,
: /)
/
. //‘/
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o




after 0 and’ 10-minute rest times. Thus, if the caleu-
lated yield point is siganificantly larger than the static

- gel strengths, the system may be pscudoplastic. If the

wels measured at the longer rest times are qum low
and there is lule evidence of thixotropy. as is often
the case in well established drilling fluids, the system
is definitely  pseut

Another. “useful  criterion. .

TWHICIL vl OC appPliva WICIC HIVIC (idnt two datid poils

are available, el from use of the Model 35 V-G
meter. is that on a logarithmic plot most pscudoplastic
flow curves are straight lines while the Bingham plas-
tic flow curve is continuously curved' concave to the
dial reading axis.

Fortunately. there will be many cases where a fric-
tion loss calculated using the Bingham model and one
calculated using the pseudoplastic model will differ only
by an amount well within the limits of accuracy with
which the independent variables can be measured. How-
ever, the practice of predicting the “suspending power”
of a mud for weighting material or of a fracturing
fluid for sand from a calculated yield point can give
rise to serious error if the material is actually pscudo-
plastic.

POWER MODEL LIQUID

There have been various mathematical models pro-
posed for the pseudoplastic fluids. One that has found
widespread use is called the “power model”, defined as
a body for which the rate .of shear is proportional to
some power of the shearing stress.

e=ks¥, . . . . . . . ... . (D

where e is shear rate in two dimensional flow, = is

L, . DA .
the intercept of the line or the r, or 4Ln axis where
D, is unity, is related o v,4,
- DAp - !
(‘”: ) . oo . . .. ... (4
where ‘
“:‘1nff T T TES >
=N'" . . . . . . . . - (4¢0)

It is of interest to note that l-arrow et off, Fischer",
Krieger and Maron’ and Weltmann®, among others, and
more recently Metzner and Reed’, have pointed out the
feasibility ©f characterizing the degree of non-Newton-
ian behavior of various materials through the parameter
N or its reciprocal.

With this method of plotting flow data for a pseudo-
plastic liquid the following precautions neced to be ob-
served. From the hydrodynamics of flow in a cylindrical

DAp . .
tube the term -‘ie is always the wall sheaiing stress,

but the term D, is the wall shear rate only for the
simple Newtonian liquid. In the case of the hodel
presented here the wall shear rate is D,/y,. Neglect
of the term has led several investigators into serious
errors in correlating flow data on a given liquid from
measurements in different geometties. It should also
be noted that. the mtercept from this logarithmic’ plot-
is a dual function of both the rheological propetties
and conduit geometry. This means that in the K’ form

the intercept is applicable only to problems involving
flow in cylindrical tubing.

. THE_CONCENTRIC. A\\ULUS CASE -

st Gk e

TR O e T
Ao
\

“iHe

A

shearing stress, and “k,N are racological parameters
{N>1). Its flow curve is a straight line on a logarith-
mic plot. Reiner’ discusses’ the shortcomings of this
model in considerable detail: It is clear that it does not
correctly portray the behavior of real fluids a5 +—> 0
and again as +— . However, thess limitations appear

to be umm ortant for many practical preblems and

the design of piping systems involving the manufacture,
handling and application of a significant number of
pseudoplastic materials.

BASIC-FLOW EQUATIONS

Tue Pipe Case
The equation® for slip-free flow of a power model
liquid in a cylindrical pipe is as follows.
2;v—6)..._x(m") .5
4L
where V is bulk average velocity, D is pipe ID, and

4

T is pressure gradient.

It is convenient to write Eq. 2 in the form

D, = k.Y, S 1)
where
8 5
T 5NTE C o (3)
DA
T, = —Z—[‘) . . (33)
3% : .
Dy=~ ... (Y

When plotted on logarithmic paper us D, vy 7 2 siraight
line is preduced. It is seen thut N is the slope whereas

DS applied With Surprisiig accuracy -

An analytncai expression for the ﬂow of a power
model liquid in a concentric annulus of circular sec-
tion has been derived by Fredrickson and Bird",

=Dk {DAP\T .
- : g Be!
0 8(4L)..,,......(Sa)
wncre
T NF1 B e e et Rl Tewrte e
0, = $‘ =, +z\.\w}, : (5b)
i=0
,o Y3
in which i
—_ N +1 ‘(- 1)‘ _ _ Nt N-Zied
,:-‘\-.4—( ; )m[‘ (=™ ]
N 19
=, = \j\, - i)( )T I (/@) (N odd)
Ga
N+
=, = 3 ( )( (N even) ,

=TT N1 21—‘1\(“'1
.. N 1-3
N+1\ (N 1)'

O )

( N D!

= |(Sr_~—1 — ,')‘i '
A= \’.xhlL) of r/R for which 7 = 0,
D = insidc diameter of outer tube, and

«D. = oulside dianmeter of inner tube.
24, Sbomay also be expressed as

P ——
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within the accépiable limits of practical engineering

_anpylis.

Q= -TR*‘,TZ-S 3 R (Df) applicalions.
Fredrickson and Bird” hav labulated values of Y fof Rewriting Eq. 6d in the form of Eq. 2 gives
sclc::ted values otN and « . However, it. is d.iﬂ".cult to (4N +8)V D1 — a)Ap]®
ZEET ::'.:f_‘"_“j“"‘“‘;--“\—ﬁlx'«i"ﬂf‘t“féﬁ.’}!—""!’}°!!‘!G‘.‘-l’lﬂg,.§ﬁ)b: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Pl =a) = L{———-—‘i‘—'—‘l .M
lems of relating flow rate to friction losses siace it = - EiTIn : _—
first necessary to-find Y by interpolation, solve Eg. 5f Eq. 7 reduces 10 LG cquauoi 0 Piane TeeRinear

for Q,. and finally cxpress Eq. 3a in terms of these
parameters. :

From the very saisfactory manner in which the flow
of a Bingham plastic liquid“in a concentric annulus
can be considered as plane rectilinear flow ~between
fixed parallel plates’, it secms desirable to examine the
analogous equation for the slip-frec flow of a power
model liquid ik a nariow annuivs. Now the expression
describing the flow of a power model liquid between
fixed parallel plates” is

_ . WDk D.ap\”

N + 4\ 2L ’

where D, is width of the rectangular section and W is

length of the section (W>>D,). Making the substitu-

tions, ) '
2

D. =_D°—E (1 — ar) N P - (6C)

we obtain the following equation describing slip-free
flow ;of a power model liquid in a narrow concentric

.. (62)

Asa). . - - - = (&

= e AL

flow of a Newtonian liquid between fixed parallel plaies
when N.= 1. It is convenient to rewrite Eq. 7 in the
form ‘

De=y ks o o e e oo- o (B2)
12

=7
. YA=(‘4.“N‘—‘_;_8')..~‘¢..-.(8b)

_ D1 = a)8p

aL .»......(Sc)

Tal

_—-—-—'———_D:(l_a). - - . .:. ». .
When plotted on logarithmic paper as D, vs 7, a straight
lipe is produced. Again, N-is the -slope while the inter-

D, . (8d)

1—a)lAp .
cept on the =, or D,(———q—;’l——e axis where D, is unity,

is related to y.k,

rD:(l - a).’lp ’ — ’ B :
———-————"_4L ] —K‘t « e e e (93)

~

where
. Ko=(yf)™ - o o o . (9b)
Here the shear rate is D/Ya-

ThE ROTATIONAL VISCOMETER CASE

T it

- TUR (’4"42’7) R T

_(l-“a)'\i'z 1+«
0= 2 (50 ) N

It is seen that the complicated term Y appearing in Egs.

- S— I 1
5a and 5f is replaced in Eq. 6d by’ lne'sf"—f{f’?(“

In Table 1 are presented ratios of ¥ —l——;'——(—( for selected
values of N and a. For a fixed value of N the maximum
error occurs at the fowest value of «; for example, at
N = 2 the error is 15.99 per cent at @ = 0.1, but only
.02 per cent al & = 0.9. For a fixed value of « the
error increases with iccreasing deviation from simple
Newtonian behavior; for example at « = 3 the error
is 2.28 per cent at N =1, 5.87 per cent at N =3 zad
11.1 per cent at N = 10. However, & majority of the
pseudoplastic drilling and fracturing fluids, gels, ¢iC..
will probatly have N < 3, a usually occuring Deiwedit
0.3 and 0.9.

