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ABSTRACT .
An ex1st1ng def1n1t1on of rock conf1nement pressure has ‘been -
' mod{f1ed to account for the de51gn features of the f]ow ce]] _Use._
nof the mod1f1ed def1n1t1on (to exper1menta1 work) reduces the magn1tude
of the stress created on the rock samp]e o |

‘

Using. the mod1f1ed rock conf1nement pressure f]ow tests under -

different n ’”f/nf1nement pressures were c0nducted on three Ind1ana
11mestogé/a:: two Bla1rmore sandstone samp]es 1n order tb determ1ne
~the effect pf conflnement pressure on the v1sco 1nert1a1 f1ow |
:‘parameters K b, and FB The observed f]ow data were used to est1mate ‘
these parameters both graph1ca1]y and numer1ca11y The non- 11near
p.]east squares parameter est1mat10n techn1que, employing the Gauss-

Newton a]gortthm, was found superlor to that of the graph1ca1 method

o wh1ch requ1res data sp11tt1ng The effect of conf1nement pressure on .'”

- the parameters, as, determxned in th]S study, compares favoqpb]y w1th
that reponted in the 11terature for linear systems '

The sens1t1v1ty of these parameters to the number of data
'4po1nts, i.e. po1nts in the v1scous and/or 1nert1a1 reg1ons was a]so
‘“,stud1ed ‘,M.L‘,_ -t L R t ?._ o ;3i“:¢g k o
Recent stud1es 1mp1y that the 1nert1a1 res1stance coeff1c1ent,
| ‘_FB, may be a property of the f]u1d as we]] as the rock Us1ng n1trogen,f7r
argon and methane flow tests were conducted on two rock samp1es, the ):

. \
: ;freSUIts of wh1ch 1nd1cate a weak dependence of FB upon gas“propert1es

A _/

) v




#

N

B - S S ;
Some anomalous behavior of -the K]inkenBerg plots yas observed

in this study. It is believed that the peculiarities related to the

‘»lirhhs’emp1oyihg the f]dw test method CaSe'I ‘were caused by 1nadequate
:conf1nement of the rock samp]e wh1ch in turn caused gas to f]ow in ;'I -
_the 1nterfaces as well” as through the rock. fHowever, it TS'feTt that '
'the ava11ab1e 1nformat1on is 1nsuff1c1ent at th1s time to exp]a1n-

.;the behav1or of the . K11nkenberg p]ots for those runs emp1oy1ng the "‘

1itest method Case II, and - that further deta1led research 1s requ1red
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CHAPTER 1

~ INTRODUCTION

Cons1derab1e theoret1ca1 and exper1menta1 work has been under-}
" . taken on. the subJect of f1u1d flow through porous med1a It 1s‘common
in the 11terature to descr1be fluid flow behaV1or in the v1scous and
v1sco—1nert1a1 f]ow reg1ons-by means of'Darcy S Lawvand the Forchhe1mer '
equation~respective]y'(1 2) ‘ '} ’ | | |
) In his work, P1p1apure (3) stud1éd steady rad1a] gas flow S
through porous med1a both theq§3t1ca11y and exper1menta11y He. é;’
p oposed an. equat1on to descr1be steady rad1a1 gas flow through porous
':med1a character1zed by the v1scous ;oeff1c1ent FA, the 1nert1a1 . t
coetf1c1ent FB’ and’ the sl1ppage coeff1c1ent b. He observed 1nstances
;of pecu11ar behav1or of the K11nkenberg plots for certa]n runs (4).
It may be that the concept of net rock conf1nement pressure used 1n
h1s work. was the cause for this anoma]ous behav1or
Crafton (5) proposed rad1a1 f]ow equat1ons s1m11ar to the
kForchhe1mer quadrat1c f]ow equat1on by assum1ng the ex1stence of
.hsteady or pseudo steady-and 1sotrop1c—turbu1ent f1ow in porous medja;
By 1nc1ud1ng the f1u1d v1scos1ty in the def1n1t1on of 1nert1a1

coeff1c1ent wh1ch he des1gnates by B Crafton (6) asSumed that FB

a property of the f1u1d as we]l as the rock This dependence of FB

on-f1u1d-propert1es was a]so suspected by Carman'(Z) when he stated
" that "un11ke FA’ the factor EB 1s not a true spec1f1c constant but
o : R
- D genera]]y a funct1on of the f]ow rate q.' o
" , T _

e
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- With these fundamenta1 1deas in m1nd, it was decided to under—

take an exper1menta] study of steady rad1a] gas f]ow through conso]1—.“w‘

dated rock samples in order to ach1eve the fo]10w1ng ob3ect1ves
e - 1. To reexamine the concept of det rock conflnement
| pressure.. | | | o
é.'JTo examine thedpossibiiity that the parame%ers.Kt_}
.‘;'b,,and(Fésafe‘dependent'uponnthe magnftude,of'the‘
net rock conf]nement pressure | _
| 3; ‘To‘determ1ne‘whether FB 1s-dependent upon. f1u1d
propert1es as we]] as rock propert1es,
To accomp11sh the f1rst two ob3ect1ves, it was dec1ded to
ﬁ1nvest1gate a new def1n1t1on of the net Cgck conf1nement pressure r'~
| wh1ch 1nc1udes the de51gn features of the samp]e ho]der used by
'P1p1apure - Secondly, 1t was .decided to conduct var1ous f]ow tests
both on the 11mestone samp]es s1m11ar to the. ones used by P1p1apure
. and on new more competent sandstone samp]es, i.e. with high- compress1ve
'strenqth and/or modu]us of e]ast1c1ty, under d1fferent net conf1nement
pressures.- | |

To accomp]wsh the third ObJeCt1Ve, 1t was dec1ded to conduct :_;

'f1ow tests w1th d1fferent gases



 CHAPTER 11
LITERATURE SURVEY e
- Stnce there is an abundance of ava11ab1e 11terature an. the o
subJect of f1u1d flow through porous med1a the present sect1on 15 .
subc]ass1f1ed in order to cope with various aspects of the topic. |

_Hence,fthe survey covers the work done in the areas of v1scous and

v1sco~1nert1a1 f1u1d flow. together w1th the1r exper1menta1 ver1f1cat10ns

AL Vlscous F1u1d Flow Through Porous Med1a

P “In 1856 Henry Darcy proposed an emp1r1ca1 equat1on for f]ow
:of water through a permeab]e medium (_) - The so ca]]ed Darcy's Law f
"when mod1f1ed to descrlbe steady v1scous 11near hor1zonta1 1ncompres-»

sxb]e fluid flow through a homogeneous porous med1um can be Wr1tten

as

Hubbert der1ved Darcy S Law from the fundamenta1 Navaer-
Stokes equat1on of mot]on thereby emonstrat1ng its mechan1st1c
bas1s‘(9) | 3 | L .
| | K11nkenberg s work (1&).showedithat'a]though Darey}stLaw
‘rholds in the case of 11qu1d f]ow,,1t does not hold for gas f]ow at.
Tow pressures In h1s work he observed that gas permeab111t1es .

‘are a]ways hlgher than }1qu1d permeab111t1es as: ca]cu]ated from

Equatlon 1. He attr1buted th1s phenomenon to s]1ppage and proposed

" Q“. R
3,



‘where'

‘the 1dea that permeab111ty in Equatlon 1 should be rep]aced by an

' apparent permeab111ty def1ned}as

+ =
! p

Ka ‘="‘K,

| Th1s shows the dependence of gas permeab111ty upon the mean flow1ng

'pressure P where the s11ppage coeff1c1ent (11) may be def1ned os.'

,F,

'where X'is the mean free-path of the flowing gas measured ét-ﬁ ris
'the mean pore : rad1us and C s the proport1ona]1ty factor wh1ch is
: }approx1mate1y un1ty (12 \ 3). Consequent]y, b 1s a character1st1c of .

-'the porous med1um and the part1cu1ar f]ow1ng gas. o

 The work of -many authors (14 15, 16 17,18) verified'and

supported K.1nkenberg S 1dea of s]1ppage as app]1ed to gas flow

' through Porous med1a ,v- : o o S .

Cons1der1ng 1sotherma] and v1scous f]ow of gas in a homogeneohs

for steady rad1a] gas f]ow 1n the v1scous reg1on

ok jsc[m('Pe) (p )]
‘iqsc ST Pst*lﬁxre[rw)7. |

T
- N S T

Py =2 , p
m( )v ) \gmuiPSZzPS

gquotion 4 does not 5nc]ude the slippage effectvbutzit takes into

}'7 ecoount_theppressure'dependenceiof'viscosityfand'oonpressibility;'v

;{porOus med1um, A]-Hussa1ny et‘al (19) proposed the follow1ng equat1on "

v

Lt



B. V1sco Inert1a1 F1u1d Flow Thr0ugh Porous Med1a ¢
. On the other hand, it was observed that<Darcy S Law could not,"-
hAadequate]y descr1be fluid: flow through porous med1a at h1gh f]ow -

rqtes. Later, Forchhe1mer proposed the fo]]owing quadrat1c equatlon f"“

~to descr1be f1u1d f]ow through porous med1a (20)+ 4

o where'a and 8 were7considered to. be constants.. Th15 equat1on showsx .

o 'that as the velocity 1ncreases, 1nert1a] res1stance losses, be1ng

AN

dependent on the k1net1c energy per un1t volume of f]u1d, J e on pq ,_:

jv'eventually become predom1nant (21) It is usefu] to note that -

' Equat1on 5 reduces to. Darcy s Law- when the 1nert1a1 effects are
: neg]ected ‘ o h ) :
| -~ Out of furbﬁsr 1nvest1gat1ons (22 23 24, 25 26) the fo]low1ng o

: fquadrat1c equat1on was developed to descr1be 11near hor1zonta1 v1sco- :

: . ) ﬂ\ ;
8 1nert1a] f]ow through P°r°“5 medna IR ‘h . . t“f;"
where
‘ _FA'= yiscous:resistance'coefficient’ ’
, 5‘53 = jnertial-reSistancegcoeftfcientd"

»ChwyT'(27) app1y1ng an approach s1m11ar to that of Hubbert
dri?S) der1ved the Forchhelmer equat1on from the fundamental Nav1er- ;""'

~.Stokes equatlon, thereby g1v1ng 1t a theoret1ca1 base He:assumed, -

T~



N R
" that FA.and Fé are'rock_propertjes and‘therefore are constants.fOr'a
’fgtven porous med1um | | |
| ‘ Greenberg and weger (29) reported that both FA and FB rema1ned

constant for pressures up to 2000 ps1a under 1sotherma1 cond1t1ons,
‘but permeabtltty var1ed 1nverse1y w1th temperature o

| Desptte the observat1ons of Al- Hussa1ny et a] (30) Mackett h
t31) conc]uded that the magn1tude of errors due to the assumption of‘
r'average f1u1d propert1es 15 not 519n1f1cant under norma1 Iaboratory
cond1t1ons “ | R L

Comb1n1ng Equat1on 6 w1th the mod1f1ed gas law and ut11121ng '

'.'aVerage gas propert1es Corne]l and Katz "(32) proposed the fo]low1ng f

"-1ntegrated equat1on to descr1be steady 11near horizontal gas f]ow

. through porous med1a :' ‘.;.fsj o ﬁ -*'.,:: ’.f" s ;‘}}

M(p3-p3)

.- : - N # '.', L
_ where %—— pq s 'the mass ve10c1ty per unit area.

Tek (33) deve]oped a genera11zed Darcy equat1on ut1liz1ng

' '
the frtctlon factor - Reyno]ds number correlatton, in the form
e T oRM (‘f ¢K) e e :'-f»(‘”‘

L] .

_'where lf is a "11tho]ogy factor" represent1ng the particular’porous

'?med1um, ¢ 13 the fracttonal poros1ty and D.. 1s the mean. partlcle :f“"

14
~ d1ameter Hence, a compar1son of Equatlons 6 and 8 suggests that



'B]ick t34) investtgated the~torchheimer.equationboth theoret-

1ca11y and exper1menta]1y for 11near flow systems Applying‘the foree-
' momentum ba1ance together W1th the mod1f1ed gas 1aw, he proposed the
fo]]ow1ng equat1on to descr1be 11near hor1zontal 1sotherma1 steady :

‘ gas f]ow through a cap111ary or1f1ce mode]

dP 20¢ Nea! [ Cyo V- o | .

~dx (u"'f'a"*‘ﬁs)“q * (—r—z’ o A*) og? . (10)
Ce o= lﬁ‘i:»fOr viscous regime only

- "Re: SR A L

. .”///// R ;gjj = ‘4;0f109io(NRé'/C¥) - 0,4;-for'turbuTentfregime' S
T e o (va]td on1y for smooth pipe{ i.e;'e/d =0) - o

"CD_ = drag coeff1c1ent of or1f1ce p]ate ,'§~
,-'ﬁ. .'% mean pore d1ameter

NRé ~é“ Re¥n01ds number ' -.ik"” :tiﬁ fTA | m}'i“f
(g‘) (ZRT‘ RES

'A'comparison of Equat1ons 6 and 10 y1e1ds |

L)

©and A% =

| ..\..\é\;}. S

)

R _f__R_e_ Lo Ay
T B TR

I S
B '7‘25‘¢5A-’,"" R

B ,
Because of the nature of A* Equat1on 12 suggests that FB 1s dependent
AR

upon the type of rock and f1u1d and the rate of f]ow per un1t area.-
Furthermore Equat1on 12 is s1m11ar to Equat1on 17 rn B]1ck 3 work but

{~\ 1t does not conta1n p,- }: L ‘.’”f L "g i
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Stewart and “Owens (35) reported that both s]1ppage and

-1nert1a] effects were present at h1gh flow rates although s]1ppage .

, -effects d1sappeared at verY‘]arge Eeyno]ds numbers

Ko]ada (36) proposed a gen ral equat1on, including v1scous,

T

;inert1a} and the s]1ppage effects s1mu1taneous1y, ‘to descr1be 11near

lt'hor1zonta] steady gas f1ow through porous medla He derived th1s

';equat1on by comb1n1ng Equat1ons 2 and 7 wh1ch can be writt#n as 5_”

N .