On the basis of the cited ranges in N and « and a
probable maximum error of about 3 por Lot i appears
lhat the simpler narrow annulus expression, EqQ. 6d, wili
relate flow rate and friction loss with an accuracy well

e

2 ]

1.139% 7.1903
1.0741 1.1019
1.€58
1.03%¢
1.0201
1.0101
10554
1.00243
1.C0J383

OOOO Gl
O AR S
=
Y
o

S ,T"l@ = R./R,_

-which-deseribes _the. behavior _of 2

Tiie “equaiion

power model liquid in the rotational viscometer, in the
absence of slip, is’

2o .
= k‘ T'\ E
B: 1 7%«

D, = Qv o

T, = T/Z:'Rl-"L‘_ -

R. = outer cylinder radius

R. = inner-cylinder radius

« = angular velocity

T = torque

[ = inner cylinder effective length

e =

- - . (5]
When pioticd on logarithmic paper as—BT———l— vs
T a "?rr-;.*r:h ]' 1 ad d B r

=R 2 strzizht line is produced. BY way of contrast,
" when a Bingham plastic liquid is p‘.ouéd in this man-
ner the ploi will be continuously curved in 2 direction
concave to the = or T /2=R7L axis throughout most of
the range, followed toward the lower end of the range

vA3lE 1—COMPARISON BEZIWEEN EXACT AND NARROW ANNULUS SCLUTIONS FCR POWER MODEL LIQUID IN CONCENTRIC ANNULUS

T«
2
[ SO
1.230Q ¥ .
1.31531 3 < .
1.0303 i g .
1.0532 Y.8236 1.0859
1.0309 1.0359 1.0370
1.0130 1.0208 1.0230
1.0%505 1.01169 1.0130
163395 1.60554 1.056593
[ 11 1.00178 1.6019%

o acireny b PR oA
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identical ~lope but with different intercent values. The
rehutionship exprossed by Hgs. 4, 9 and 11 also indi-
cates that the It ues can be readily expressed
in terms of one anotiws. This l’ealure is lhc basis for

L T

Dy . Dp, D, SEC™

1072 o™ ) 10°
(790, (7)), () _

Fie. .Z PLOTTI\C Sm:r:x

LYY

tion flow curves.
RoratioNal VISCOMETER — PIPE CORRELATION
It follows from Eqs. 4b and 11b that

K;=K;/(i’—‘)".' R ¢ )
7 )

This expression conveniently relates the rotational vis-
cometer and pipe flow Turves in terms of -8, the rotor
bob radii ratio, and N or »', the slope of a logarithmic
plot of Eq. 10. Since v./y, is a function solely of 8
and N or #', a-table or graph of K',/K, may be readily
prepared for a given value of B8 and any range in N

or n’. Table 2 gives values of for a 1 to 10 range in

K,
N and also includes corresponding values of v, and v..
For purposes of illustration the latter term is based on
B =:1.0678, the radii ratio used'in the commercially
available viscometer referred to earlier. A graphical
solution of Eq. 12 is descnbed in Appendix A and il-
tustrated in Fig. 3.

RoOTATIONAL VISCOMETER — ANNULUS
SeECTION CORRELATION

Following the same . plan as was used for the plpe .

LR

Jine ont

by a_region \vhlch w1l} appear to be hncqr These d:r-
ferences provide a ready means of distinguishing -be-
tween the power model and the Bingham plastic. Re-
turning to the logarithmic plot of the power model,
¥ is the slope of the line; however, the intercept of the

is related to v.k ,
T ~ X (11a)
?:.‘R,:L . = IR . . . . . .

K =(ykY" . . . . . . . . . (1Ib)
The term 7/2=R/L is always the shearing stress at the
286

surface of the inner cylinder, but the term - i s the

where

shear rate at the surface of ‘the inner cylinder orly for
the simple Newtonian liquid. For the power modzl

liguid the shear rate is  ~———m——— . In the case of

the intercept from the logarithmic plot it should be
noted from the stated definition of X, K| and K
that flow data on a gison power madel liquid obtained
in tubing or aanulur sections of varying sizes will form
a composite plot, lu, a single straight line, for cither

o1 ~t gdate, whereng h ‘7mu dota on
Or anihLar soSUSn Galh, waors <

zme liquid obtained in the mtn"oml viscometer
inner and outer cylinders of varying sizes will
o fumily of puratlel siraight lines.

CORRELATIONS BETWEEN ROTATION
VISCOMETER, PIPE AND ANNULAR
SECTION

s 308 and 1O aaar in long

It iy evident from kg

mic plots those oanfeaions give rive W curves wils

is unity,

CEsdT WL van: Wi iion ;_-.ia’ SHmn” ;Au,

X K/\:, S O I )|

Again, % s a function solely of 2 and N. Table 3

T4

TASLE Z—ROTAT'O\XAL VISCOMET:R' el PIPE CORRELATION FUNCI’[OY\S o

N I S5 /e .2
TTUESEs 1.00 1.00600 _1.G%000 1.G6000
1111 2.5 0.97297 "0.99318 0.9217
1.2500 - 0.89 0.94117 0.92437 0.9647
1.4235 0.70 0.90324 0.97229 0.9493
1.656% 6.80 0.85715 0.95844 0.9352
2.0000 0.50 0.80000 0.93853 0.9232
2.5060 0.42 0.72727 0.9695¢ 0.9144
3.3333 0.20 0.63153 0.28221 0.9102
5.0020 0.29 0.50000 0.73239 0.9143
10.C00 010 0.30769 0.59411 0.9363
*Using 7 = 1.0478
2.00;
1.50- /
i /
1L.80F 7
) K? /f //
1.70- ’

Ere /

Yikc legee S/

130- ‘0.23/030
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summarizes values of - for a 1 to 10 range in N und

ajso mcludu corrc;pondmg values of v, and .. A gra-

v e SN PR iy per e PR g
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and illustrated in Fig. 4.

PRACTICAL APPLICATION

PREDICTING PIPE AND ANNULUS FrLow CURVES

FROM RoratioNaL VisCcOMETER Data

It was convenient, in view of extensive correlations
already tabulated, to base the procedures described in
Appendix B for constructing the pipe and annulus flow
curves from rotational viscometer data on the design
features of a specific design of rotational viscometer,
the Model 35 Fann V-G meter. However, the proce-
dures can be regarded as guides, useful with any rota-
tional viscometer design from which the stress at the
inner cylinder, =., and the radii ratio, 8, can be de-
termined. -

With regard to the mentioned instrument, there are

28%
BF—1
settings as shqﬁ'n.in Table 4. The rélationship between
n" and the ratio of the 600-rpm dial reading 8., to the
300-rpm dial reading 0. is

n'=3.3210g% B ¢ ©5

six fixed values of ———corresponding to the six spccd

f 100
: Joss
S———————— fz':-., e ——
1.90 10.97{0.90
1.80 0.96]0.80
L70 {osslo.70
$600 160} 0.94/0.60 » -
9300 50} o93loso
140 0.92{0.40
1.30 0.910.30
1.20 / 0.90{0.20
110 /\ Jjo.89jo.10
Loof , \/ - 0.88}0.00

€00 020 040 060 O8O 1.00
-

Fic. 4—A~NNULAR SECTION CORRELATION
Dracram.

necessity for interpolating between curves of constant N
which are superimposed on the friction factor plot.

The method dcveloped here _likewise preserves the

_and when rapge extension springs are- av.

** for the range

Ao

Table 5 summarizes some values of

from 1.00 to 0.10 in n. The relationship between r,
in Io/{t" and any dial reading § when the instrument
is equipped with the standard torsion spring unit is

= = (0.01066}0 , . . . . . . . (132)

. = (RF)(0.01066)6 .
where RF is range extension factor for the sprm , 1.e.,
1/5, 1, 3, 5, etc.

Tue CrRITERION FOR TURBULENCE

It is desirable from an engineering viewpoint to pre-
serve the concept of the friction factor-Reyrolds nun:-
ber diagram when .develaping 2 method which defines a
criterion for turbulencefor any given rheclogical model.
Metzner and Reed’ correlated laminar and turtulent
pipe flow data from the literature on the conventional
friction factor plot. However, their developnicnt con-
tains ‘a cumbersome Reynolds number expression, the
calculation of which can be simplified for the power
model liguid. Furthermore, for this model, laminar
friction loss calculations can become less invelved com-
pared to the method they employ. Weltmann®' also re-
tains the basic form of the friction factor plot, model-
ing her methed for the genmeralized Newtonian after
H;d\trom’s" weatment for Bingham plastic flow in
pipes. - A disadvantage of Welimanns method is the

TIONAL VISCOMETER" ANNULUS S2CTION

CORREILATICN FUNCIIONS

, - &R
I “4 v K
1.23 1. o 1. I.
0.99 G. 3 G. Q.9
.50 Q. 7 Q. O.
670 G. 1 G. 3.5
L8 =] 9 Q. C.
020 6.7:703 S. C.c
£.40 RARRER c. .
G.33 G.56250 C. a.
0.2% C.42357 0. [V
.10 2.7%°.30 6. G.

- 3.0878

»\,uu\,\.yl oL uxc J.xu,uuu xcu.r.\.u-x\c]uuxub uunxu‘.x riiiasn

tionship but does so in a simpler manner for the power
model liquid. It is assumed that the transition between
laminar and turbulent flow in both pipe and annular
sectior occurs when a modified Reynolds number ex-
ceeds 2,000 and that in turbulent flow, friction factors
for both pipe and annular section correlate on the

discussed in a mllowmg section. |

The modified Reynolds number is developed as fol-
lows from the relationship,

,:_{VZ_O) S ¢ 12

_ { crosssection’') Ap
\wetted perimeter ) L =~
Now the usual friction facter-Reynolds number rela-

where

TABLE 2—TYHE MNEWTONIAN SHEAR RATE AT THE INNER CYLINDER AS
A FUNCTION OF RPM SETTING®

s 2850
Pl
e {sec?)
£00 1,022
380 511
280 240
1Co 170
[ 19.2
3 5.1

*Stonderd rotor-bod combinotion aad speed sertings {Model 35 fFann
V-G meter}

TASLE 5—VALUES OF N AND " AS A FUNCTION OF Ez-
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tionships in viscous flow for the pipe and narrow an-

where the products y,R, and y.R, dre the modified Rey-
nolds number, reducing to Egs, '18a and 18b when
N = 1. The group ¥,R, is identical with the modified

15500 76aatiad R
Reynolds number (K—§—\~_T£) described by Metzner
»

and Reed’.

~

Ltmu'rxoxs

‘“The procedures just described for handlmo the tur-
bulent flow region for the power model fiquid are based
-on assumptions similer in principal to those suggested
dsuuhcru for non-Newtonian liquids™***. These as-
st.imptxon; are: (1) the onset of turbulence can be ex-

- nrf-_isgd in_terms.of an_arhitrarily_chosen.valuo.of.

2oy

rqodxﬁed Reynolds number and (2) in twrbulent flow,
friction factor data for both pipe .and annular section
£an’ be correlated on a Stanton-Pannell-type curve!

" These are tentative proposals still lacking experi-
mental verification over a wide range of non-Now-
tonian behavior for the power model lquid. It is un-

1dea about turbulent region friction losses for nighty
pseudop astic power model liquids. For example, it cer-
tainly appears logical to expect that for flow in tubes
the more pronounced viscosity gradient between wail
and axis accompanying increased non-Newtonian be-
havior might effectively retard the onset of turbulence
through a dampmg-hkc action on.cddy sites and other
points of disturbance. The net result would then be ox-
pacted to e the appearance of a smectrum of crilic H
modified Reynolds numbers and turbulent friction loss
correlations for varying degrees of noa-Newtcnian be-
ha\'lor unless the moJxﬁ;a Reynolds number can be
redefined to include a damping term.

CALCULATION OF FRICTION Lossus
Appendix B describes dures for predicting pipe
and annulus - fow curves \ rotational viscomweter
duta. Once thess ilow are constructed it is an
casy matier to deiermin . a0kt of inerest Hes in
faming ‘0 or tarbe! Jow using the procedures out-
i the group N, or D, is
3d or Sd und located on
curve. Then =, or +¢ (Egs. 3¢ or
Voinstection an
futed from Egs. 19z or 190,
7.0 or v R,

W Lgs.

Pize madificd Reynokis

iy famin -7 2,000, the
Ap/l is simply

Ap/L o= 40 /D

:r, iC..

E:O.)

nulus arc as follows. ]
Pipe f=16/R, .. . . . . (i73)
Annular 5 ~
section f = 24/R, (170) g 10~ N
- (¢—>1) , & !
~Combinine-Eag -16-and-17-we-canawrite tho followsd e — R —
Reynolds number groups for the simple Newtenian = h
liquid. 2 ;.
Pipe R, = S8Viu/r, . . . . . (18a) w i
Annular ]
section R. = 12V%/~. . . (18b) . L Sl
o : . : i
5 (« —>‘1) o . 10 102 10 104 103 10t
y dnalgig};lor the Ro;cr_m(s)cll;l }iquxd we can wr(ztleg,a). REYNOLDS NUMBER
\ P : | Lt AL Fic. 5—Frictiox Facror Diacram.
Annular
section R, = 12Vpfe, . . . (19b) Annular
(a—>1) ?ectxon) Ap/L = 47,/D.(1 — a) . (20b)
a->1

haoo

If the flow is turbulent the friction factor {f) cor-
responding to y,R, or v.R, is found from a Stanton-
Pannell-type correlation, Fig. 5. The friction loss Ap/L
is then simply

2 & e
Pipe Ap/L = 'fg" .. . (21a)
Annular . B
section - Ap/L=—2Ve _ (21b)
(«= 1) D.(1 — a)

SAMPLE CALCULATIONS

The following examples illustrate the methods out-
lined in Apncndxca;.A and_B_for_predicting_friction

... likely._that thev_will vield much more than a.aualitative.

losses in tuping and annuli for power-modeHype sys-
tems. Note that the system of units described in Table
6 is used exclusively in these examples.

The following data were recorded for a fracturing
fluid using the standard Model 35 V-G meter (range
factor = 1.0).

SBE J T e
(6] 53.0 Q.4618
37 41.0 0.437
208 33.5 0.357
160 23.7 0.253
-] 5.8 0.0618
2 4.3 0.0437

“7c = {1} [0.07088)
These =, values are plom.d in Fig. 6 as Curve V. By
ction, XK = 0.0193 and 6../6.., = 1.415.
From Fig. 3, n" =050, K /K =0.9233, and
-+ K, =0.02090. Using K, = 0.02090 as the base
point, Curve P, the pipe flow curve, is plotted in Fig. 6.

Dimensions of tubing, cxrcu]anon rate, and fluid
density zre as follows.

EXAMPLE NO. ]

1D of wbling (D) =2 in.
Circil.:lon rate (Q) = 1.63 bbl/min
Dansity (p) = 7.508 lb/gai
[17 ‘6] (I 63) .
o .y A
Yo —(~7~) =2 7 fifsec
1961{7
D, = (-‘2‘) ) 336 sec”
7. = 0.383 Ih/{C (from Clll’\L P. the shscissa value
corresponding o D, 36 seC
[1.8581 (7 7.508
e, ASSLOCT)T (7508 ) - 1,775

(0.333)