2pZTRL(w) k[T + —j Af

Mak1ng use of the work done by Browne]l and Katz (37), wh1ch

' _Yprov1des fr1ct1on factor - Reyno]ds number charts for porous med1a.

' 'o'systems which m&y be rewr1tten as’

S e
.4

'}~?.‘E]enbaas and Katz (38) deve]oped f]ow equations for radia] f]ow

- <png;>] - 812 x 107 62>ﬁff:2 hé Zn(r /r ) e
pt o hG

Lo

for the laminar fTow‘regime‘and "‘g . ‘71(-42 -':' L ,‘:3,

L );. - p_“
- .(pz-'_pz)' 812 X 10- __EI(_:f_w___
’ e W

T Vv\{» _. W | o D d)nlh G %

for the' turbu]ent f]ow reg1me Where ,-;",4':;_-1 l* ,.A'i#dfl

s

mass f]ow rate 1bs/sec. o

mean part\c1e d1ameter ft

‘M

por§s1ty of bed féact1on ";t_fjtjhtdrgd o
bed th1ckness ?t | o

> .
#

7:Giv_=l gas graV1ty. d1mens1onless '_"ff;j‘;p‘,i'”ﬂfftaﬁ -
"Cfv'= Fann1ng fr1ct1on factor d1mens1on1e55{lt
. S : o S o v ' //\ B ,v: -' Y?a

- (p2 o kS e .;:53 o :-_4‘ u
ﬂﬁi_f_l_ = -——l—*—— F (w ) R S )



o and."; n;. and nz are exponents denoted as'n and m respectlvely 1n}'n
their. paper | _Wf@‘ ' ‘ _‘ |
Subsequent]y, others (39 40 4L,42) attempted to'applyfthe“
1_11near form of the Forchhe1mer equat1on to rad1a1 flow systems

| Comb1n1ng the mod1f1ed gas law w1th th1s rad1a1 equ1va1ent of the ‘
_Forchhe1mer equat1on Tek et a] (43) proposed the f0110w1ng Jnte-_‘

’grated equatxon to’ descrlbe steady plane rad1a1 .gas. f]ow through t.

) .

A-porous med1a; w1th the customary f1e1d un1ts . ‘h o ,1”"‘ }j fl
_ 7 3 | e )
. T - -'-7' ]424uZTQ0 re
R 292) = e -

] 3 1602 x 10712 FBGZTQO

N T,

. ] “f;» . . ‘h: "
~-—--ta;my

| P1p1apure (44) further genera11zed this equat1on by 1nc1ud1ng

‘the s]1pbage effects wh1ch y1e1ded the non 11near ord1nary d1fferent1a1
~j,equat10n ' »"., »I \ ' L .d | - |
- dP o4 SR

. + 3
dr “- r(P+b) - r*P

~where - .
w TuZPOQ0

:;cﬁl{f‘ ZZnhj

POM)
RT

R B

ZTR) QoIQol
: ;(ZNh)?

v.w1th the current s1gn convent1on where Qo is pos1t1ve for 1nJect1on T

'l:and negat1ve for'product1on

Furthermore, P1p1apure obta1ned a 51mp11f1ed ana]yt1ca1

' ?so]ut1on to Equat1on 17 thCh can be wr1tten as (45)

A '»’



-

S\

'(Pz-Pz)i = l\_'

Vt.dﬁhé?ed;ftj"

- !

e w “hK - hT

) Examining”a Variety of experimentaT data (46,47), Flores

‘.the numerical 1ntegrat1on of Equat1on 17 and conc]uded thatgthe

within the 11m1ts of his 1nvest1gat1on

[1424;7?00- Zn(r_e) . 3:1602 x 10712 Fg6iTge|Qo]
N r o :
w

0

| 1_3__)
Ty Te

| compared ‘the. resu]ts obta1ned us1ng Equat1on 18 to those obta1ned by L

"ﬂassumpt19n 1n obta1n1ng the s1mp11f1ed Eqdatlon 18 1s not a severe one

Crafton (48) attempted to verlfy the Forchhe1mer equat1on for

; flow through porous med1a

dP; CLNRe 'Cos CT
dr - ( mrod Mg faif pnro pqlql

“"A compar1son of Equat1ons 6 and 19 y1e1ds )

CL e .; 1

O

D

o ta"d d h.é( ,p) % 'h s "matrﬁn;term“ A;‘v

. . | » E : * : . /
, o e
]am1nar energy 1oss coeff1c1ent

oo
i "

= «turbulent energy loss coeff1c1ent

n

e
1t

= a characterlstxc hydrau11c length

= | d1stance between p]ates of or1f1ce mode] S

o (20)

’the rad1a1 Flow systems “He app]1ed Btﬁck 's method (49) to the rad1a1
'_f]ow systems by us1ng a comp]ete force ba]ance on the cap1]1ary-or1f1ce

| ,mode] and proposed the fol]ow1ng equat1on for steady p]ane rad1a1 gas ﬁ'd'

| :'.(~_19)_‘_ '_ |



)

Dimensiondl inconsistenCy of Equatton é:\(dimensfon of the"matrik
"term as compared to the f1u1d body term) 1nd1cates that F. (r,p) 1s '
4‘nq§ a parameter but 1t 1s a funct1ona] re]at1onsh1p It shou]d be

- noted that FB(r o) becomes d1mens1ona11y cons1stent w1th FB when the -
: f]u1d -body term is neg]ected Crafton suggested that the fluid- body
‘term wh1ch re]ates only the occurrences w1th\n the f1u1d, i. e
,turbu]ence, should be represented by the vo]ume 1nc]ud1ng the rad1a1

~+ increment o, Hence, the fo]lowwng 1ntegrat1on may be performed

20 n¢pr)-qr T e (22)

'L‘EB(*{P)" f
| WhiCh w%i].resutt in = B .:"A;t» o = f;‘ ;f' ./‘v -’hf K
‘:fThe rad1a1 1ncrement d1stance, o, wes thopght to represent the

' cont1nu1ty correct1on (5]) ) o | "‘ | |

| Crafton (52) a!so der1ved an equatxon s1m11ar to Forchhe1mer s:
“bequat1on by us1ng the Ubero1 turbu]ent veloc1ty decay so]ut1on thCh |

".can be rewritten as

}1

dp 1“. o FC ) - . F o .(245551”
= g CEL— S
dr Tx ha + pqlq l g uq DQIq l e
and the compar1son w1th Equat1on 6 y1e]ds ‘
B F& = ‘uq( -m) Fooz W ;‘ s.”.':f ‘1;:.';'J}N-(?5§dar

B
:‘where.Fc‘iS'bn émpiricaf parameter‘Which.may be'referred'to*as'a‘
'[“turbulent res1stance coeff1c1ent", and m is the "der1ved turbu]ent

"“’1nten51ty term" L



1z

"Examihation pf'EQUationsf23_and-2$.indicate that the inerttal.
:coeffictent FBdis(nOt on1y a-rock property but'a f]uid'property as we]]:-f

| S I should be noted "however, that Crafton (53) 1n his or1g1na1
j'work used the symbo] "B" to des1gnate the quant1ty "pF "'when he app11ed
'B11Ck E method in ‘the der1vat1on and’ "FC/u" when he - app]1ed the Ubero1‘ ;
turbulent. ve]ocity decay solut1on ’ ;
| Furthermore, since- the pressure grad1ent normal]y 1ncreases as .

. : F
}the f1u1d v1sc051ty 1ncreases, exact]y oppos1te to that 1nd1cated by.

".the second term of Equat1on 24 the’ va11d1ty of Crafton s ana]ys1s

emp]oy1ng the Uberod turbuLent veloc1ty decay so]ut1on is. quest1onab1e
hHowever this inva dlty was masked swnce Crafton 1nc1uded f1u1d

v1scos1ty in. the def1n1t1on of the 1nert1a1 coeff1c1ent

LJ N

- .C. Corre]at1ons for b and FB |
] | hlt The sllppage coeff1c1ent b, for air, has been corre]ated w1th
'abso]ute permeab111ty K by Heid et al. (54) | '} L
b= 07 K’°39'j_'." ,'vj-:.,-ov""'i', L (26)
where b 1s 1n 1nternatlona] atmospheres and K is in m1111darc1es o
| Cornel] and Katz (55) proposed a sxmp]e re]at1onsh1p between ’
.the 1nert1a1 res1stance coeff1c1ent and permeab111ty as o o

":fh_ Al ct0 O
Fy o= TR (27)
"Kolada (56) assUming Fé ( ,¢) proposed the fol]ow1ng

c re]at1on by us1ng ava11ab1e data in. the 11teraTure (57 58 59 60)

F~\‘i 7. 786 %000 Lo ],r’f f (Zé) o
" ¢1s7 K112 e .

where Kis in m1111darc1es ¢ 1s a fract1on and FB 1s ihfft’if'p7

.y .
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: ,C'on}sid'er"ing the diméhsioha] 'cons_i's'tency as suggested earlier
by Sadiq' (61), Geertsma (52), in_ his recent work, suggested- the

following porre]ati’ons-. -

T )

where ¢ is a fraction, K is in ft? 'and_FB s in ft™.

&

%

. «



- ’gas f]ow through porous med1a states that w1thgn the flow range

Lo CHAPTER III
THEoRY_ .

:A. V1sco Inert1a1 F]ow Theonx

The current theory descr1b1ng the behav1or of steady radtal .

.normally.exper1enced in gas reservo1rs,;1nc1ud}ng that 1mmed1ate}y B

. psurrounding_the wei]bore ‘energy. 1osses'causéd by turbU]enCe canlbé

o Safe]y‘ignored (63)' It is current]y be11 that v1scous and.

' 1nert1a1 forces s1mu1taneous1y counteract the externa] force w1th
. . -
. the 1nert1a] forces cont1nuous1y ga1n1ng 1mportance as the ve1oc1ty :

"K.

1ncreases | | o
A more oeneral v1sco 1nert1a1 f]ow equat1on may be obta1ned to
' descr1be steady rad1a] gas f1ow through porous med1a by 1nc1ud1ng
sllppage effects together w1th the fol]ow1ng assumptlons‘ .ff '
o 1. The porous med1um is homogeneous and 1sotrop1c.“
e . ‘ ;- 1w1th respect to perme3b111ty .
| .2.AvThe system is of p]ane rad1§] geometry and -
uniform th1ckness | B | :
'if. 3Q'hFlow is. hor1Lonta1, i.e. graVItat1ona1 forces
. ,‘are neglected. - - % |
| 4. Therformation is.saturatedfwfth'a-singie»'-
F:»homogeneous fluid, 1. e. gas w1th constaﬁt W‘;}' f“’i ééll_
:compos1t1on | ‘A | h | ) . \
b The cont1nu1ty equatlon is va11d, i. e.

LI
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Metpad -3
| whtch4reduces;to_ | | . ;
,ij =\'p Qh ' for stead}-state f1ow~ . i o .  (3T)
- 6. Chahges in gas propert1es, i. e U, Z and 0, -
can be eValuated at the ar1thmet1c mean | .k_f
.“temperature and pressure. |
E};};, ' 7. _Sl1ppage effects can. be taken 1nto account
e ‘;iiby means of the equat1on - 2 )
'ka ‘;» K(T'f‘%qh I ) c hl’ o (32)‘_-4
:f8. ;The equatien of.stete for rea] gases'is |
;, given by’ f"‘.;z‘;,"' o 'h - o
;ET ; 'andy o, = :gM. _( | - :.l. h}(33)t- o
09. lForchhelmer s equat1on :: va11d, i e Darcy |
| “and NonjDarcy flows are considered, aS'follpwsi
_}_‘:QB - H_q'_+ Fngjq;' JE R ) I

v dr' K
| Comb]n1ng Equat1ons 31 through 34 under the stated assumpt1ons,
‘P1p]apure (64) deve]oped the fo]]ow1ng non- 11near d1fferent1a] equat1on ‘

'wh1ch has as yet no - known ana1yt1ca1 so]ut1on ;%: b

(1*3)-‘”,,'" o, | A



now be deve]oped

) N \\\' N - .
o v

Genera] steady plane rad1a1 v1sco 1nert1a] f]ow mode]s can

et

1. Differential Model .

- Equation 35 can be rewritten;,with.the~cUstomary field uhits,

" to yield what may be celled the ”differentjél model“,fTow equation

P b, - FQ) o
dr. K(P+b)r' Pr? - , R
© where’ | , |
AT AT N
- 1.5801 x 1072 GTZQ,[Q | o -
D = —— : . *
2 ¢ h2 a : ‘

. This. represents the r1gorous mode] for steady rad1a} gas f]ow through

}porous med1a with' parameters K, b and FB

2. ihtegrated Mode1.I

 Eqdatfoh"35 may éisp be written as-

'dp.'-f C;ri+ C‘fl.é b
R R

§
-
- )
i

(37) .

| | o )
If ‘the term (9) is suff1c1ent1y sma]], 1 e. Cz >> Cz ), the term

' Cz(%) in the numerator may be neg]ected wh1ch reduces Equatlon 31 to

¥

dP Cir + Cs ¥ SR
- = ____.B___; : (‘38‘) o
: (] + }r ‘ . S

° R

Y x

- ". t,‘
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This eqUation is now separab1e'and integratioh yields

oy DaeantTe, g, e
2 p? 2L - . _
A_(Pe Pw)_ = ["’TﬁZ‘““ in e viscous term
1 “ X
+ 3 ]602 x 107 2 FBGTZQ lQ l _--]"}‘ inertial- -
o * K2 : : term
h _vrw~re_ T
e (PP Cslippage-term - (39)

. This represents a simplified model with‘parametersfktdb,-and FBg

I

(65,66).

.B.' Turbulent Flow Theory
J%

In h1s work Crafton (67) assumes that the structure of

A}

'turbulence is 10ca11y 1sotrop1c and 1nhomogeneous and may be descr1bed

by the Ubero1 turbu]ent ve]oc1ty decay so]ut1on (68)5

'Equat1on 24 to descr1be turbulent f]ow through porous media.