% TASLE 6—TERMS AND SYSTEM OF UNITS USED IN FFICYIO\J 7 :
2 , 056 CALCOLAT ONS Ap/L = £0.0387-] (0.0079) (20)* (7.508)
; . e Notation . Unins _ (2)
& se volocit v ft/sec . H
‘;_ A varigSle {c-’.nulus) D, - secs“ = 0.4592 pSl/f!
<. b rieble {sips D, . cott S . .
g arrarsiion veriooie e o oo Similar procedures were followed in constructing the
ﬁ 2 Lb/w annular scctxon ﬂow curve (a 0. 50) plotted as Curve
-4 . degrees e -
“E - iR G e e = A TN oG
I = Ef e e * mmcfnsxa.ﬂless
. ow curve intercedt (cnaulus) K'a ib (force}-secr’ f1* - o T N ‘o
! Flow cuive irtorcant (pipe\u X's 15 {forced-sec® fi? B REFERENCES
4 Flow curve inlercest {rot. visc.} K'e 15 (ferce}-secr’ f17 : .
A ifgw}ctg Q byl/min 1. Melrose, J. C, Savins, J. G., Foster, W. R. and Parish,
4 F;:z;.’:: l:::‘" _\’ dimensionless E. R.: “A Practical Utilization of the Theory of Bingham
icnl p/l osi/ft 3 A . M ~ A 3 a9
1D of buter pipe D: in. Plastic Flow in Stationary Pipes and Annuli”. Trans.
Medified Reynolds No. (oanulus) AR dinensionless AIME (1958) 213, 324,
o*g“;’f":_‘i‘-_"‘”d’ No. fpipe} viRe dimensionless 2 Reirer, M.:* Deformation and Flow. H. K. Lewis and Co.,
pipe n. in.
Reciprocol structure No. n" dimansiontess Ltd., London (1949).
g:ecr rate ;-.::cr {'ol \;m:)) e d.‘meﬂsfcn;ess 3. S.znm J. G. and Roper, W. F.: “A Dxrecl-lndua!m"
ear rate factor fann . di. fon . "
Shear rate factor tor “)“‘ _;; d;ﬁiﬁirﬁmﬁfi \1;xomuer for Drilling Fluids”, Drill. and Prod. Prac,
Shear stress {ennulus) . T4 15742 ATI (1901)4
,,,gicor,siress {oipe} . T AbfE- - 4. Porter, A0 W 4ud Rao, P. A, M.: “The Law of Capillary
7:;‘;1'2::’ viscomater] Te Ib/i g;onsin the Case of Colloids”, Trans. Faraday Soc. (1927)
A 0.385 - 5. Farrow, F. D, Lowe, G.'M. and Nealé, S. M.: “The Fiow
14 .
T TEGY S 0.06416 psi/ft of Starch Pa:tes——}‘lon at High and Low Rates of Shear” y
- 31 (2) ‘ Jour. Text. Inst. (1928) 19, T18.
N ©. 2 6. Fischer, E. K.: Colloidal Dispersions, John Wiley and
EXAMPLE NoO. Sons, Ine., N. Y. (1950).

7. l\rle"er L M. and Maron, S. H.: Rheolo"y of Synthehc

D.p = unchange
4 ¥ Latex. 1. Test of Some Flow Equations™, Jour. Coll. Sci.

Q = 4.66 bbl/mm (1951) 6 528. i
[17.16} (4.66) 8. Weltmann, R. N.: “Friction Factors for Flow of Non-New-
V= —-—(,,—)—— = 20 ft/sec méuan Materials in Pipelines”, Ind. Eng. Chem. (1956)
4
{96] (20) - 9. \Idzncr, A. B. and Reed, J. C.: “Flow ‘of Non-Newtonian
D, = (7 = 960 Fluids—Correlation of the Laminar, Transition ard Turbu:
2) lent-Flow Reg:om , AICRE Jour. (1955) 1, 434.
7 = 0.632 Ib/ft° (from Curve P, the abscissa value 10. E:‘cdnck:«\)n l‘\ GC. a}d Bxcx:d R. B.: 'gan-i\e“tonian
dine t .= 96 -2 ow in Annuli”, Jad. Eng. Chem. (1938) 347
; co_rres;‘))on:mg _0 D, = 960 sec™) 11. \[oom,y ML and Black S. Al Ceneralxzed Fluidity
,,,,,, 7_‘(1——‘_:jl‘SDSL{ﬁO)-—{JJOS)—___—r - T g 33 aiz 01 BALTUSION 5 JOWF: COth. SCL.
e (0.652)

12 Hewm,m,, B. O. A “Flow of Plastic Materials in Pipes”,
7R, > 2,000 ) Ind. Eug. Chem. (1952) 44, 651
f =0.0079 (from Fig. 5, Stanton-Paanell curve:T™ ~.

where v.R, = §,538) APPENDIX A

e .DESCRIPTION OF GRAPHICAL AIDS .-

PLOTTING SHEET

A sampic plotting sheet is presented in - Fig. 2.
The ordinate scale is Iubeled D., D, and Dy, sec”. The
scale is Imdexed as 10°. 10, etc. Horizontal lines are
doawn across the »leiiy sheet from the following
ordinate points: 1,022, 311, 340, 170, 10.2 and 3.1, and
labeled 600, 3C0, 200, 100, 6 and 3 rpm, respectively. oo
(These are the values, sec Table 4, of the Newtonian
sheur raie ai itic wall of the inner cylinder of the Model
35 V-G meter when the standard roior-bob combination
is used. )

FThe abseissa sl is labeled (.—,), (7.) and (=), Ib/fF.
ft 1s indexed as 107, 107, 10°, ete.

Prer CORRELATION DIAGRAM

A sample gorrd‘mon diagram is prese 1ed in Fig. 3.
The curves wre graphical solutions of E ¥s. 3b, 12 and
14, and have been provided to facilitate accurate inter-
polat

mewﬁ'

. i X Flew The ordinute scale, left margin, is lakz el 7../4., and
4; Ly B ; | : /'\ :Q.G20S0 > GURVE , isoindexed ws 1:00; 1.10; 1.20; [.36- ..40: 1.30;
e o : R i =0.02156) wrzrePISt: i 1.60; 1.70; 1.80; 1.90 and 2.00. The rizki margin con-
e U 10‘3" i L _‘ R . sisis of & doudle sexle. The ianer scale is labeled. K, /K,
1 e B 5 O BT 1 and s iadexed as 0.90; 0.91; 0.92; 0.93: 0.94; 0.95;
b v 098 w7; 0.98; 0.99 and 1.00. Ta: outer seale is
: . ; et ‘\i M ¢ Dasaane labeled v, and is indexed ss 03 €185 0.20: 0.30: 0.40;

. f FLow Copves, TT0.30; 0.601 0.70; 0.530; 0.90 and .63,
¥




TRV I IR S ek e e

The abscissa scale is labeled o7 and is” indoxad as
0.00; 0.16; 0.20; 0.30; 0.40; 0.50; 0.60: 0.70: 0.80;
0.90 and 1.00.

FricrioN Lass v Preg

Step (a)

_the blottine ‘sheet Fig .2 - —_m),,,-,:ihfzj:,GQOergm—liaeE

and is indexed 5100 1.10; 1.20; 1.30; 1.40; 1.50:
1.60; 1.70; 1. bO 1.90 and 2.00. The right margin con-
sisis of a double scale. The inner scale is labeled
K'—/ and is indexed as 0.88; 0.89; 0.90; 091 0.92;

&
09_) 0.94; 0.95; 0.96; 0.97; 0.98; 0.99 .md 1.00. The
outer’ scal\. is labeled ¢ and is indexed as 0; 0.10; 0.20;
Q.30; 0.40; (.50; 0.60; 0.70; 0.80; 0.90 and 1.00.
The abscissa scale is labeled »' and is indexed as
0.00; 0.10; 0.20; 0.30;- 0.40; 0.50; 0.60; 0.70; 0.80;
0.90 and 1.00.

APPENDIX B

PROCEDURES FOR CONSTRUCTING
FLOW CURVES
THs V-G MeTeR CURVE :
Multiply the dizl reading 6 at each speed setting by
(RF) (0.01066), where RF is the range extension fac-
tor, to obtain 7, values. (Note: RF = 1.0 for the stand-
ard’ version of the Model 33 V-G meter.) Record on

: Calculate
; - g ANNULAR SECTION Comzuxuov DKAGRA\X V=17 I6) 2
T | A cample - serrelatisn-diseramticonretentod —int AR
" L e 4. The curves are graphical solutions of Eqs. Sh, 13 - (96) V
B ; and 14. D
A The ordiinc cale, left margin, is Iabeled ¢../0... Step (b)

Find =,, Ib/ft", correspending to D, by inspection
from the pipe flow curve

Step (¢)
-~ Calculate
= (1.858) V"
Step (d) 7,R. < 2,000
Ap T
L~ 3D

Step (e) R, > 2,000 ‘
Refer to Fig. 5; find f corresponding to v,R, on
the Stanton-Pannell line.

Step (Y
Calculate .
Ap WVp
-2 2P
7 {0.03872) D

FricTION Loss IN ANNULAR SECTION

‘on the 3C0-rpm line, ctc., and construct the best Line
through the pomt:. If th«, line is signtficantdly concave
to the 7. axis, the method outlined in the first paper’
~for computing pressure drop due io erOham plastic
flow should be used.

THE Pipe Frow CuURvE

'On ke plotting sheet ' rexd the intercent X' from the

V-G meter curve on the scale where D, is unity. Wext,
determine f../f... On the pipe correlation diagram,
Fig. 3, read n" corresponding to 4../0... chs. rem
K’ /K’ corresponding 1o #'. From K’ /K’ and K’ find
K. With K as the base point draw =a straight line
parallel 1o the V-G meter curve; this displaced jine is
the pipe flow curva.
THE AxNULar SecTioN Frow Curve

On the plotting sheet read the intercept X! rom
the V-G meter curve on the scale where D, is Lmiiy
Nexi, determine 4.../0:.. On the annular section correl:
tion diagram, Fiz. &, read #” corresponding io 4., ,/u.
Next, read \’f_ ,’;’: corresponding 0 #'. From K’ /X
:;:::1 X ﬁnu K' With K’ as the base point dmw a
illel to the V-G meter curve; this dis-
annular section flow curve.

Step (a)
Calculate
T==D;7bs T -
_ Q
V = (17.16) DIl =
14

S Yooy

Step (b)

e Find oz ThTES,_corresnonding ta.D, hy.inspection.l oo A

from the annular section flow curve.
Step (¢)
Calculate
"R, = (2.787) -I_CB -
X3
Step (d)
‘/.{R‘. < 2,000
Ap T4
PROEEGErY
Step (e) v.R. > 2,000
Refer 1o Fig. 3; find f corresponding to y.R, on
the Stanton-Pannell line.
Step (f)
Calculate

= (0.03872) (;ﬁ" T




Calculaticn of t‘rieuu loss in pipe and mnular sections - steps teken
from "Gsneralized Newtomim (Pseudoplastic) tlov in Stationary Pipes

-

V._._..-‘g, - N T TS [ Tve Ty — - Sk Y “--‘_-— [ R —

--ﬁo-.—. iy g -;“"-’:W. .--c-—*x‘:-::-*‘*—:s-a-c----‘i S“"ﬂr

- Mobil 011 Coqny. Inc.

Whexe V = bulk average velocity, ft/sec.
Q - flow rate, bbl/min.
D = ID of tubing, in.
L correlation variidle (pips), sec
T ‘s shear stress (pipe), w/te.?
vpRy = molified Meynolds No. (pipe), dimensionless
p = deasity, 1b/gal.
&p .= pressure drop, psi
f =~ friction factor (dimsnsionless)
,,,,,,,, . m_m_ dismeter ratio (mmular sectiom. di-nsinlm_,ﬂ_ ’
b, = OD of inmer pipe, in.
D2 = ID of ocuter pipe, in.
.Ds = _carrelstion varisble (ammulus), T R S
Ty = shear stress (smulus), b/fe.2
vk, =  modified Reynolds No. (smmulus), dimemsionless
amd A) . 100 BPD in 2" nom. tubinag
B) 100 BPD in 2" x 5" smaulus.
0 200 BPD in 2" nom. tubing .
D) 200 BPD in 2" x 5" anmulus Con ﬁ

using calculations contsined in Appeadix B (last page) of Savins paper

A-a) V = (QQ1.16%
(friction loss i

in pipe) :
= (17.16) 100 BPD/1440 . 0.299 ft/sec.
. oW )Y 2

[ 4




PRI Y R

-z-
E. Yo
b) "
from plpoflmt curve
&) vk = (1.858) vZp g
1 % )
= (1.858) {0.299)26.7 = 1, 96 x 0%
& O™

d) (1f YR < 2,000)

2 B

psi/fe

or

e) (if YpRe > 2,000)

PRTPTTERET A, i

e R

= (.9%/0°5 psi/ft. .
A\

C - using a) thru f) as above in A

Ap = ggé;‘ﬂ's psi/ft.
T

B - (friction loss in sanular section)

,.) « = DI/DZ
= 2.,340/4,560 = 0.512

. vV = 17.16
(D2)2(1-«2)
s 17.16 Q
(4.560)2(1-0.2628)
= 17,16 100/1440
(4.560)%(1-0,2628)




-3-

= 00,0777 £t/sec. Cor

D, = (144) v ek
¥y (e -

= (144) 0.0777

1

= 5,03 sec”
») W = IWb/ft.z
from annular section flow curve

¢} YaRe = (2.787) ¥2p
A

(2.787) (0.0710% 6.7
5.70%/0-5

1975

d) if y,R, < 2,000

ek
- __&.70x/0°5 S

I - o § A
S T I T e e i e i e et b . A

a ég,“a-épsi/ft.

e) if y,R, > 2,000

f (from Fig. 5) =

£) 4, = (0.03872) f£ v2p
T Dy (l-=)

= (0.03872) . - (0.0777)% .
—7,560 (1-0.512)

= psi/ft.

——————————————

D - using a) thru f) as above in B

., of Ap = /% -6 pSi/ft. > @ Mv\,
et T AN Y
3 s oo 10/50/63
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EEFORE THE
MEXICO OIL CONSERVATION COMMISSION

NEW )OI )
o __Santa e Maw Mawino

L Nt ok — S Yt 9 T S

RTING SERVICE, Inc.
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DEARNLEY-ME,

‘ ALBUOLEROUE, W, =,

PLONE 243.669%
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IN THE MATTER OF: R -
" Applicatidnof Socony Mobil 0il Company for
a dual completion and for a tubing exception,
Lea County, New Mexico. Applicant, in the
above-styled cause, Seeks approval of the dual
completion (coriventional) of its State Bridges

Case No. 292k

P St i Syttt eat? " ! "t P

‘No. 58-DD in Unit M of Section 24, Township 17
South, Range 34 East, Lea County, New Mexico,
to produce oil from the Vacuum Glorieta and::
V%cﬂggﬁBiingbrx;QilmPp?ls,thrqushf;' allel s 2

' :i'ﬁﬁi““iiﬁAP"11¢f' ?tgfﬁh rfSeQ§§&an?iﬁ% 1on

,g , sio uﬂu eaT 7{d %o- ro u;:é%e' hx&

<éga ?ormatiog throug§7vhe casigg-tuginglannulug
from agproximately 6000 feet up

to 2 anded in a dual packet a

egforation’at
§/‘ inch tubing

| approximately 4020 feet.

BEFORE: Daniel S. Nutter, Examiner

TRANSCRIPT OF HEARING

MR. NUTTEH: We will call Case 2924,
MR. DURRETT: Application of Socony Mobil 01l Company

for a dual completion and for a tubing exception, Lea County, New

Mexico.

MR. SPERLING: Jim Sperling, appearing for the applicai

We have one witness, Mr. Gordon.

in this case.

t




o
4
PAGE 2

g .
rrrrrr S S S —— "JJMSLEWBdifGTVi}d»&jLQ,N,m,“MMWMW,;m_w;W;;
K | : ; _ “ ‘ 4
Py called as a witness, having veen first duly sworn was examined
_{: < and testified as follows: g
‘e 13 - DIRECT EXAMINATION f%
£ i z < - - < 3
: ge BY MR. SPERLING: 4 .
iy i | ' :
i L ¥ Q State your name, placé of residence and occupation. 13
. , ;
Ms‘ﬁ A Joseph C. Gordon, Senlor Production Engineer for Socorly 3
e ' . ‘ G

Mobil 0il Company at Hobbs, New Mexico.

“ K
-M;ﬂ.;i;:dw "
¥

2
R
S
N : :
s Q Mr. Gordon, have you testified on previous occasions
PR | ’
e O before the Commission?
‘:H — .Z‘ S - SRS WS SUPU Y W - e e S - - T e
,:A ] _ Y 5 % ATy Ak k 3
P & .5 L i1
e _x i3 Q And your qualifications are a matter of record? . 3
g i3 S
T §E A Yes, sir,
f _.‘i g ,gf‘i'i‘:*f - T I T T R R T l T P A o T T S R "‘,
Vi > MR. SPERLING: Are his qualificatlons acceptable?
s: E MR. NUTTER: Yes, sir, Mr. Sperling.
T MR. SPERLING: Thank you.
o R Q (By Mr. Sperling) What is your position with Socony
**i > Mobil 0il Ccimpany? : %
Q;;l":s," & ‘ . '
4{_: ) :g A I'm a section leader in charge of the Drilling and
R L = -
" %G E.‘: Production Section; on the Englineering Staff at Hobbs.
T §§ Q You are familiar with the application that has been
L ) .
b filed in this matter?
i ‘L A Yes, sir, I am.
\ | Q What does the application propose?
¥ s

A The application proposes the dual completion {n a

. - .
-

e
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W » .