) .
He proposed

!
Slnce

+ the dertvat1on of this equat1on was not c]ear an attempt was made

:to redrlve 1t

Th1s der1vat1on is presented 1n Append1x A.

S1nce ,

its va]1d1ty is quest10nab1e, further usage of Equat1ons 24 and/or

-"A 11 was av01ded
-: The customary f1e1d un1ts 1n

- def1ned as fo]]ows P

Q =
ome o= ocp Lo Il"e,l‘w

MSCE/D - h

thesejmathematical'mode]s are

ft.

psia -
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1FBﬁ'= ft~! mo = dimensibn]ess
o bs)ay)™ L e = 1.0
FC = (ft)m .G gas gravtty? with Gair | I,Q
T = 520°R P = 14.697 psia

.C.“ Concept of Rock Conf1nement Pressure
‘f pThedexper1menta11y measured va]ues of 1nterre1ated rock

_ propert1es, i.e. rock compress1b111ty, poros1ty, permeab1]1ty, hence
' the s]Ippage and inertial coeff1c1ents, are dependent upon the rock

:conf1nement pressure used . |

By def1n1t10n the. conf1nement pressure in the crust of the

earth is the 11thostat1c pressure on the reservo1r rock’ resu1t1ng from |
the load of over1y1ng rocks In an exper1menta1 work the conf1nement S
’pressure 1s a. hydrostatlc pressure on the rock samp]e genera]]y |
| produced by ]1qu1ds, Conf1nement pressure. means equa], al]s1ded

'
o
i

pressure

;1; Net Conf1nement Pressure
¥ -
In an experxmental work the same stress state of rock can o
: -.be mannta1ned prov1ded that the app]wed hydrostat1c conf1nement |
:-pressure stays constant Furthermore a net hydrostat1c conf1nement
' pressure on the rock samp]e can be ma1nta1ned constant prOV1ded the
mean f1ow1ng f]u]d pressure does not change However, 1t 1s very

'hard, 1f not 1mposs1b1e to ma1nta1n a constant mean f10w1ng pressure .
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and dbtainlthe-pertinent data at'the same time. TherefOre,;one may
_ define a net confinement pressure which remains constant, even if

.the-mean fiowing f]uid'preSSure'changes, as follows: .

e

e TP R
B @ F » v
where .~
| P * net'rqck;confinement phessure,-psﬁg o
Phé = hydrdstatictrqch'confining pressdre;'nSig-
'L P = mean'f]owing'fTufd'pressure'inethe rock samp]e,'_

It_should be noted that:EQuation 40vas used’by7Pipiapnre (74),
assumes that the rock samp]e comp]etely f111$ the part1cu1ar f]ow ‘Hif

cell used in the exper1menta1 work.

-,72. Pn;gosed Net Conf1nement Pressure

. Determ1nat1on of net conf1nement pressure, i.e. hydrostat1c
'pressure ‘on the rock samp]e used in’ an exper1menta1 work requ1res a -
comp]ete force ba]ance on the sample holder A cross sect1on of the
va,sample ho]der and the free body diagram of the forces on the hydrau11c 'h“e

5hp1ston is shown in F1gure 1 | _v'”' 'jet‘. . iii.‘} il'-”:j
| A force ba]ance, 1n the d1rect1on pernend1cu1ar to that of

o

' f]uld f1ow, can be wr1tten as
o - , ’
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-~ where ..

: 2 2D fep2 2y b‘ | 2y -',_-é‘ 2y -
srPhc(nrp) : .Pe(ﬂrp nre) + PW(HFW),V+. oss(nre nrw)

- where rp is the rad1us of the hydrau]1c p1ston This'equatiOn‘can‘be

2

S P _ S : P
e Ry (A

so]ved for the structura] support pressure, o.' (75) whlch 1s the o

net conf1nement pressure on. the rock samp]e as fo]]ows

o
SN

’ . . T 1 Y‘E-Y‘ BT T, :
‘nc . {p22p2)  he N r2.p2] € r2op2f W

e w e 'w'. . ellw

2.2
(re rw)

S jr'”' : S R o

rw S
Lk

N st1ng Brant's 1dea (76) whtch 1s also supported by Fatt (77) that :

'fthe externa] pressure, 1 e the hydrau11c pressure on the rock samp]e

"Equat1on 42 can be redUced to

nc r2 -r2

L ponly 85% of the 1nterna1 f]u1d pressure 1n the pores reacts aga1nst |

b3

DR ‘1h”_il'ef7;'/zs.‘-ff‘iﬁi “f”:; 'f;;
A( )} B L R

’ ',Assuming'thatiDercyfs.Lew‘maylbe_used_to‘oescribe“thepfﬂuidsp"
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©pressure distyibution, ‘then the pressure at any radius r can be

written as
opP= p2 o+ S zn'(—,—) R - (45)
e Tirel , o EEES

‘pr | _ B R S S ‘

l'—‘w'

Consequently, Equat1on 50 can. be rewr1tten as’

L B

" The 1ntegra1 term can not be eva]uated analyt1ca11y but 1t can be

} .
o 1nt€9rated numer1ca11y by emp]oyxng the Trapezo1da1 ru]e




CHAPTER IV

. PARAMETER_ESTIMATION.TECHNfQUES o
o R I
‘In th1s work the 1ntegrated mode] of the v1sco 1nert1a1 f]ow

o theory is used for parameter est1mat1on 50 that ‘both numer1ca1 and .
'-.graph1ca1 est1mat1on techn1ques can’ be,presented.,:Equat1on 39,

. iatad T TR : k
~considering production only, can be rewritten as

PPy T Tk - PR
a0 RgeT2 1 1)
S F SR L e

: , : _h:. . ; rW,f"r'e' . o |

_with parameters 'K, and Fbltpibe'estimated.g.w

A 'Numerica1"Para eter'Estimation Technique'x'The Gauss-NewtOn7Methodn:

.

Parameters for he. 1ntegrated mode1 Equat1on 54 can be
| est1mated by us1ng quas111near1zat1on (78 79) or by app1y1ng the |
'Marquart a1gor1thm for non 11near 1east squares parameter est1mat1on (80);.
| The Gauss Newton method is used 1n th1s work to est1mate.the ‘,f |
}unknown parameters K b and FB The Marquart a1gor1thm is an extens1on
hof the Gauss Newton method to assure convergence w1th relat1veTy poor
'sstart1ng guesses for the unknown parameters, by vntroduc1ng a: factor A
aIt can. be shown that when A 1s equal to zero,,the Marquart algor1thm |
~”reduces to the Gauss Newton method (81, 82) '} }'}
| Inxtial guesses for the uﬂknown parameters can be est1mated
'.~ja1n the fol]ow1ng manner ES |



l]. _RermeabiTity, K;‘can bé apprOxﬁmated.from a'single' |
’ ,point'f1ow test uti]tzing the Towest f]ow rate
p;.observat1on p | . | - | |
th.”'Know1ng the value -of K, one can est1mate the sl1ppage
o coeff1c1ent b by means of Equat1on 26 which can be

rewr1tten as S - ,,*-f\\f

b= 1. 42 K"’” B "(. S o)

'”'where K 1s in m11]1darc1es and b is in ps1a
- 3. pwhen K and pOFOS]ty, ¢, are’ known the 1nert1al
j'res1stance coeff1c1ent FB, can be approx1mated -
by using Equat1on 28 '

The Gauss Newton method converges to parameters faster than

L the- quas111near1zat10n method It a]so'ﬂonverges faster ‘than the '.;‘

.'i Marquart a]gor1thm prov1ded that good 1n1t1a1 est1mates for the |
funknown parameters can be obtalned ‘ " | o
At th1s po1nt 1t 1s approprlate to state that any numer1ca1
.fpetechn1que, i.e. the Gauss Newton method furn1shes the est1mates for 'h
'sethe unknown parameters us1ng the data, 1rrespect1ve of the1r qua11ty

'l Hence care must be taken in: 1ts usage

App]1cat1on of the GaUSs Newton method to Equat1on 48 together'h ;

,W1th the appropr1ate computer programs, 1s presented 1n Part I of {,q

’:i:Append1x B. . ,.'.f";';f -7‘25vh‘_,H' f,:;"'”i:7:» "y”ffﬁ-;‘t"h’f .

8

B Graph1ca1 Parameter E%t}mat1on Techn1ques

It 1s 1mportant to app]y some k1nd of graph1ca1 techn1que 1n ‘ph'

parameter est1mat1on in order to ,lh
. . \ A

1. Check for anoma]ous exper1menta1 data, and

s

",) .
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.2:..Prov1de a so]ut1on when one does not ‘have access
“toa. d1g1ta1 computer as requtred by any numer1ca1
techntque _ | ‘
App]1cat10n of graph1ca1 techn1ques requ1res a proper de11n-
._ eatlon of the viscous and the 1nert1a] f1ow regtons Hence the o

'v.accuracy of the est1mated parameters depends upon the qua]1ty of the

data sp]]tttng techntque used

B4

LA Graph1ca1 Est1mat1on Techn1que dh

Thls techn1que requ1res two p]ots to est1mate the unknown

. .

L parameters K b and F wh1ch can be presented in the fo]]ow1ng fash1on

/

(a) The'K]inkenberg P]ot | "J R BT
Assum1ng the f]ow is v1scous, i.e. FB 0 Equatton 48 can-be -
:rearranged to yle]d | |

1424uZTZn(re/rw) ," SRl

¢ - L T
ca 2_p2 A 2_p2 e DARE
¢ _h(Pe"Pw) i (P P)_ R
' where,‘:' o _
© o 1428Tn(re/ry)

and.K 1s a]so gtven by Equat1on 2 A p]ot of K versus (]/P) known',g
"';as the "K]1nkenberg plot“ y1e1ds -a stra1ght 11ne from,wh1ch K and” b

‘may. be determlned

It Sho“]d be "OtEd that the K11nkenberg plot w1]1 furn1sh goodf_:"”f

estlmates of K and b provwded the data used are in the v1scous reg1on

A
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(b) The Mod1f1ed Visco- Inertla] P]ot

Rearrangement of Equat1on 48 y1e1ds

cp P2 + 2b(P, P) (_:Af'

=, &+ Cgfg =2 (81
nItQ, “x o BBy ST
nhere |
o . 3.1602 x 107*? 1_;1_.)
‘B . o p? g
T ,hf "rW_ .“e

Hence‘ a p]ot of the 1eft hand s1de of Equat1on 51 versus (Q /u) w111 B
n'Furnhsh a stra1ght 11ne from wh1ch the . va]ues of K and Fp may be .
ddeterm1ned prov1ded that thevsl1ppage coeff1c1ent. b,-1s aTready-known
xand the data used are in the reg1on where the 1nert1a1 effects are

-.also s1gn1f1cant, i.e: the v1sco 1nert1a1 reg1on Th1s p]ot is

- fcommon]y referred to as the mod1f1ed v1sco:1nert1a1~pTotf.

P

2 | A Proposed Sem1 Graph1ca1 Parameter Est1mat1on‘Techn1que '
i 1: fundamenta] prob]ems in th1s techn1que and these;[‘
;fhe fo]]ow1ng manner N h B . |
;st problem is to determlne the extent of the
meental data 1n hand, i. e po1nts 1n v1scous and/

5ﬁ 1nert1a] reg1on(s) Th1s ‘may- be accomp]1shed by
Eg all the data p01nts 1n the constructlon of the ;'
Ji:‘?nkenberg plot, as g1ven hy Equat1on 2 The stra1ght o
E;sne and- concave downward curved port1ons of wh1ch -
,fv:;represent the v1scous and the 1nert1a] reg1ons;;

‘*respect1ve1y Thus the K]1nkenberg p]ot w111 1nd1cate

. .
. any-anoma1ous‘data,pojnts, and,w1]1_1nd1cate,qoalltat1ve1y,,,“
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the type( ) offflow region(s) present

2. The second prob]em is to de]1neate the v1scous and

" Method 1.

rof corre]at1on which maycﬁe wr1tten as,

,'between -1 to +1, 1nd1cat1ng the perfect 1nverse and perfecti

’dlrect relat1onsh1p respect1ve]y, w1th n number of data :

[
f,'1nert1a1 f]ow data wh1ch, in turn are. to be used

'ito obta1n the s1mu1taneous linear 1east squares '
| estxmates for K and b and K and FB us1ng
Eguat1qns 2 and 5]? respect1ve]y; waever, the ~
| approprtate Va1ué§.f0r‘k‘;'b' K and‘FB mustabe .
E determlned us1ng the fo]]ow1ng proposed data. o

d1scr1m1nat1on methods

F1nd the best f1t for the K11nkenberg p]ot g1ven by

tquat1ons 2 and 50, i.e, determ1ne the maximum. coeff1c1ent '

;here R<. is fhe coeff1c1ent of correlat1on and can range

)

po1nts assumed to be in the v1scous reg1on

Method 2 : Sp]1t the tota] number of data points such that the ‘=‘(

d1fference between the est1mated permeab111ty va]ues, KV‘

_.andeKiJ 1S a m1n1mum.:-The‘relat1ye_error between the

“estimated pérmeabi1ityfVa1ues,5e{,'is\giVendbya
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o 5 <Kv) B R

where 1 and N are ;the number of data po1nts 1n V1scous

and: 1nert1a1 reg1ons, respect1ve1y "";__" L N_7

Method 3 Estlmate the Reyno]ds number NR , wh1ch is a measure

_ Re v1scous and s]1ppage effects v o

Nre B ‘ Dy
©REL ‘CAHZTQO/KV - 2b{Pg-P\,)

'ﬂneglected

-

of the rat1o of inertial effects to v1scous effects as

-def1ned by Hubbert (83) At th1s p01nt 1t is appropr1ate

to redef1ne the Reyno]ds number 1nc]ud1ng s]1ppage effects,

b o 7

‘alS,. e " PR . : C P
'N - =¢ . inertial effects i o *Mi(54)u5

wh1ch from Equat1on 49 can be wr1tten as.

g "BBQ°'~ )