_r conventional manner of our State Bridges No. 58-DD. This well
", is a former completion in the Vacﬁﬁm Grayburg-San Andres Field,
i
- producing through T-inch casing set on top of an openhole com-
= ' '

pletion. The well, this year, was drilled deeper and a liner was

&

‘set to a new total depth of approximately 6,800 feet. The liner

,
Bl P W e .
B b |

FARMINGTON, N, M
PHMONE 325.1182

now has behind it the Glorieta formation at approximately 6,000

';"‘ =~ feet, and we are now in the process of testing the Blinebry
P Q._‘J formation at an approximate depth of 6,400 feet as shown on
! R Exhibit 1 | |
= QO . -
2 This shows a schematic diagram of our completion made,
e g __our proposed completion, which involves the use of two strings of
, ‘ (~ 4 :5 tubing. The longer string for Blinebry production to be run
s ﬁ Q ig S
¢ [ .
ke & £¥ into the Blinebry formation, set in a packer above the Blinebry.
L 2o
‘fi fo3 aXl ’
;é AR ~“The-Glorieta production Yo be produced through a conventionally g
¥C E sized 2 3/8 inch string of tubing set in a packer at the top of
<k - the liner.
SR | :
s - ) The Glorieta production would, therefore, require passage
& -~ _
1 4 N .
H : E through the casing tubing annulus in the section from 6,000 feet
, ' j 14 E i up to approximately 4,000 feet, where it would enter thé 2 3/8
Y . " 87 s ©
Ve i s o : :
4 o o _ 2s inch tubing string, and from there on to the surface.
I S e <»:— = ;‘ ] E ~
‘ _ ‘ s i E L} glél ) - . .
- T SO 39 (Whereupon, Applicant's Exhibit No. 1
- S T <8 marked for identification.)
E e T » . -
! Q Now, the application contemplates an exception %o
| ; fer Commission Rule 107. Would you tell us what that provides, in
substance?




!

t - :
PAGE L
® ' L A _Rule 107 Section d, Number 3 requires that tubing |
S S == : 3
& . N :
S r shall 'be set as near the bottom as practical, and tubing per- |
F forations shall not be more than 250 feet above the top of the
gk . ' F:
L : §§ -Q What physical conditions are present in this well é
: § E g ;s:g that require this application and the request for an exception? g
. g g ;ﬂ. A Our present e?cperience with _other Blinebry comﬁletioné ?
g &,’ in this immediate area has shown us the desirability of having f
' : = L
1 =~ 2 3/8 inch tubing, if at all possible, in order to put in con-
1 = , , ,
B ,
N n ventional size pumping equipment, and also to permit use of
. :
f g E | _phosphate pack_treatmentstoreduos-ase ala.condition which -has .l
BN O . .
ks g :§ shown a growing tendency in the last few months to be present 3
:% [REf | in the Blineory.
CL e sz :
Rl L T - S OOV PSSO
?E L TT"Wenave successfully packed and apparently successfully ;
[~ ’ E
. t 3 . I ":
2 i Es‘ treated phosphate for scale condition through 2 3/8 inch tubing
v = ‘ ;
.g - E in a present single Blinebry completion. We, therefore, think |
1 | y
: E P~ ,
s = it advisable to try to produce the Blinebry through the 2 3/8
E E 5 inch ‘tubing, a conventional size installation. g
, i ié E ic Tubing inside of the 5-inch, 111 pound casing prohibits
7 L
: ® v o _
a h S N the use of anything like normal sized tubing for the Glorieta
s L 52 in the tubing 5-inch casing annulus. There is not enough physi-
g oL BT ‘ v
‘ e i cal room here for anything except extremely small tubing for the
E th Glorieta. So, therefore, we are requesting permission to elimi-
F
; nate a tubing string for the Glorieta in this. éntering through
| ra
r ‘ the liner,
: i .
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j? S p————————— - — e ———— e e e e B
T {Whereupon, Applicant‘'s BXNiolit NO. 2 | 8

marked for identificaton.)

.

Would you refer to Exhibit 27

Exhibit 2+ -

o R

Q
A
Q Tell us what it isdesignhated to show.
A

Exhibit 2 is a cross-section of our tubing-casing sect-

FARMINGTON, N, ™
PHONE 325.1182

[

ion here. The outer circle there is the I. D. of the 5-inch

-

11} pound casing; the I. D. is 4.560 inches.

e T PRSPPI P SR NS

The next full circle is the O. D. of the 2 3/8 inch couplijg;

=

SERVICE, Inc.

2.785 inches. The dashed lines, or the dashed circle there indi-

o
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,.. E f::::cvb e !}a t e S_‘ 1::!‘;53 T Q Ea D o I fz‘: th 9."1:.1;' llbing’ FT ;;;;‘_l!hi(_‘_ h ::i‘sg. = 2‘:3 ?5 i!’l@ he s_; .:and:.the mmrmmTEIn -,,—:r,-tff:;*f;_
$ & = solid inner circle there is the regular I. D. of 2 3/8 inch tubiqg,
L. &l ’
b E §3 or 1.995 inches.
: I o | ;2 e — O S e
% g ' Ea”fi” ' ‘This is a schematic cross section,. The circled numbers
b < :
gy gg there represent the areas involved here in the respective annulu;
hEA
“?‘1 g; metal, and inside tubing volumes. At the top of the drawing here
‘i g >; we have shown this to be the Calculation of Volumes to be used
3 =3 S ,
;i {' Eg as an Area Equivalent for Comparison purposes.
R
¢ eg We have done 211 our work on volumes here showing the
-4 I8 Eg e capacity of 5-inch 113 pound casing %o be 14,7 barrels per 1000
< 5 e
o - g ]
L 3% feet. The inner capacity of 2 3/8-inch, 4.7 pound tubing is 3.9
& 20
5 X
T <t varrels per 1000 feet. The area 2 is the displacement or the
‘- e )
% 3 metal volume of 2.3/8-inch, 4.7 pouads EVE tuvbing, which is 5.5
= barrels per 1000 feet, for a sub-total of, call it 2 3/8-inch
L .; volume of 9.4 bvarrels per 1000 feet. Subtracting this from the

N
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volume avallable inside the casing, gives us 5.3 parrels per

i
]

1000 feet of anmnuiar voiwmes = G — D

By cbmparison here we have also shown the volumhe' of 2 7/8

inch tubiné, as approximately 5.8 varrels per 1000 feet. The

- e
Pid §§ volume of fthe tubing-casing annulus in this particular case is
oW )
- 2
= g g% very close to the interior volume of 2 7/8-inch tubing. There-
- oy
T Fii\ fore we::wo’uld say that the annular area is equivalen’c as an area
_ E %o the interior area of 2 7/8 inch tubing. -
~ % Q } In addition to these calculations, Mr. Gordon, you
E‘ m 2 have madef;other calculations which I confess, vuth my non-sclenti
- E =fic mind I can't understand. Would you explain those to us?
mzugvi - ST T [P DO L SO T, P S, \ ¥ 2
" i (Whereupon, “Applicant s BREIDIT-NowT+
- E £a : marked for 1dent1fication )
= | . E: .
; b é ‘% ) A Yes, sir. Exhibit 3 1s a cOPY of a paper entitled
1
= :,i P "
ﬁ “Generallzed Newtonian (Pseud oplastic)-Flow. in Stationary Pipes
T L
Lt [ Lo
e Fg and Annul“ri". This paper was written Dy J. G. Savins of the Field
'; >:. Research 5La‘ooratory of Socony-Mobil 0il Company. I would like
E é to offer: this paper because it -does' : have an appendix at the
% back wherein they work out the problem of pressure -drops in
0 I & E :
:; I~ annulus.
s R '
S - PR ; :
: h '3'% By reference here to Appendix B, which is the last page of
' e <t this paper, therein they show the formulized steps for this
I ﬁ ’
) calculation of pressure drops using tubes and annular spaces.
x r .
b By packground this work was occasioned througn work in drilling
ik muds and alr-gas types of drilling.