At Reyno]ds numbers.]ess'thanf0501 the f]ow 1s common]y

cons1dered to be v1scous and 1nert1a1 effects can be

R

o Consequent]y, the proposed sem1 graphlcal parameter est1mat1on

- techn1que requ1res a. K]]nkenberg p]ot and a swmu]taneous 11near 1east !

squares f1t to both Equatwons 2 and 51 in order to sp]1t the tota]

,_-f‘oA‘

experlmenta] data and est1mate the unknown parameters K, b and FB

The FORTRAN computer programs necessary to perform th1s task

,\‘A

are presented in Part. II of Appendlx B

™~

L7

PR



EXPERIMENTATION

VA,‘ E;perihental Apparatus
"The exper1menta1 apparatus used was. essent1a]]y the same -as
'.that emp]oyed by P1p]apure (84) It cons1sts of a poros1meter -a flow i
test apparatus and a samp]e holder, i.e. f]ow ce]], -as shown in ngures!i'

2 3 and 4 respect1ve1y

.B;' gﬁperihenta] Procedures‘

' e
a Preparat1on of Rock Sa_p]es ‘ ‘ f,a

F1ve rock samp]es, each of about 12" d1ameter and 1" th1ckne$s,_

“were used in th]S study Three of these were ‘the same type of Ind1ana

B]a1rmore Sandstone samp]es wh1ch were cut in. the Department of M1nera1;

\\fﬁggggi:lzgjhach1ne Shop w1th a Spec1a11y des1gned saw g u'.3” »

A

Un1ax1a1 compre551on tests were necessary 1n order to determ1ne‘

‘the max1mum conf1nement pressure that cou]d be app11ed to the rock

' samp]e to assure aysafe test w1thout breaklng the samp]'; ]
: ach}eved by test1ng six cy11ndr1ca1 core samp]es, hav1ng engths;ag ”}‘
~_51east tw1ce their. d1ameters, in the Rock Mechan1cs Laboratory of the

; M1nera] Eng1neer1ng Department (86) f - h’,-v’ f_i ',*'

v
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2 0perat1ona1 Procedure for Rad1a1 Gas Flow Apparatus _

Us1ng the rad1a1 gas f]ow apparatus in: con3unct1on with the

poros1meter the exper1menta] data Were obta1ned in the fo]]ow1ng

manner.

"por051meter as shown in. F1gure 2y wh1ch was
3prev1ous]y ca11brated w1th so]1d a]um1n1um b]anks

- of known d1men$10ns

In order to determ1ne the effect1ve poros1ty, the

bu]k vo]ume of each of the samp1es was evaluated

: by measur1ng the thlckness and the inner and

.“outer d1ameters. ‘The effect1ve gra1n vo]ume of each

- samp]e was"determ1ned us1ng the gas-expan51on |

. Dev1ces such as the pressure gauges wet test

. vmeter tlmer, and potent1ometer were appropr1ate1y
-:ca11brated and connected to the apparatus assemb]y,
- :as shown 1n F1gure 3, pr1or to the flow tests.

A]] the f1tt1ngs and connectlons were pressure
”tested to ensure a 1eak proof assemb]y |

). - The rock samp]e was mounted 1ns1de the f1ow cel]

'and subJected to the des1red conf1nement pressure

A

| Jmeasured by pressure gauge PG“ | ,

. Gas from. the: supp]y cy11nder was a]lowed to f1ow
;rthrough the appropr1ate pressure regu]ator, PR
f:at the des1red upstream pressure A_

.}téas was a]]owed to flow for a suff1c1ent t1me to |

'Vensure stab111zed cond1t1ons Th1s was checked by

~;"SlAIC(.Zf.ESS’IVE f]OW rate measurements
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7. .A soap f11m burette and a wet -test méter, both
__Vconnected to the gas out]et were used to measure ed, o

Tow ‘and h1gh flow rates respectrﬂb]y ’
8f In]et_and.outlet-pressures were measured w1thfthe |
| 'approprtatéfpressure’gaugej(PGI, PG, or PGa),.or e
'; withka mercury manometer (Mml or‘MMg)‘provided'.r :

'that on]y one dev1ce at a t1me ‘was used for e1ther ;'f
'hv1n1et ar out]et pressure measurement water
'fy-manometer WM was used for very low out]et

Tipressure measurements ."f 57' “f .

“9.‘A1n1et and out]et temperatures were measured w1th

Copper Constantan Thermocoup]es TC and TC X

mj<respect1ve1y : | |
10. 'Barometr1c pressure was also recorded dur1ng

o every exper1menta1 run at. appropr1ate t1me

. 1ntervals

: 3 F]ow Test Methods n

Genera]]y, the flow tests were conducted under a constant net

¥

O

- conf1nement pressure 1n order to obta1n 3e11ab1e measurements For a .

' Iconstant va1ue of the net c0nf1nement pr ssure, the hydrostat1c

N

'_ conf1nement pressure Ph s as may be seen from Equat1on 43, 1s no v

. 1onger constant but depends on the va]ues of upstream and downstream

: : pressures used in the part1cu1ar f]ow test Hence,}there exists a

"--:fd1str1but1on of hydrostat1c conf1nement pressure for every predef1ned

‘ »net conflnement pressure dependtng upon the way 1n wh1ch the flow test
RS e L R RS ,
-f1s conducted |



In th1s 1nvest1gat1on two f]ow test methods were used to :
»conduct exper1menta] runs and may be referred toas
TCasel o
| -'Tests were conducted under a predeterm1ned net _5.
_d:rock conf1nement pressure by vary1ng the upstream
pressure at a re]at1ve1y constant downstream s
) pressure dur1ng-each_run. | o
2. Ccase 11 '. DR
:ej'Tests were conducted under a predeterm1ned net i
hrock conf1nement pressure at a constant upstream
"‘pressure by vary1ng the downstream pressure
’edur1ng each run |

The requ1red hydrostat1c rock conf1nement pressure for these .

'test methods may . be ca]cu]ated us1ng Equatlon 43 1n the form

*he p2 2
R Te Tw i

S r -r ‘:‘ﬁh; r‘_.‘.u ;t‘ . i"”;d‘d‘_ o

2
e W f-p”»

e b' ";" [h. ';"(Fﬁ-ré*
‘ne. :

Y A &
P+ zw_z).P .
e: v;f’re;r W

_ where A( ) is g1ven by Equat1on 47 FurthérmOrep“Equafionﬁ40,mathenf:.h E
"‘rewr1tten, in terms of Ph , as- ‘ S BN

P T P ‘2,(9;_??,) ool

'VThese-equations were used to obta1n the appropr1ate type curvest:*'

(
V.o

‘ut111zed in th1s study - ‘ijﬂl' fpm B iflj*fd T e~»-7 _;

\_‘



. CHAPTER VI
"7‘tiTREATMENT 0F~DATA f;. -

K Observed pressure, temperature and f]ow rate readwngs were
.'_ Jcorrected and reduced to standard cond1t1ons by app1y1ng the appropr1ate;

\ :“L'ca11brat1on and conVers1on factors Volumetr1c flow rates were

ﬂconverted to the reference cond1t1ons of ] 1nternat1ona1 atmosphere,'"'i"
e 14. 697 p31a and‘519 7°R : -'>1ff. ‘f;,; ,ifg;4;<;g~;s-; S

e

.‘A° Eva]uataon of Fluid Propert1es ; ‘7f§5is;fifacpf‘f]fj‘ffffi"
In determ1n1ng f]uid prbpert1es the vaIues of compresS1b111ty :
. and v1scos1ty were evaluated at the ar1thmet1c mean temperature and

f1 Gas Compress1b111ty Factor "; :5 . tffv B ﬁ;t:f: }t;i_;.a‘ﬁr‘
| Compress1b111ty factors for nltrogen and argon were eva]uated
.-:Mby a f1ve po1nt Lagnanglan 1nterpo]at1on of the curve fttted data of

"‘.H1lsenrath et a] (87) at temperatures of 504 522 540 558 and - ff

i

| ' Compre551b111ty factors for methane were determlned by us1ng
fA.;,the Beatt1e Br1dgeman equatwon of state The Beatt1e Br1dgeman equatxon

‘ ". : . .,_; -. e .: ;‘.,'.,’

':'may be wrwtten as

- I

_,f54?51-
ot

t'where P 1s the. ar1thmet1c mean pressure, V is. the mo]a] volume T 1s '

"the ar1thmet1c mean temperature B, Y and 6 are temperature-dependent \'f

Sl
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o character1st1cs of the gas, and R is the un1versa1 gas constant in

compat1b1e un1ts The parameters are def1ned by the re]at1onsh1ps o

e O
RO e e
where Ad o’ ‘a, b and c are tabu]ated constants determ1ned emp1r1--7 e

ca]]y from exper1menta1 data and wh1ch are d1fferent for each gas
For methane the va]ues of 2. 2769 0 05587 0 01855 -0 01587 and

12 8300 were used f0r A d, a,vb and ¢y respect1ve1y (88)

i Gﬁ/at1on 58 1s exp11cit'in’pressure P but 1mp]1c1t in temper-.ufﬂ
| ature T'and volume V Hence, some 1terat1ve root f1nd1ng procedure is '1.'
| requ1red to f1nd the vo]ume whlch corresponds to glven values of- P and d
-,,° T Therefore Newton S method was used to so]ve Equat1on 58 for mola]
o vo]ume wh1ch, 1n turn, was used to ca1Cu1ate the compress1b1]1ty factor
uswng 1.1]*~ :.f‘ : e L ;: 1,‘tff;"f d-7-h";_'f'?;;'71 .f
where P 1s 1n.atm05pheres T 1s in °R V 1s 1n 11ters/gm mole and R 1s.~;’r

0 08205 (cc atm)/(gmrmo1e ) o

S ’2 Gas V1sc031ty '”;1 h Tc;j"~¥f‘“*:a .

V1scos1t1es for both n1trogen and argon were obta1ned using

the re1at1onsh1ps suggested by Kest1n and Wang (89) as f..;}.j IR

-

i ! i = 1 778 X 10 “[1 + 8 958 x 10 “(P }) + 6f120 x ‘0’7(P ‘)2

5 + 3 997 % 10 ( ) ] + 4 55 X' 10”(T 25)



w2 262 x 10'“ [1 + 8 945 x 10' (P 1) + 4 930 x 10 6(P -1)?

oA

S+, 200 x 10 ( 1)33/D+ 6,37 x 10"(T 25) g (64)]}

”:respectwvely, where u is in po1se P is 1n 1nternat1ona1 atmospheres -
| ’rand 1 1s in °C§ o | |
The v1scos1ty of meth e, at an ar1thmet1c mean temperature and :;u

A

. pressure, was obta1ned us1ng the corre]at1on of‘Coremans and Beenakker B

- (90) wh1ch 1s‘wr1tten as_.

o ) . 8 B A

o+ ssp* + 0. 96p*2 + 0, sm*a) T ess ] (65)

’:_l
on
1

. where

0 - 0-002669MT 002659“ﬁ—- » low=~ pressure vwscos1ty at the same =

B *29 temperature, cps

.“M'ﬁiﬁ#s molecu]ar we1ght of the gas "(223 iaj.1vfh"'5;ﬁi'h'
”pq“,?%;ihard sphere d1ameter, angstroms I

| ‘°71,gb 697 14083 mT ”

~ pbys dlmens1on1ess ’,;‘:Vj._ T;_,‘,ﬂ S SO

'i*hard Sphere vo]ume cm3/gm-mo1es B |

;“.Tfla = ikT/e y where e /k 1s the Lennard Jones potent1a1 parameter
5{grkiizf?f Boltzman constant ‘ﬂ flaﬁi”:[;;f;ilj~' :m _j7.,’; v;'jQ .
: .;é«:;p=flmaximum energy of mo]ecuﬁar attract1on, ergs - |
:“and'“fiﬁpy is the ar1thmet1c mean dens1ty, 1n gm-moles/cm , wh1ch may
';1be eva]uated by _';if.“fj.u;:-;ﬁ e o S

IR '.;3' B LRI SN N DI T VT
PLUUIRE e ~(.'4_,) e



‘ o _.' i . A o
The values’of constantsfo*, e/ Ks andvbd usedjwere 148.6, 3.758 and .
}66 98 respect1ve1y |

Subrout1ne FLUID was wr1tten to calcu]ate these f1u1d o

‘ﬁvpropert1es and-]s presented_1n‘Part I of Appendjx B.

N

va; Eva]uat1on of Results L

Us1ng the est1mated va]ues of F for the runs. w1th d1fferent
5'gases and under the same’ net conf1nement pressure, the posswb111ty .

: *of F be1ng a property of f1u1d as wel] as the rock was exam1ned

B
o The effect of var1at1ons 1n ‘rock stress on abso]ute perme- {¢f

fab111ty K has been stud1ed by Fatt (91) {Consequently, it is known
4~ 3

that as rock stress, 1, e conf1nement pressure, 1ncreases abso]ute
permeab111ty decreases and thls effect is more severe 1n 1ow perme-"

n{ab111ty rocks than 1n hfgh permeab111ty rocks Th1s partlcular effect'

. -

-5can be 111ustrated by def1n1ng a d1mens1on1ess factor
R c “ ,

“K_at any rock confinement pressure - ‘(67)
.1K ’ K at the ]owest poss1b]e rock conf1nement pressure y

and p]ottlng th1s factor versus the: net rock conf1nement pressure ',f;ff
P0F051ty 1s a1so affected by an 1ncrease in rock stress (92),'J,

_decreas1ng as. rock stress 1ncreases | | ..t RN

“ | UST"Q the Values of b and FB for dtfferent runs conducted 5f'“h'

ﬁunder severa] et rock conf1nement pressures, the effect of var1ationsrf |

~:.1n rock stress on these parameters was also examined

-

*f-j! a



CHAPTER VII

s AND DISCUSSION”

' *COnfinemean
;integra]”tePﬁ

56, was evalud

‘and |

;iwere used,to-determine the hydroStétie
A%nd f]ow test method In this regard the

,f means of the TPaPEZOTda1 ru]e w1th

"= o 25"'

'{#'6'50“

A,u" ’ . ,

, constant downstream pressure P

: For th1s case, the a1gebra1c express1on for the :vj.[f

_’fam1ly of type curves appropr1ate for ca]cu]at1ng

ufrjbutiohsefor erery»predefihedﬁnetfroek '

| ‘{s g1ven by Equat1on 47 and emp]oyed 1n Equat1on ' :

B

| hydrostat1c rock conf1nement pressure d1str1but1ons Sl

'".'was found to be

Lp'

he (0 86 P o+ 0 82 P ) 10, 0 < P < 300

“A compar1son of hydrostat1c pressure d1str1but1ons, :
N gfor P 600 ps1g, as calculated by th1s equat1on

.~s“and Equat1on 57 1s shown 1n F1gure 5.

(68)
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o L .

2, Case II: ‘varying dewnstrean pressure\Pb; and -

 constant upstream préssurevPé'
For this case' the fami]y.of type curves éxpressing‘

o

':the hydrostat1c rock conf1nement pressure distr1— '57;/
but1ons ma) be approx1mated by the express1on _
Prc * }(0.86 Pnc f_eso) + 5, P =300 ps1g» %

S ‘ 0 < P < 300 (69)

,A compar1son of . hydrostat1c pressure d1str1but10ns, _ t
e n
7'by Equat1ons 56 and 57 is presented 1n Figure 6.

‘}fbr 600 p51g and P = 300 ps1g, as ca]cu]ated

-However, the approx1mate so1ut1on for th1s case,
Equat1on 69 g1ves a constant hydrostat1c rock
conflnement pressure 1nstead of pressure d1str1but1on, ‘

*i.é; Ph = 766 5 psig.

Compar1son of Equat1ons 57 and 68 both y1e1d the same hydro—'

stat1c confinement pressure when ) ._{-’

:and for the spec1f1c case,. presented in F1gure 5, P‘r 275 ps1g

.For P

| _of Equat1on 57 than the app11cat1on of Equation 68 and whenﬁlg is

]ess thaan the rock is’ compreSsed more by the app]1cat1on .

;8

greater than P' the Oppos1te is true ,,‘~"7 'n fi; a;f. '

':ﬂhydrostat1c conf1nement pressure when _;: 'f.," ; 'fv" fhét;i' .

' 51m1]ar]y a compar1son of Equat1on 57 and 69 y1e1ds the same-

{

. -
P N
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) and for the.specitic ease,-i e' P 600 psig,. P‘ =32 + 1b._ However,
thlS va]ue is about 15 ps1g, as: shown in F1gure é when Equat1ons 56
'(1nstead of 69) and 57 are compared. : |
Thus, for essent1a11y all va]ues of P > the rock is compressedr
~ more by the app11cat1on of Equatton 57 instead of Equat1ons 56 and/or |
".68 69. - | | .
_' Consequently, these f1nd1ngs suggest that the rad1a1 gas f]ow _'
| ',‘data obta1ned by P1p1apure (93) were taken under a state of h)gher
compress1on of the rock samp]es since Equat1on 57 was used and ‘the B
- values of upstream pressures were less than P def1ned by Equat1on 70
N Therefore to demonstrate the effect of th1s, two d1fferent runs were
;.oonducted on samp]e LS-2 at a net rock conf1nement pressure of 400 ps1g_,e

by emp]oy1ng Equatlons 56 and 57 The_results of the.estJmated

‘parameters. for these runs.aressummarized in-Table 1 below. &

TABLE 1
SUMMARY OF RESULTS FOR RUNS 1 AND 2 0N SAMPLE LS 2

S | ; Estimated Parameters\
- Equation P (p51g) Run:No:, K(mds) b(psia) FB XM]O?r

_used nC Gas - - ‘ _
s 400-1, N, o;7767';_5;349 - '16.4o'3f
56 - .'j400;2;.N;_75:A"; 0.9081 - '8.39% 'ws 2.55
.Relatiye'changefv% - o 14.47 ws24.33.pi -543.14

N

L



'A1ternative1y, this‘effect can*heidemonstrated graphtca11yybyj o
a K11nkenberg p]ot as’ presented in Figure 7, The rest of.the runs in.
o

this study were conducted by emp1oy1ng the type curves generated from

, Equat1on 56 on]y L

i&B. Parameter Est1mat10n

F1ve rock samp]es were stud1ed 1n th1s work . The phys1ca1
propert1es of these rock samp]es are summarlzed in Tab1e 2 A tota]
of 26 exper1menta1 runs - were conducted on these rock samp]es and the». 1

raw data are: presented 1n Tab]es C 1 through C 26 of Append1x C.

o The processed data, ut111zed in est1mat1on of the parameters, and

the resu]ts of » est1mat1on are presented in Tab]es D- 1 through D 86 -

of Append1x D.

1. Cho1ce of Parameter Est1mat1on Techn1que

App1y1ng the suggested data d1scr1m1nat1on methods, the data ,-l'
'vpo1nts in v1scous and 1n 1nert1a1 reg1ons,‘NV and NI for three f ’

| dlfferent runs were obta1ned and are presented in. Tab]e 3

These resu]ts 1nd1cate that the data d1scr1m1nat1on method;

. y1e1d dlfferent resu]ts for a]] three runs Therefore--one can not
expect re11ab1e est1mates for 'the parameters K, b and FB from any

| graph1ca1 techn1que wh1ch has to emp]oy one of these data dxscr1m1-’

, i nat1on techn1ques Consequently, the accuracy of est1mated parameters
'from the graph1ca1 or: sem1graph1ca] techn1ques depend upon the data

'.sp11tt1ng method one prefer; to use.
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TABLE 3
RESULTS OF DATA DISCRIMINATION METHODS

-1'Samp]e'No 'y (ps1g§’Run No . O

‘usscf?ﬁgﬁAtjon’ [5-T, 7000-3 53 K, 800-1  ~ SS-2-A, 5004
Method NV NI~ . NV ~ NI '~ NV NI
ethod 1 S - T 116V“f»!T1‘ 9 _f»hs{'»f
Method 2 w0 20 7 2 9.
Method 3019 W T '<ifitff

Table Mumber D17 DM - opge v

:, <j‘ Theoret1ca11y,‘est1mat1on of the v1sco 1nert1a1 f]ow parameterst.
K b, and FB requ1res a method wh1ch 15 capab]e of perform1ng a n,eg
- stmultaneous three d1mens1ona] search us1ng Equat1on 48 w1th a]].of
athe data po1nts However, the graph1ca] techn1ques are restr1cted .
f'to two d1mens1ona1 analysts where one of the parameters is: e1ther
known ca]cu]ated 1ndependent1y, assumed or evaluated by data sp]1tt1ng “
o :and s1mu1taneous p]otting S1nce the data d1scr1m1nat1on methods
| dappear to. be 1nadequate the usage of graph1ca] methods shou]d be
avo1ded whenever poss1b1e | . _ L .~ ) 'S: |
| Consequent]y, 1t was dec1ded to esttmate the unknown parameters, t
for the part1cu1ar data set, 1n the fo]]ow1ng fash}on }‘_ s o
| ';ft.:;Ftrst coﬁstruct the K]tnkenberg plot so that w11d -
- data- p01nts can be checked ek -
hr»2.S-Second obta1n the non 11near least squares

";‘esttmates for parameters K b and FB by app]ytng

- the Gauss Newton Method-to Equatlon 48
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2{} Sens1t1v1ty Ana]ys1s e :ifud ., 1 e ;» :

‘ | The unknown v1sco 1nert1a1 f]ow parameters, K b and FB
’, for the part1cu1ar rock samp]e were estImated by using a]] the ps’
:observed data pornts 1n app1y1ng the Gauss—Newton method to~Equationh
48 Sens1t1v1ty of these parameters to the number of exper1menta1
'thdata po1nts, used 1n thewr est1mat1on, can be exam1ned by compar1ng L

'v

'~these va1ues to those est1mated w1th f_wer data po1nts Uswng the

;  data for Sample ss 3. A and- run 2 of Table C- 24 the va]ues of X, b,
B and FB

were est1mated and presented 1n ab]e 4 Exam1nat1on of
Tab)e 4 y1e1ds the facts that the est1m"t10n of L

1. Al three parameterer b and Fg are not

.”:sensit1ve to the data po1nts 1n the v1scous p" -
-reg1on ‘ d | “ | | -
”i;;‘-if‘é; “Both slwppage”eoefficient‘b and.inertial-
S ./coeff1c1ent FB’ are general]y sens1t1ve to p

:':ui:the data pohnts 1n the 1nert1a1 reg10n, i. e:

.ixrelat1ve1y L1gh f1ow rate data po1nts whereas _d.
| U'ﬁg“;the rock permeab111ty, K,,1s less sens1t1ve .

-*?Furthermore to see the re]at1ve changes 1n these sens1t1ve parameters, R

| ';uw1th respect to base values, Tab]e 5 was prepared
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| - TABLE 5 " | e
SENSITIVITY OF K b AND FB T0 THE NUMBER. OF DATA POIN?S

" Number of o ReTatiVelChanggfin,'lParametersT%

Data points - K .- b Fg ‘ p‘fhe

Sk 0 Ns sl a2

- L S0 ‘-75.:-0 38
2% . .-2:5 N4 935 -

Yoage 00 14 1512 L

Consequent]y, gt 1nd1cates that the accuracy of the est1mated

| "_parameters depends on. both the quaTTty of experlmentaT and the number

.“‘of data p01nts\1n the v15cous and/or 1nert1aT reg1ons

. / -

- C. Inert1a] Coeff1c1ent as a- Pr_perty of the Rock and the Fluad

‘ In order to determ1ne whether the 1nert1a] coeff1c1ent FB,

is. dependent upon f1u1d propert1es as~we1] as @ock prOpert1es f]ow 1;

” ll‘ﬂtests were conducted on the rock samples LS T and SS 2-A us1ng n1trogen,

"jf:‘dargon and methane as the fTowlng fTu1ds These gases were chosen on

"the ba51s of the1r ava11ab111ty and the s1gn1f1cant d1fferences 1n .

'f<§

: .:~the1r v1scos1t1es and spec1f1c grav1t1es

The K]1nkenberg p\ots for these rock samp1es and the related

S runs are’ shown 1n F1gures 8 and 9. The resuTts of est1mated parameters -
" 'for these runs are summar1zed and presented 1n TabTe 6 Examtnatwon .

) Tof Table 6 1nd1cates that un11ke K, belng a propegty of the rock aTone, f
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the est1mated va]uesnfor b and FB are s1gn1f1cant1y d1fferent for
ﬁeach gas and the rock samp]e As a resu]t of these d1fferences 1n
b and FB for each gas and the rock samp]e, Tab]e 7 was. prepared to
' ,_see the re]at1onsh1p between these parameters and the fluid. propertles,'
'1 e. gas v1scos1ty and spec1f1c gas grav1ty R o
An exam1nat1d;>of Tab]e 7 c]ear]y ylelds the fo]]owing
'conclus1ons ' )
1: The s11ppage coeff1c1ent b, 1s a property of both
| the roc5,and the f1u1d ThJs-reJat1onsh1p‘may.be B

-'frepresented as

b - (1)
_ Th1s re]at1on h1p is a]ready known and supported
by Equat1ons 2 and 3 where the mean free path of
“the f]ow1ng gas at P and T, may be g1ven by (94)
- ,;' 0. 375 —H—) “ﬁ—— ey
| HoweVer,‘exam1nat1on of the data 1nd1cates that )
?Tfor both rock samp]es, b 1ncreases as the free
mean path 1ncreases but 1n neither case 15 the o
hhrelat1onsh1p ]1near as suggested by Equatlons 3
'-f.and 73 L s
12f"The 1nert1a] coeff1c1ent FB’ appears to be a
| property of the rock as’ well as the f]u1d This ;fé3-f‘
| ;'re1at1onsh1p may. be expressed as - v . SRR
SRt flx —.~;.~'.,§ B ¢
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D, Effect of C0nf1nement Pressure on Parameters ,

o Prob]ems Encountered - "'f ' o

57

The Figures 10 and 11 demonstrate this dependence

of FB on the gas v1scos1ty and spec1f1c grav1ty

. Consequent]y, w1th1n the range stud1ed 1t is appropriate to .

~say that Tike b, F -appears to be a property of the fluid as we]] as

.the rock. “However, s1nce the permeab111ty var1ed from fluid. to

f1u1d and b d1d not vary ]1near1y, the possrb111ty that the observed

. \}

cvariat1on of Fa from f1u1d to fluid was due to experimental error.
‘can not be ruled out Hence further 1nvest1gat1ons, cover1ng

observat1ons 1n a wider’ range are requ1red to def1he this dependence

moreac]early.,_\

*

- In order to determ1ne the effect. of conf1nement pressure on®

~ the parameters K, b, and Fé,mf1ow,tests under different net confjnement'h

pressures were conducted and the resu1ts:are examined in the. following

[

“subsections.

R

The K11nkenberg plots for these runs, w1th the processed data

and the re]ated parameter est1mat1on resu]ts presented in Tab]es D=1 ;

jthrough D- 86 are shown 1n F1gures 12 through 19. These f1gures show
that there are d1fferent behav1or of the K11nkeﬁberg p]ots for
| d1fferent runs whwch may be exp]a1ned in the follow1ng manner:

,f(a)' Runs with Flow Test Method Case’l

These runs y1e1d three d1fferent types of behav1or in the N

- K]1nkenberg p]ots, :v»" . R o

o
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iport1on as 111ustrated 1n F1gures 12 through 16 B
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. -Runs w1th the expected behav1or of the K11nkenberg

plots w1th a stra1ght 11ne and a concave- downward

..'Runs w1th stra1ght ]1ne K11nkenberg p]ots w1th

B a]most no concave- downward port1ons as shown 1n
.F1gure 17, Exam1nat1on of Figure ]7 the K11nkenberg
.plots w1thout 1nert1a1 reg1ons, y1e1ded a prob]em

1\wh1ch 1ed to the d1scovery of Q. rupture in the |
:bottom rubber gasket at the boreho]e .as. shown din t

.‘PTate 1(A); Th1s rupture suggests that blow by

- _occurred between the. p1ston and” the rubber gasket

.T'However, the poss1b111ty ex1sts that b]ow by a]so ;: o

: 3‘

"plots w1th systemat1c concave upward instead of

: occurred at the other three gasket surfaces

Runs w1th anomalous behav1or of the: K11nkenberg

. :f?concave(downward port1ons, as shown in. F1gure 18
At the end of run 1 an rock. sample SS 1 A a
- ,sudden 1ncrease in the measured f10w rate was:

-'noted in the 1ast data po1nt It was thought

- that th]s 1ncrease was due to fractur1ng of é%gg %ﬁ

: rock samp]e 51m11ar to one particu]ar fa11ure as '

'.‘shown in' Plate 1( ) The f]ow ce]] was d1smant1ed

an;aép exam1nat1on 1nd1cated that the rock samp1e -

!

ot- damaged but that there was a sma11 perfor-'”'.th

'-at1on 1n the bottom rubber gasket at the borehole
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" (A) RUPTURE IN BOTTOM RUBBER GASKET AT THE BOREHOLE.