®
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Using the formulas presented by Mr. Savins there, we have

section there, four conditions entitled A), B), C) and

D) where

_ | worked out our problem for the data and our conditions that we
E 3 . ' .
. N T Lo b have in our well State Bridges 58-DD. We have a copy of those |
: ) l ’ . ° - = §
§ E , calculations and we have arrived at a comparative type answer
L -&% with those calculations. ‘
s % 9 MR. SPERLING: I would like to present that as the |
‘ - - . > N ‘ ] J
‘. p . Q 2 next exhibit. |
AR :: . & _ ;
U ,;C, Eﬁ g?f (Whereupon, Applicant's Exhibit No. 4
““raj - S : marked for identification.)
4 b
- ; ! % 8 Q (By Mr. Speriing) That's Exhibit 4, I believe, is it
. o ) i § .
REATEE R [ B i
i d R ¥ =] note
. i ‘B éi s : ) - 1 A
o % @ > A Yes, sir. On this exhibit and the following pages herd '
” .'.f h‘ - k \‘;;
] EE §; g. we have assumed, as shown on the first page, down at the lower = ] i:
= . SN - XN N e 1
: NS N S T =
N
=2
<

SR Y B TSI - S JURI SR i

.5
T s B
% ‘5""-.%*-”-“ ‘
cE : . d‘%.;_-;i
& T oA . ¢
. T R §
-
Wi e
(L e o
3 7o cE
.

P i
b4

T Raa

S XE IXT IE

P NI BE

-y
-

DEARNLEY, MEIER,

__Ganaral Court Kg

Suite 1120 Simms Bui’Jr'ng:gg

‘we would work the problem using Mr. Savins equations. A),_lOO

. barrels per day in 2-inch nominal tubing; B), 100 barrels per day

in a 2-inch by 5-inch annulus; C), 200 barrels per»day in 2-inch
nominal tubing and D), 200 barrels per day in 2-inch by 5-inch
annulus. The answers to these problems, as worked out using the
Savins equations are outlined in the body of the work as shown;_
here,

On Page 2 we show the answer to condition A toc be a préssure
drop of 6.9 times 10 to the minus 5 psi per foot. By comparison
we also nave the solution to Problem B shown on the third page,

as 8.54 times 10 to the minus 6 psi per foot. This is the equiva-

TRV N .
ret g —_— o B

®
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PAGE 8§
., _
T lent pressure drop for 100 barrels a day in 2-inch tubing, and
r ) 100 barrels per day in this annulus. The annular section B 7offex“s B
il less resistance by calculation here to the flow of fluid.
\-.«: )‘ . )
T iy We also have shown the same calculation for 200 barrels .
o i .
i é; 5§ per day in these situations, and here the answers are shown on
- & ;u - -
L= 2z ) . . .
: 3 G . g gg Page 2 for condition C as 20.4 times 10 to the minus 5 psi per
é g o foot; and on Page 3 for condition D as 22.1 times 10 to the minqé
LY S_‘J 6 psi per foot. Agailn, here the tubing pressure drop is greater
;. 'g N L
; g than the annulus pressure drop for these conditions of flow.
u @ Q Does that complete your explanation of the calculations
i E and the conclusions that you reached based thereon?
&~ .k : '
s -0 A The only thing I might offer is an exhibit of our
"‘.T .. i ,,,,,,,,, S S T R I I S S T s S T T T T SR R T T B T 3 B B
b [
e § g% viscometer plot taken on a sample of Glorieta crude. I don't
o : :
= oS know if this would materially add to the presentation here or
T g (Whereupon, Applicant's Exhibit No.
'; g >; 5 marked for identification.)
E E: Q . Do you want to offer any further explanation concern- 7-
.3 " e:q i ing Exhibit 52 | | z
:- g ’E A Yes, sir. This exhibit shows the curve derived from
: L: 5: the plot as explained in Mr. Savins paper, of the indicated
: >0
] 8 .
t <t viscometer - readings at the rotational speed of 600 and 300
r; .
RPM. The line drawn through these two points furnishes an inter-
. Hi ’
' ‘)* cept poiat which is the value used in the calculations in Mr,.
i f
Savins paper.
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—g

Q As I understand, the producing formations from this

=
;

proposed, or to which this dual well is to be completed, are the

v . | Glorieta and the Bllnebry Vacuum In bobh cases, Is that right? |
’ } ‘ ig A Yes, sir. | A | ﬁ;
QE ;é Q Are these zones economical to produce in this aréa as ,
B ‘ g §§ Vsingle c»omprlcietions? - é
gn ’ h: /’ A No, sir, they are not economical as Vsingrlér éompletibﬁﬁ
: § § Q Well, in summary, Mr. Gordon, I assume that yo‘urrca’lcu
i E E lations have shown that the method of completiéns which you have
% : n proposed here will not materially differ from that which is con-
H ‘
* E‘; % téiﬂpla’c‘ed by the rule that we have referred to.
) :; ; :§ A Yes, sir. WWe believe we have shown the pressure df_oi
B R SE g : Vto brer leés in thié anni-zlér case. Tﬁerei;re, thlstublng-casing
. g = 'k >annu1us offers a comparable means both pressure drdp and area
;év E 1. eguivalent for the production of the Glorieta formation.
' g Q FWhich of these for this formation in this area are
= E the most productive, that is présently and potentially?
B E A Presently the Blinebry, because of 1i%s growing scaling
. E E ::5 tendency is also exhibiting some water production and appears to
= §§ be the weaker sister of these two zones.
I §§ The Glorieta at the present time is still exhibiting very
i satisfactory flowing performance, and therefore we have no hesi-
o E tation in requesting this means of producing the Glorieta. Vie
: , ﬁ do not believe that we are going to damage the reser;/oir or
? v i " damage the production characteristic.
h

i
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n L —— S
B Q Do you have anything else to add, Mr. Gordon?
L - MR. SPERLING: At this time we would like to offer
e ’ :
- iy Exhibits 1 through 5.
o =
é‘*- §§ MR. NUTTER: Applicantv's Exhibits 1 through 5 are
- £y '
Sty QS g8 admitted in evidence. : '
y - (Whereupon, Applicant's Exhibits Nos.
I B o 1 through 5 were admitted in evidem:ﬂe.)
¢ i o - ' )
E MR. SPERLING: That's all I have on direct, Mr. Ex‘amirTr.
: T ff] MR. NUTTER: Does anyone have any questions of Mr.
- E n Gordon?
; &
o = CROSS EXAMINATION
LT - I ,
. _:f__ __.BY MR, NUTTER: s e o
g E“{g == e ‘
- i §5 Q Your Exhibit Number 5 is based primarily upon the --
£3 v
i | ot | ,
s f or correction; the calculations of your pressure drops, that's v
S ~~ o e ) e
3 ﬁ R T EXALGIC NUmber ~- :
E A That's 4.
<% u ¥
rm P> —
- = Q That's 49
k| A Yes.
& | |
§E E iz Q It's based, primarily, upon Mr. Savins study of these
r®oE
. ¥ g; pseudoplastic flows through annular spaces, is that correct?
4 - 3
. an 28 A Yes, sir.
a0 i
2 = 1’-"
Gy foF Z E Q And he defines the pseudcoplastic materials that ne's
i LT | f making this studky of as being the sub-group of models which
. L3 B |
: ¥ | exhibited a decrease in viscosity with increasing shear rate,
; . - 1 ~abich wonld seem fo be divected principally at drilling mids and
! ’ oy
X | -
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A Mr. Savins waB contacted for exactly Which“fofmula
to use and these are the ones that he suggested and pointed out
to us.

Q He's not talking about a fluid coming up through the

annular space being driven by an expanding gas in that fiuid, is i:

he?
A No. 1In this the development here is strictly on fluid
Q That's being moved by a solid force being moré fluid
behind it?

A Yes, sir.

Q And in the flow of crude oil through the annular space

in a well that flow is caused‘by the expansion of the gas in the

Mr.ASavins source of energy in his problem here?

A Yes, sir. Strictly speaking, if we were looking at
the absolute values as derived from Mr. Saviné formulas we would
be using different principles. Here we were trying to emphasize
the comparative amounts ofkpressure drop in the two différent
situations, assuming comparable and exactly %dentical conditions,

because there is nothing else at the present time in the;litera-

ture, to our knowledge, that dces concern the two-phase flow in

annulus. There has been some work done on two-phase flow in
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vertical pipes or tubes, Tut nothing in the annulus, and there-
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means of comparison.

Now, from work which we have done on two-phase pipelines,

horizontal pipelines we have observed that in the cases of gas

w3 T8

CE, Inc.