: PLATE 1, PHOTOGRAPHS ‘OF RUBBER GASKETS USED FOR ROCK SAMPLE
CONFINEMENT

() ”TRACES"OF'FRACTURED ROC‘K_SA'MPLE:' ON THE"BOT-TOM“RUBB.ER‘GASKET

69
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In order to. preVent another rupture in the new
gasket runs 2 and 3 on th1svsamp1e were conducted ‘
‘,‘after p]actng a sma11 c1rcu1ar stawn]ess steel '} h o
sheet between the rubber and the rock samp]e at the -
h boreho]e Qs 1t is evwdent from the K11nkenberg |
v'p]ots for these runs, as shown in thure 18, th&s
arrangemcnt d1dinot change the systemattc behay1or
d l.df the‘plots‘eveh'though there was notrupture in
.the-rubber'gasket L o
As a resu]t ther’Ware'many p0551b1e reasons for the‘unusual
“ behav1or of the K11nkenberg p1ots, name]y ‘ |
| (i) blow- by S ';'Vf' e | 7%j
.(tt) 1nadequate def1n1t10n of the net rock conf1nement
>. pressure o
. (111) 1ack of rad1a1 conf1nement oﬁf}he rock samp]es '”hf. :
(iv) permeab111ty of the rubber g;skets, and - |
~_(.v')“ expertmenta] errors : | |
, .Furthermore, it may also be true that the: runs conducted on |
_sahp]es LS 1, LS 3 A and $5-2-A are not efbepttonal but are the ones
E where the effects of those aforesatd poss1b111;1es are sma]]er as. -
‘compared to the 1nert1a1 effects S1nce these rock samp]es have h1gher
permeab11|t1es, r&ﬁ§1ng from 2 to 8 mds, than SS 1- A and LS- 2, 1 e§ :
‘0 01 mds and 1 mds respecttvety, it aPPears that b]ow by and/or other v”':,e",
.‘poss1b1]1t1es d1d not p]ay any maJor ro]e durtng runs’ conducted on: t:f

) samples LS-1, L5- 13-A and S$-2-A.

[ : . . ) - . .
y " ) : N . L : -, . (R




“a

7

(b) Runs with l]ow Test Method Case I
\
© . Only runs 5 and 6 were. conducted, us1ng this’ method on
rock samp]e LS-1. The K11nkenberg plots for these runs awe presented
o

: 1n F1gure 19‘ This f1gure 1]1ustrates seVera1 pecu11ar1t1es F1rst

,‘each plot has a portwon show1ng sudden and cont1nuous reduct1on 1n

' permeab111ty ‘when the flowing mean gas pressures are c]ose to

predetermined upstream pressure, i. e P = 300 p51q Second]y, each

p]ot conta1ns a sect1on where permeab111ty increases with 1ncreas1ng

mean f]ow1ng pressure and f1na11y the pos1t1on of the two curves is

N

-oppos1te to that expected ;

l

The. reason for these pecu]1ar1t1es ma} be exp]alned 1n the

following manner:’

v o . X C s : ' -
S P Sudden Sharp‘Decrease in“Permeabi]ity

It 1s appropr1ate to testate that’these runs 5.

'iand & on rock samp]e LS- 1 were conducted -under

o

lconstant net conf1nement pressures of 800 and
i]OOO psyg, respect1ve]y,-wh11e matnta1n1ng a,'
COnstant»upstream-pressure of 300 psia: FTow'
.rate observations became troubleSome; ie. rvery'
_unstable, for downstream pressure over 290 pS1g
}‘dur1ng these runs Therefore the error in f]ow
'rate measurements 15 thought to be the cause for
this. sudden sharp decrease 1n permeab111ty

kIn order to determ1ne the poss1b]e error in the

f]ow.rate.measurements, one may try to predict



-f]ow rates by using Equetion'48 together with the t]ow

data for these runs, Tab]es c-7- and C-8, provided K, b, -

and FB arepknown At th1s po1nt it was asSumed that
the parameters estimated for sample LS-1 in runs 2
and -3 were true parameterS' Sinee these runs were
_a]so conducted under the same net conf1nement pressure
of 800 and 1000 pS1g and on the same sample, th1s
assumpt10n seems reasonab]e.i Percent.error hetween
'the'neasured‘and predieted f]ow‘retes.fqr-s different
. rUnslwere'eStjnated and presented in Table 8. 'Errors.A
"in this table tend to support the belief that these
; Flow rate measurements were‘erroneous--"" o

Increase 1n Permeab111ty and Shape Reversa]

One may thlnk this behav1or is due to e1ther b]ow by

'or the stress state of the rock sample, i.e. 1nadequate_.:

conf1nement pressure However, exam1nat1on of these

"sect1ons of F1gure 19 shows reversa] in shape, i.e.

12

h1gher permeab111ty va]ues at 1000 pS1g net conf1nement_

"; pressure than, .800 ps1g, wh1ch 1s oppos1te to that
'expected On the bas1s of these observatlonsj}1t is -
(fe]t that there 1s 1nsuff1c1ent 1nformat1on ava1]ab1e |
}to explain this behavror at th1sﬁt1me Therefore, 1t

s suggested that runs thh f]ow test method Case II

“should be reexam1ned in- greater deta1] S0 as to exp]a1n -

the behav1or in such runs
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: K]lnkenberg
(1)

(1)

74

As a result of this study, anoma]ous behavwor of the

p]ots was found in runs |
.on 1ow permeab111ty rock, i.e. the‘samptgg .
15-2 and $S-1-A
“having high~mean f]oning_gas pressures,
j.e. the runs 5 and 6 on sample LS-1.

\

- 2. Conf1nement Pressure Effect

Non

linear est1mates for the parameters K b and FB under ’

d1fferent net conf1nement pressures are, presented in Table 9. Usgng

tthe appropri

ate va]ues “in Tab]e 9 the effect of conf1nement presSyre‘

on parameters.wasLexam1ned and is presentéd 1n_the fo]]ow1ng.fash1on(

1.

Effect of confinement pressurefon the permeability

s shown by p]otting permeabifity-faCtor fK, versus

~net confinement pressure as presented 1n F1gure 20 ;‘

'Exam1nat1on of thas flgure y1e]ds that the abso1ute_d

: _permeab111ty, K, decreases as the net rock conf1ne-4”

”ment pressure»1ncreases The effect 1s nore severe

11n Tow permeab111ty rock samp]es than in h1gh

'permeab111ty.ones These resu]ts support the

- findings repoftéd by Fatt (95).; It shou1d~be :

'noted'that thiS'fnterpretation is valfd only'fOr”"

’the same k1nd of rock samp]es, 1 e. sandstones or T

- 11mestones etc

vThe conf1nement pressure effect on the s11ppage :

,.coeff1c1ent b, s shown 1n F1gure 2] ~Un11ke K,f |

Ve
. L
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3.

T .

'.rf iue. the 1ower curve 1n F]gung 23 1evels off

are much more, -as compared to the 1nert1a1

values of b increase as the net confinement

pressure increases Furthermore the conf1nement
pressure effect on b is more- pronounced in 1ow
permeab111ty rock samp]es, 1 e. LS 2 and SS 1 A

As a. result of- F1gure 22 one may conc]ude that

the 1nert1a] coeff1c1ent FB’ 1ncreases as the- :

net conf1nement pressure 1ncreases However
exam1nat10n of F1gure 23 revea]s contrad1ctory

resu]ts The-behav1or of-the curves 1n,thure

7”,23 is causedfby=thefinaccurate eStfmated”values

of inertfal'cOefficient using'the.erroneous'fléw*

3

data of the runs conducted on the rock samp]es
LS -2 and sS- 1- x\ As prev1ous]y conc1uded the

b]ow—by effects 1ncrea51ngTy became 1mportant

and overcome the 1nert1a1 effects for the rock

samp]e LS- 13 1 .e. upper curve in F1gure 23

However, for sampfg.ES 1 A the b1ow by effects

effects, and stead11y decrease as the net

conf1nement pressure 1ncreases to 1000 pswg,
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ST CHRTER vITT
~ CONCLUSIONS AND RECOMMENDATIONS =

A. Conclusions C

"As a resuTt'Of this:investigatioh,'the following conclusions

. .can be'made'

'],. The proposed def1n1t1on for the net rock conf]nement pressure, :,

tak1ng the des1gn of the-fTow ceTT 1nto account, 1s mechan1st1c1y

| super1or to- the one empToyed by P1pTapure S

2. The unusuaT shape of the KT]nkenberg pTots 1s not onTy dependent
upon the manner in wh1ch‘the fTow tests have been conducted

\fTow test me%hods Case T or Case 11, but it may aTso be afﬁected
by the T1m1tat1on in the des1gn of the present fTow cell 1n

/
wh1ch»the rock is. conf1ned axrally but not rad1aTTy

3 The effect oﬁlpartJaT conf1nement of the rock samp]e appears to R S
become more severe for runs on Tow permeab111ty sampTes, i, e.,

15-2 and SS T -A, and/or runs w1th h1gh mean fTow1ng pressures, -

i.e, 5 and 6 on LS T wh1ch causes the gas to fTow through the :

1nterfaces’ :;'ﬁ' ;";‘7f“tt b: QTVA .fl' . ﬁf}f;ﬁpfb: - }3 -

"T'A; Estmmated va]ues of b and FB are very sens1t1ve to the numberlof
po1nts 1n the 1nert1aT reg1on of the part1cu1ar run. However,‘K'
seems to be Tess Sens1t1ve 'f;'» - '._."3’ f_‘_itli__jai; ;tlf'

5. The suggested data dx\pr1m1nat1on methods to deT1neate the V1scous ,

‘ and the 1nert1aT reg1ons are 1nadequate and 1nconS1stent Hence, -_i

-

81
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. usage of any. graph1ca1 parameter est1mat10n techn1que should be

. avo1ded whenever poss1b1e IR

6.

’74.

]

, pressure 1ncreases and the effect is more pronounced in- 1ow

The 1nert1a1 res1stance coeff1c1ent FB, appears to be a property
of the’ f]u1d as wel] as the rock e

Thé*abso]ute;permeab111ty, K decreaSes as the net rock conflnement

permeab1]1ty rock samples.

LI

-The s]1ppage coeff1¢1ent b, and the 1nert1a1 coeff1C1ent FB" B

lncrease as the net rock conf1nement pressure 1ncreases

. Recommendat1ons ;

!-r_ The f0110w1ng recommendattons are made - , ,
The present f]ow ce]] §hould be redeswgned so as to perm1t rad1a1

| 1conf1nement o | _ . !'_ | | _ ‘.‘ ‘

.‘,The proposed net conf1nement/p?essure def1n1t1on should be mod1f1ed,u : 3

’ 'to account for the we1ght of the hydrau11c p1ston

Other def1n1tlons of net conf1nement pressure should be exam1ned

.’hThe behav1or of the rubber gasket under dwfferent stress cond1t1ons;f»‘

{-shou]d be stud1ed pr1or to 1ts usage R 'f . B -"_,

. fF]ow tests w1th d1fferent gases shou]d be conducted 1n 11near
fhsystems to c]ar1fy conc]us1on 6 | |
ﬁh ThebEffECt of conf1nement pressure -on the parameters K b and

‘.FB shou1d be Studled 1n 11near systems where both rad1a1 and

4 . !

ax1a1 conflnement may- be emp]oyed ;..’*:I s.lﬁ_e'f;},_ﬂ ;,::

. Us1ng the different1a1 mode1 of the v1sco 1nert1a1 f]ow theory,3

0

. L4
o as g1ven by Equat1on 36 the parameters K b and FB shou]d be

)

R S



fest1mated SO as’ to exam1ne the effect o? the assumpt1on .

_ut111zed in the derwvat1on of the 1ntegrated mode]

The sen51t1v1ty of the est1mated parameters to the observed f-

'var1ab1es, 1 e pressure f]ow rate and temperature shou]d be

studwed SO as to improve the qual1ty~0f exper1menta] data

..'Runs us1ng f]ow test method Case 11 ‘should be: repeated and™ ';~f 3

‘stud1ed in deta11 S0 as to exp1a1n the nature and the shape of

the resu1t1ng curves
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NOMENCLATURE

‘a : - *

constant in Equation 60

, . AN o

4 funct1on of q? in Equat10n 10, d1mens1on]ess

constemt in Equahon 60 . Fy

-1ntegra1 défwned by Equatlon 47 o

s11ppage coeff1c1ent M/k t

“hard-sphere mo1a1 vo]Pme, L?

constants 1n Equat1ons 60 and 61

a proport1ona1\ty factor 1n Equat1on 3

constants in Equat1ons 50 and 51, respectiveiy_ .

drag coe?f1c1ent d1mens1on1ess
Fann1ng fr1ct1on factor d1mens1on1ess

.1am1nar»energy»10"s c1eff1c1ent,.d1mens1on1ess

turbulent enerdy 19§S_poeff{cient, dimensionless

funCtioﬁé of'Q » Q) |Q'l and Q ]Qm'll,:respectjvely

‘a characte|1st1c hydrau11c 1ength L I

denotes diameter, L- N

‘funétions of’Qo, QOIQOI_dnd QOIQS'II, resDéétivé]yy"'

denotes "a function of"

viscous coefficient, 1/L* S

_inertia1‘c6effibient, 1/Lv‘-

(m-a)/Lm

turbulent coefficient, Mt

85
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5 .
G . specific gas gfavity, with G for air = 1.0 ]
h-' .thicknesé-of porous medium, L .
ko Bol tzman coagta&t’
K absolute perrieability, L2
| Ka E apparent\permeabf1{ty{'L? .
FININE propoktionality c0ns£ént% .
L. fength, L a %
te. . lithology factor in Equatipn 8
o oo derfved turbulent fntensity‘term,_dimension]ess
M  molecular weight, M - T |

-

“m(P) | integral term used with Equation 4

n turbulenf infensjty term, d%hénsionléSs
.NRe . .,RethTds numbek,_diméhsion]e;s ,‘v.
NNy gXponents 1nIEQUétioﬁ 14 )

P préssuke,'M,/Lf?
¢ ;"‘\éup‘erficiallVe1oc1',:ty.,_} L/t
0?'~ B Vo]umefricqf]ow rate, L3/p-

'r‘.‘ © radial distance 6r_fadius, L
R -.,i univérSa]‘gés cohstant; ML2/t2T
‘R'_ | éoefficiéﬁt_éf co;felétfon defined by Equatién 52,?7

diheﬁsionléés_l : | )

ST “ R tempefature, T R \ .
™ ,Lennérq4Jdnes potentia1-parémeter'  :5‘

O‘ time, t ' - |
v : . vblume? L3



.§£99&1~"

d,ﬁ

“bulk fluid velocity, L/t o *»_I: e

-compress1b]11ty factor, dimensionless .

' constants in Equat1on 5 )

" mean free path length L

instantaneops turbulent or total velocity, L/t !

< o

_'loca1 turbu]ent ve]oc1ty f]uctuat1on component L/t

. denotes d1stance or d1rect1on, L

\7.
mass f]ow rate M/t

“

y

parametev def1ned by Equat1on 59 - ‘: o g
parametér def1nedvby‘Equat1on 60 |

parameter defined by'Equation»61

a smal] number as convergence cr1ter1on '

'error term def1ned by Equat1on 53

max1mum energy of molecular attract1on ML2/t2

'components of the parameter vector,};

a convergence: factor 1n the Marquart a]gor1thm :

gl

v1scos1ty, M/Lt
den51ty, M/L3

" reduced denSIty, d1mens1on1ess

“distance between plates of orif1ce model

structura] suppor&vpressure M/Lt2 -

hard sphere d1ameter L -

’ porostty, d1mens1on1ess.,

“collision integral . . = o
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Subsgrigté" : S ST

e refeféhée.tgfouter extent of’porqus media
he hydfaufi;fcohfihément
'{ L/ | denotes_“iherfialf,'the ith point br the ithvitefafioh -.
m S mean - - -7 o o R ] |
‘qc . net conffnemeﬁt S B - |
o référencé;cbhditions |
Q; [ | pii&qﬁ*gr par@iéié"' ‘ ,’ - -.? ,
Tr o ,,‘ radial veCtof deéighatbri |
 sc o sf@ndard.cénditiohs |
v _Av_ | denots "Vfécoué“:
. o wooo referénce to wellbore
‘1'1 | _féferehcq to‘in1et:

2. reference to outlet” oG

SuperscriptS'
- denotes an average value
o denotes degree - - . T e

— . ' . denotes prime
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L APPENDIX A
DEVELOPMENT OF THE UBEROI FLOW EQUATION
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APPENDIX A

In order to describe turbu]ent f]u1d flow Citois importase

Y

account for the effects of turbu]ent ve10c1t1es Due to tne {ru;»:
‘nature of the tuxbu]ent motions, ana]ys1s and so]ut1on mus t t( SR tere

oflthe stattsttcat_app)oach (69). Thus the»1nstantaneous turbulent

'_ ve]oeity,in the direction of r,/y;**w<:l be.written as (70).
Vi = Vr +ove L G o (A 1)
i, B ]

where V is the ttme smoothed bulk flui / 1oc1ty, averaged over a

: re]at1ve1y 10ng pertod of t1me, and is glven by .

L x o S I _ .
- R " t+t0 d ' i . o ‘ "’ ’ » . - v S
B I - (a-2)
: o t _ : S _ .
RS

'and Qhere V‘ is the local’ turbu]ent ve]oc1ty f1uctuat1on eOmponent
Turbu?encc is def ned as omogeneous when 1ts sca]e and
-_'1ntens1ty are 1ndependent of coord1nate pos1t1on It is further
*def1ned as be1ng _sgtrgglg~when these character1st1cs are 1ndependent
of d1rect10n Thus, 1sotr0p1c turbu]ence requ1res 1oca1 turbu]ence to
- have tte mean va]ues ofxf1ow parameters wh1ch are 1ndependent of - |
trans]atlon, rotat1on, and ref]ect1on on the axis of. reference as‘
;reported\bvaownsend“(_ ) However, the entire flow system exh1b1ts,
7;ﬁnhomogeneousbturbu1ence due to vary1ng'bu1k:veloc1ty. Hence, |

cons1stent w1th isotropic. 1nhomogeneous turbu]ence Crafton (72) =

proposed the fo]]ow1ng re1at1onsh1p for the 1oca1 turbu]ent ve]oc1ty;”

98
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|
|

:the

¥ ( =
L e RS
Veo= kv, N O

whofe nis ca]]ed’the "turbuJent<intenSitynterm" and given by

o«
&

v '2/<V > _  . | B o  (A?4)

wh1ch is a measure of the magn1tud@ of turbu1ence and angular paren—

,_thes1s <> denotes an'average, However, the va11d1ty of th1s equat1on

A-3 ié QUestionab]e since the f1uctuat1on ve]oc1ty component V.( ) .n
a functxon of both space and t1me can not be g1ven in terms of the |
fﬂu1d bulk ve]oc1ty v { r) whlch is a. funct1on of . space on]y as |
1nd1cated by Equat1on A- 2 _ ‘

Equat1on A-3 1s substant1ated by Uber01 Q emp1r1ca1 work (73)

i
performed on free air Jets Ubero1ts Equat1on 6 oan-be_rewr1tten as.

S

AV favpt
TR T
.’Muftip]ying»both sides ofuthis equation- by pgr‘yjé]ds
- [ dV RN AT S ' : A
er.._(dr ) '.(ZUPVV.'_ (ar‘ ) : v. o (A-6)
~, Differentiation.of Equation A-3 with respect to r yields
ol (n-n) [ZIr
ar. ‘nkl Vr N ar. (A'7)

Crafton made an error in the above d1fferent1at1on by not 1nc1ud1ng

gV . ’ , i
P) term. . : T _' o




Now, note the identity o . : \\
oV g - ld(v pj = Lyap)
ror 2 T2 T

and ‘the combination of Equations A-6, A-7, and A-8 wi]]’yieid

P - 2p 9(3 -2n)

. dr.‘ n klkzkau r

,ag&compared tQ‘the'same equation derived by Crafton

P 20%K3k,p - (onlih)

g P jlan-1) :"prsznjl)

a? S T

100

- (A-9)

(A-10)

|
i

.'\'

. Us1ng the energy superpos1t1on prH(1p1e with Equat1on A 9

-

'
to 1nc1ude the pressure gradlent due to permeab111ty effects, ie.

’ thev]amlnar boundary ]ayer, the_comp1ete pressure grad1ent will be

B T Fo = =(me1)
AT AR A
where 'F
o .
. 2
FC e T TR
oo klkzk3
m. . = .3~2h

o as_dpposed.tO»the}definit{on,given byvCraftoh as

Tmos el

‘and m is referred to,ég'the "derived‘turbu1ehtgihtensity>term"Qrf:

&

N
! -

e~

(A-11)

(A-12)

| (A--]'-s ) o

| (A--M)'.



101

Equation A-11 may be referred to as the "Uberoi flow equdtion”.

However, the second term of this equation indicates that-pressure

gradient will decrease as the fluid viscosity incrcases which is.
S : - R o

ekact1y’opposite'to What one expécts: s

AN

In view of this and the quest]onab]e nature of [quatlon h- 3

_the\usauc of Ubevow flow equat1on shou]d be avo1ded bnt11 further

clar1f1cat10n is mado;j 

v _l T N \
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APPENDIX B

APPLICATION OF THE NUMERICAL AND THE SEMI GRAPHICAL S

 PARAMETER ESTIMATION TECHNIQUES TO THE INTEGRATED MODEL OF 1
~ VISCO- IN\ETIAL FLOW THEORY o

A
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CPART 1.

J

..-‘ '“\ i “"
APPENDIX B

Appl1cat1on Of the Gauss-Newton Method as a

” Non L1near Least Squares Parameter. Estwmat1on Techn1gue ,e'

- The'genera1wintegrated 3-parameter mpde],.non-11near with”

-respect to the parameters, given by Equatlon 48 can be rewritten as

with parameters K, biénd

. as
oor

where

Equation B-1 can

K

P2

3 1602 X ]0'12 F GTZQ0

1424pZTQOZn(re/rw)

- 2(P,-P)

hK

F to_he estimated.

B 7 ._ E _ S _
be expressed in a general mathematical form

L B) HCES o (B2)

‘exper:mental va]ue of the dependent var1ab1e f:. o

. “;res1dua1 term

- for the 1tb observat1on t
. f{\pred1cted or ca]cu]ated va]ue of the dependent

;fvgr1ab]e for the 1th observat1on

|representlng the error between ’

'ﬂ>.e,i and P ‘ Tor the i bservat1on '

: 103'



e

| Q . = measured va]ue of the 1ndependent var1ab1e J
L ~for the 1 th observatxon |

(0,9 0, 83) = (K b F ) 1s a vector of ;

3

'the parameter in the mode]

o= funct1ona1 re1at1onsh1p known as the S e

Ny

,response functwon
‘,ThejGauss~Newtoh pr0cedure'fs"based on a 1inearization'of'the

',proposed Equatfon 842 A 1east squares objective funct1on is ut111zed S

: and the method has proved effect1ve Hhen good start1ng est1mates of

.. the unknown parameters are aya1]ab1e " The. a]gorlthm proceeds as h

“follows: L )

S 4 : ' L

1. L1near1ze Equatlon B 3 by expand1ng P “in a. Tay]or R
ser]es about current trlaJ-values for the parameters‘
and_retaihing the linear terms only, aslr' )
e,i e, oK i S Bb 7 _

A
AN

. where -

inE)

T SR J-I,'
J_] . - s me .. '

) 712pZTQOZn(re/Y‘w) _
: " KZhP |

. ’ J"] g . i . J-]“ e . S S, »
(“g) - (~——.‘3 w) S Ee o (B-6)



: A ] - S o . _ . . i . . ,‘ ]
(3 e)J 115801 x 107*7 GuZQ§ (1% '1;), "
oFg) - | h*P, ' |

the J th - 1terat1on and j=1, 12, . .f; ITER"~ -

| 2. If the number of exper1menta1 po1nts greater than the\

_,number of unknown parameters, as 1n the case of th1s

A

'study, formu]ate a’ 1east squares obgect1ve funct10n.

1hfséé)l

ND %jpnumber of experTmenta1 data po1nts
h

m
i €.
"

random error assoc1ated w1th i data

-po1nt-and;3 ki;«‘*-w‘ceraj‘nor)-.

.73, ‘Substitute the Tinearized mode] into the objective

function and form the:"norma1vequatiens?'bygsetting,"

~ the partia1 deriuatives'of-the’objectﬁve function," |

- w1th respect to each parameter, equa] to zero, d.e,'

-0

m1n1m1ze sum of the squared errors 'f L

T

Y,

|

B -

o ;ThE_résult?nb'norma17eqUatien§1W{1j“be Qf;fheffohmad &

s =0E

e ’ . . O
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. QT is: the transpose of the des1gn or sens1t1v1ty -

_matr1x D and the der1vat1ves in D may be eva]uated

v;ana1yt1ca1]y‘or numerically.

Solve the set of nOrma]~equation§,'whieh is a

.systemhof']inearva1gebréic‘equation§; for S as

hwhere ‘
A =

c =0k

_Conpare (——_—TTTXTT to . o S N

'(i) ' 1f sma]]er than €, ex1t ' o }(.’5 - ‘r-f

(i) if 1arger than e, form a new set of Lo o [ :

‘ -_o A ,Hence-o is the error var1ance of the measure- o e

nest1mate§ using -

“and the ‘process i% .repeated until
: convergenceiis-abhievedg

;'-Form the var1ance covar1ance matr1x of the parameters, SR

’ e e

. 'R

.ments and can ‘be approx1mated by j i ‘f A S

' ND :rﬁ‘ o hﬂr'v C lt N I .:_}ué 5
S T el N U T SR
o T New o .(“3\:1.3_).4




where. L '&\.

ity

- NP =‘fhumber~of-unknOWn barameters,,Np =3

oL A
X S Y,
—_ .o oy .

o _.cov(K,FB)~\

3
T

- cov(K,b)

?b | « ;ov(b?FB)

e L L 9

B
.,& s

_ o S BT :
“and the correlation matrix will be -

‘T gt 0.0 I

[ . cov(b,Fg)

o |
%% |

]

“These are both symmetric 3 by 3 matrices. -
‘7.. CaTcu1até'the‘pércent_errqr Qsin§
(M00E; = 10007 P q)

" Consequently, the variance-covarianceé matrix is. -

08
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'The sa]ient points.of the FORTRAN computer'program 'written

o for non- 11near Teast: squares parameter est1mat1on us1ng the Gauss—

Newton a1<or1thm “and presented 1n the fo]]ow1ng pages, may - be expressed

-as

]d The ma1n program is THE GAUSS NENTON with

subrout1nes -
S R,
R - o )
DESGN
- SHENT
) - INVRT,
cand o SHEN3

A .
are .