FARMINGTON, N. M,
PHONE 323.1182

and fluid flow, that up to a certain point the total pressure
drop present 1s, more closely co’rresponds to the pressure drop

due to the fluid, whereas at a certain point above, let's call

. : S N [
B oo e A e s, e W e o, e |
\

- ]
“
P
LS .t
E} it a ratio, the gaseous phase of the two phase, fluids will take
; g Z; over and become the controlling pressure drop and you wiil
#_,\_;S : -
‘g E exhibit increased pressure drop due to the presence of the gas
S SN M - e S S S
: % phase, This is in horizontal pipe, 1t also, I believe, indicated
L S - @
= ;g this increased pressure drop due to gas flow at much higher
: s x
¥ R Y . L .
tE & ratios than what we have present in this particular Glorieta
—“g ,,,,,,,,,,,,, z e - — e e b et ez e e e e . e o e e PR S—
- ,,gé E formation.
2 = ,
3 i E Q Now, in Savins computation of friction or of pressure
= e >:‘
; f & = drop on these pseudoplastic materials, has he taken into considega-
an g | |
; 5 tion any friction loss due to the oil in the annulus bumping
; 3 r:% i across, say for instance, the tubing collars as it comes up that
= T ) Q 2-3
_ _.§ . 53 annulus?
¥ “ 4
i . §'§ X
g §§ A No, sir, to my knowledge he has not. This is an
o )
b extremely mathematical type of derivation based on some fieigd
P rule.
o i 5 3 tn
i - ' ‘ , Q He hasn't taken into consideration any slippage of thd
o gas zs it comes up the annulnug?




H
) PAGE  1h4 ¢ |
B  ta T "‘A ’ No, sir, Mrpsav;s‘paper is purely a fluid paper.
T : | F P S — ‘j_‘“,h _tresgtment that-you have-bess=us
o E r Blinebry to reduce the scale there?
B | iy A We have been packing the area of the lirer in the
i
g/g §§ perforated, perforatiorsa solid pack with small grained phosphate
A ’; g g §§ particles intfoduced into this space through the tubing,'bj »
¥ ? y .
E l ; gravity. This has been a treatment now for approximately two
3? E weeks, S0 it's really too éarly‘ f.o say 1f this is the cure-all.
;' | g We believe it is though.
) ~§ l Z; Q  Have you ;t‘ried, for instanqe, treating é well with |
- m«f l ' E this phosphate through 2-. _.‘1/1611»1 inch tubing rather than 2 3/8? :
,Jfﬂ_;-;s S A Mo —sir-——sur=5e fly-l.c viua;u"""ii’féi’e?"?é'"ﬁvs"éMEG%@EM 1ona1 N wﬂé;
Y e a
S - = .§§ sized pamping equipment where they have encountered this scale
“‘ l R E condltion, and they would prefer to use 2 3/8 1nch tublng ;m | f
‘3 B g "I these cases. A o v
o . :
: 1 g Q Which would preclude a tapered tubing string and the ﬂ
9’ i : use of the tubing in the 2,000 feet from 4,000 feet to 6,0009 i
g«,% . 5 ‘A Yes, sir, except for an extremely small Sized tubing i
z %’1; i E :é string, which would not take any pumping equipment, and which
;}‘ Qﬁ’ ] S §S I do not believe would offer any advantage as far as the Gloriéte,
f i §§ production is concerned.
i” E Q Where would you put a seating nipple in this siring of
; i! 2 3/8 inch tubing to the Blinebry formation?
3 A N A In the Blinebry formation we have not put any seating
; - ‘ I : L pionles into the tubing string. When these wells go on the pump

~ ol




PAGE 15
o
b we are planning to run mechanical seating nipples.
‘E"! Q With thev jarr*aﬁg'emeht éhat you have here ;fér' the
L Glorieta your pump is golng to hdve to be at least 2,000 feet
; B3 . o T s A T
iy above the perforations to the Gloi,rie‘ta, isn't 1it?
i | o
p b §§ A At such time as the Glorieta declined to the point
2y N . ’
% {: g §§ where it required pumping equipment we would have a different §
Clpm - problem, and we might, we would ﬁaye”_t”o, install pumping equip- |
> b B9 :
o E S ment at approximately 4,000 feet .unless we made some other
N , o : -
: } bt Iﬁ arrangements in regard to the tubing string. g
3 I: 3 Q In this proposed compietion that you have here, you
: . /7y -
‘ F E couldn't pump the Glorieta if thef u%fg)level dropped below the
N S I 5 g : P .
1 ;7 4,000 feet?
ok : ;
M ey __A Correct, ) | o
ﬁg » MR, NUTTER: Are there any other questions of Mr.
@ L: E Gordon? He may be excused. ;
P, S — S T 3T S T SIS UNEIPIT. SN WP UNSSUNSU SE———:::
F - LWIGHESS eAxCusSeu. i i k e
A >:| L E
b S MR. NUTTER: Do you hdve anything further, Mr. Sperlirg?
5 B i~ ; ‘
F& i . .
TR E MR. SPERLING: That'siall I have, Mr. Examiner.,
PR ; :
{4 E ic MR. NUTTER: Does anyéne have anything they wish to offfer
‘i <4 .
» S 33 in Case 2924? We will take the case under advisement.
. H . :
A §3
£ ;{
i
T
g A
b
o 4
o
i ;
!




B 1

PAGE 16

i
PRr—
!
i
4
[
I
\
i
i
i

=
[
i

o

STATE OF NEW MEXICO

COUNTY OF 'BERNALILLO
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I, ADA DEARNLEY, Court Reporter, do hereby certify that

|

the foregoing and attached transcript of proceedings before

FARMINGTON, N, M,
PHONE 325.1182

e

the New Mexico Oil Commission at Santa Fe, New Mexico, is a
. true and correct record to the best of my knowledge, skill and

ability.

DEARNLEY-MEJ&R REPORTING SERVICE, Inc.

IN WITNESS WHEREOF I have affixed my hand and notarial

seal this 9Oth day of November, 1963.

- "Notary P

[}
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1

SANTA FE
PHONEK 9t

'My Commission Expires:
June 19, 1967
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PHONE 243.6691

ALBUGUERQUE, N, M,

I do hereby certify that the foraguing 1s
a coupiete record of the proceedings m¢

the F:o.iner heart & 0% Case EOZ f =T
heard ty ne on&w. 1943 .
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BEFORE THE OIL CONSERVATION COMMISSION
OF THE STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING

THE PURPOSE OF CONSIDERING:

R s SRR = Y ) i e T T

W

o
e

s s Vel o oo Rk

o

ES

_BY THE COMMISSION:

S T S R I T e e e e CASE m; ,,,,,,,,,,, 1 m =
PV Z -

APPLICATION OF SOCONY MOBIL OIL g
COMPANY POR A DUAL COMPLETION AND 4 _ é
FOR A TUBING EXCEPTION, LEA COUNTY, ‘ : ¢
NEW MEXICO. - !

ORDER OF THE COMMISSION

This causé came on‘for-hearing at ‘9 o'clock a.m. on
-October 30 , 1963 , at Santa Fe, New Mexico, before _
Examiner duly appointed by the 0Oil Conservation COmmission of New

Movico . hersinafter-referred-to—as—the "CUOmiission, © in accordance
with Rule 1214 of the Commission Rules and Regulatioms.

NOW, on thlS _.day of _ jovember ., 1963 . the COmnission.
a quorum being present, having considered the application, the

evidence adduced, 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) fhat the applicant, Socony Mobil 0il Company, seeks authority
to complete its State Bridges Well No. 58-DD, located in Unit M of
Section 24, Township 17 South, Rahge 34 East, NMPM, Lea County, New

Mexico, as a dual completion (conventional) to produce oil from the

- Vacuum—-Glorieta and Vacuum-Blinebry Oil Pools through parallel -

strings of 2 3/8-inch tubing.

(3) That the applicant also seeks an exception to Rule 107(dX34
of the Commission Rules and Regulations to produce the Glorieta
formation through the casing-tubing annulus from perforations at
approximately 6000 feet up to 2 3/8-inch tubing landed in a dual

packer at approximately 4020 feet.
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CASE No. 2924

(4) That the applicant has not established that the pro-

oo =TT B e et e B s B O T S uo I T T N TeunTy S — . -
v wosecd methed-¢of CoOMpLigcion wi L ,l:t:;iu}_L. AT LAEIL‘.}LQHL I‘.’.‘CL“.".‘IY orf

(5) That inefficient multiple completions ultimately cause
(6) That the subject application should be denied.

. L
4 o
WL A

IT I8 mmom: ORDER!D
(1) That the subject .application is hereby denied.

(2) 'That jurisdiction of this cause is retained for the

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

entry of such further orders as the Commission may deem néCessary.
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