.2.' Qaé reqﬁired.jnpnt‘datavfor the natn program
-~ pumber df'différent'datazsets;:ISET o
- rock samp]e d1mens1ons, re, Yy and h.’
- specific’ gas grav1ty bG _:_ e o o
; h1ntegers 1nd1cat1ng the type of gas and -
‘:.-the maximdm,number of 1terat10ns, TCONT .i :
Camdrmax o
. ndmber?df dnkannrparameterS"NP',
i4anumber of - po1nts in each data set ND
- .1n1t1a1 guesses for the parameters,
XPAR(I),. =1, .., NP)
.'_; -and ;he-exper)menta1 flow data,'n:,:

- . . -» ) ..' ,» ‘;,- 'v - N 4' . ".
'P R P‘W,I,T,..'Q0 SRR o av | .



o

. Furthermore, the program cah1eé$f1y.bé'mbdified to‘estimate f
“any number of parameters.by'makingvaﬁpropriaté changes'iq subfoutine‘
DESGN to include the partial derivativés’with‘respect-to'addifionai

parameters..
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1

THF G AUSS~NEWTON MAIN‘

,‘******»w***h*}*m*#***tx****

b
. %
INTEGRATED 3- PARAMFTER MATHEMATICAL MODEL *
DFSCRIBING STFANY- ~RADTAL VISCN-INERTIAL GAS FLOW: %~
THROUGH POROUS MFDIA %
: : *
TAKING THE PROCESSEDN FLOW DATA AS INPUT THE PROGRAM. #
GIVES THF LEAST SQUARFS ESTIMATES. 0F THF UNKNOWN. - %
' PARAMETERSy [+ E. (PAR(I) =1, 21;...NP)" N
T USING - *
- THE GAUSS—NEWTON METHAN,A NNN- LINEAR LFAST SGUARES EE
ALGﬂRITHM ‘AS A PARAMETFR STIMATIDN TFCHNIQUF' E
. - E- 3N
NOMENCLATURE ¢ . o %
1SET=NUMBER OF DAIA SET *
"RE = NUTER RADIUS OF THE ROCK: QAMPLF IN FTo %
RW = BORE HOLE RADIUS 0OF THE RNCK SAMPLE,IN FT, k3
H = THICKNESS. OF THF ROCK- SAMPLE,IN FT. %
G = SPECIFIC GRAVITY NF THE FLOWING FLUID(GAS) K
CICONT=A" COUNTER 'SET TN DIFERENTIATF THE GASES USED %
- IN CONJUNCTIGN T0 SURROUTINt PFLUIDY %
C1CONT=1,FNR NITROEEN w0
- =2,FOR ARGON ke
S =3, FOR METHANE %
I TMAX=SEE SUBROUTINE 'FLUID! . %
© NP = NUMBER OF UNKNOWN PARAMETERS o8
. ND = NUMBER OF PDINTS AN EACH DATA SET CE
*
~INITIAL GUFSSES FOR - THF UNKN NWN PARAMETERS % o
PAR(1)= AN: ESTIMATE FNR. PFRMEABILITY Ky %
S IN MILLIDARCIES - %
'PAR(Z)i AN ESTIMATE FOR- SLIPPAGF CﬂEFFICIENT B, \\\\‘_
IN PSTA o \ ow
PAR(B)— AN ESTIMATE FﬂRiINERTIAL RE%ISTANCF %
oo “CNEFFICIENT FR,IN 1/FT.- L %*
NPF = PRESSURE AT THE DUTER RADTUSY IN PSTA : /(‘“\ %
'PW. = PRESSURE "AT THE BORE HNLEIN PSTA S
T = ARITHMETIC MEAN. TEMPERATURE +IN DEGRES F. - %
N0 = FLOW RATE,IN MSCF/DAY o I
MU = VISCOCITY OF THE FLOWING -FLUID. EVALUATED AT %
" THE ARITHMETIC MEAN PRESSURE AND TEMPFRATURF,l-*
, IN CENTIPOISE . -
MUTZ =. MUXT%Z ‘ i
" WHERE - ' ' #*< -
1 =,COMPRE§SIBIL1TY OF THE GAS FVALUATFD AT, THF'*u
ARTTHMETIC MFAN PRESSURE -AND. TFMPERATURF %
[TFR = NUMBER OF ITERATIONS FOR CDNVFRGLNCE ' R
.

-

R & ¥ * I % _'*_ ok k% *'f* % kK =:'*.* KW % k.

e =L T
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THE GAUSS=NEWTON MAIN  wu. (CONT'D)

{&fAL MO(40) P HUTZ (40) |
& DIMENSION A(3, 312 S03),SR(3),Cl40) ERR(40)E(4D1,
1 lcnRR(% 3),COVI3,3),D(40,3)4R4D),T(40),72(40),
HEAN(7,12) ,TOP1(12),TOP2(12)
_OMMON PE(40) 4 PH(40), 00(40),F(40),PAR(%),MU MUTZ
ORFAD(5,15) ISET B o , ‘
ToNDCL MM =1, ISET : - ; ' '
Q"RrAn(s 5)RE yRWH IR -
5 FORMAT(3F10.5) : .
VRFAD(S 100G - i '
10 FORMAT(F10.5)

.7 READ(S411)ICONT; ITMAX
11 FORMAT(215) ' \
CREAD(S5,15)NP f’
~  READ(5,15)ND -

15 FORMAT(I5) . C

- READ( 5, 90)(PAR(I),I—1'MP)‘
20 FORMAT(3F11.4) ‘
. READ(5,22) ( (HEAD(T,J),1= 1,7),J-1,1?)
22 FORMAT(12A4) "
CREAD( 5, 23)(TUP](1)1I—],1?)
' READ(S, 23)(T0p2<1),1-1,1?)._»» ,
23 FORMAT(12A4) ‘ N |
WMRITE(6,25) ( (HEAD(I 4J)41=1,7)yJ=1, 12) - :
25 FORMAT('1',//////%6X,17A4///29X 12A4//24x,12A4/24x,'
T12A6/24X,12A4/26X 41206 /24Xy 1206/) ¢
- READ( S, 26)(PE(I),PW(I) T(I)yOO(I),I-l,ND) , -
26 FORMAT(3F11.6,E13, 6) : . :
L OMWRITE(6,27) o B g
27 FORMAT(9X,'P(EXT) - P(WELL) - FLOW RATE',

e

1Y VISCDSITY MUXT*Z ' 4 79X, _ I
20 (PSTAY (PSTA) . - (MSCF/D) (CP)'y

31 {CP¥DEG R)'4/)
NO 30 J=1,ND - -
PL1)=(PELT)+PW(TI))/2,
- CALL ELUTN( 15 LCONT 16 11 TMAX P o Ty TA, MUY, ) ‘“rﬂ?
3D MUTZ(T)=MU(T)$TASZ (1) "
L D033 1=1,ND
33 WRITE (6, 35)PF(I),PN(I),QO(I),MU(I),MUTZ(I)
35 FDRMAT (" "J5X,5(E13.641X)) |
WRITE (6,401 (TOPL (1) 21=1,12)
40.FDRMAT('I'y//////42Xy12A4)‘
COWRITEL6,44) |
44 FORMAT(/722Xs' -~ NUMERTCAL .PARAMETER ESTIMATION!
1Y TECHNIOUE! //33x,'THF GAUSS=NEWTON METHOD' /24X,
2V1.F. A NON-LINEAR LEAST SOUARES ALGORITHM'//38X,
BULINEAR SOUARES ESTIMATES ') .
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THE GAUSS=NEWTON MAIN oo (CONTD) R

WRITE (6,77), - - o | ‘ R \

77 FORMAT(/?BX\'ITER' 10X, 'K 'y 11X, "B¥,11%, tFB1) )
. WRITE(6,78)" : ‘ o - ‘
78 FORMATA 24X, tNO! yTXy "t (MD) - M(psiay
1 (1/FT)r) : S ; . |
R R EE R, H K *"*" % *”’*‘* SR *'* %X
READS INITIAL GUESSES:-TO PARAMFTRS THUS STARTS THE =
ITERATION .PROCEDURE AND COMTINUES UNTIL THE- ok
PREDEFINED CONVFRGENCﬁ CRITERION ACHIFVED ) *
. I E.yEPS=0.00001 ' Sk
! : - . . _‘/ *
*

***********v**‘*,*#*:**#****V*-*

’

- FPS= o 00001 o B
CWRITE(6, 76)(PAR(I)'I—],NP) .
76 FORMAT('0',19X,'IN, GHFSB',?X,EII 4'7(2x,511 4)) .
FTTER=1 . . . _ N oo
Al= ALUG(RF/RH) o L .
.. A2=(1/RW=1/RE).
100 CALL DESGN(ND,A1,A2; HyG gDy F) o
: CALL SHENI(NDsNP,D,A) = ¢ ' -
CALL INVRT{A,NP,DET4KK) — oo~
1 TFIKK=2)110445,45 : K R
45 CALL SHEN2(ND,NP D,F cy
NO 50 I=1,NP .. = . SR
_ CAEL SHEN3(NP,A,C, 5)
SRETY=ABS(S(1.))/.(0. 001+ABS(PAR(I)))
, IF(SR(1)~EPS)50, 50,60 I
50 . CONT IMUE
© DO T0.1=1,NP
) PAR(I)-PAR(I)+S(I)
L SUM=0.D. - - _ ,
DO 80 TI'=1,ND o ’ e
: FRR(I)~F(I)/PE(I)*100 ‘ o
8] SUM=SUM+F( 1) %%2 : : S A
WRITE(6,85) ITER,(PAR(I),I I,NP) T -
85 FORMATL21X 14, 6X E1l.4,2(2X4E11. 4)) .

y=

CALCULATF PUROSITY USING THF FSTIMATFS/FOR“K:AND.FB %
c2 ALOG(PAR(Z))

(3= ALNG(PAR(3)), e
POR=EXP( (20444~ c3 -1. 17*c2I/1 57)_'
WRITE(6,8R)POR . - o
88'FORMAT(/?OX,'FRACTIONAL PﬂRﬂQITY =V Elle4)
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THE GAUSS=NEWTON « MAIN: - o o (CONTID)
L% *'** " *b* oA % kK *’*-*1* LI R X
STATISTICAL ANALYStS,I E. SUM OF THE SQUARES 0F

FRRURG VARIANCF VARIANCE-COVARTANCE AND CORRFLATIDN
‘ MATRICFS :

W 3 4 on 3t 3t

.'***T«*******'.#********'*'*.#***

FR=ND-NP -
VAR=SUM/FR .
SDEV=SORT( VAR) :
© WRITE(6,90) SUM; VAR, SPEV : R
90 FORMAT(//20X,'SUM OF ERROR SOUARES =ty E11.4/,20X,
I'VARIANCE - .~ =1 E]11.4/, ?OX,'STANDARD" .
241X, *DEVIATION ;A,F11 4) - _ ,. , A
00 95 L=l,NP - o o .
N0 85 J=1,4NP,
“COVI(T I =VARA(T ,4)

\

- 95 CORR(T, J)—A(IvJ)/SQRT(A(IyI)*A(JvJ))

"WRITE(6,113)

5 113 FORMAT(//ZOX,'VARIANFF CDVARIANCE MATRIX'T

DO 115 1=1,NP

115 WRITE (6,112) (COV(I,J),J—I NP)
112 FORMAT{/17X,4(2X, E13.5)) - -

WRITE(63114)

101 WRITE (6, 111) (CORR(I,

114 FORMAT(//?OX"CDRRE ATION MATRIX') :
, .DO 101 I=1,NP -

RsXaRaXa NN oo ¥el

107 FORMAT('1‘,//////32X']2A4) o ”; |

FUS1NP)

111 FORMAT(/13X14(2X F13,5))

na&***-****************«:*.v*.'*_ﬁ*_-*

"CALCULATIONS OF THE RFLATIVF PFRCENTAGE ERROR
BETWEEN THE OBSERVED FUNCTION: VALUF AND - THAT -
CALCULATFD USING THE PARAMETERS DBTAINED

FROM NON- L]NEAR LFAST SQUARFS ANALYSIS ‘

R RN

R ,;.*'*.*'_* *'_*‘xs' * * * ow R & % & K ,*‘:** * o
RITF(6 107)(TOP2(I),I¢1’1?)

WRITE(6,108)

108 FORMAT(-//12X, " 0BS., FUNCTION' CALC.,FUNCTIDN'
Ty4X,y t FRROR (PFRCFNT)'//) :
DO 119 1=1,ND g

119 WRITE (6, 120) PE(I),F(I),ERR(I)

120 FORMAT (¢ t4X, 3(4X,E15 5)) . R

6010 )
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125

139

) 140

110

160

15
170

THE GAUSS-NEWTON  MATN el (CONT'DY

_.**'*'*******:@**:‘:_**i#*****#‘k**

COMPUTATIDN OF UPDATFD PARAMFTFRG AND A CHFCK FDR
S N0 ITERATION AND CﬂNVkRGFNCE ‘

Kok R xR R B B R K & % Rk E R R K Lk * % %

DO 125 I=1,NP . "
PAR(I)—PAR(I)+S(I)'
SUM=0.0

DO 130 1=1, ND‘

SUM= SUM+F(I)
WRITE(6,85) ITFR,(PAR(]),I—I;NP)

" TF(ITER-30)140,140,150

ITER=TTER+1

GO TO0 100+

WRITE (6, 160)
FORMAT(//ZOX,'SINGULAR MATRIX')
GO TO 1

WRITE(6,170) . :
FORHAT(//?OX,'NO CDNVFRGENCF')
CONT INUE . \
CALL EXIT

CEND / ,'_ S

%*

%

# 3 It % I X
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SUBROUTINE - FLUID

* #’* X % KK K % B K * % % EOR R X * * oK KX % « %

_.1T FVAIUATF THE FLUID PROPFRTIFS,I E. vxscosrTv
- AND CﬂMPRFSSIRILITY NF THE GASES USED AS FLOWING
’ CFLUIDS IN THIS STUPY ‘ _

ICDNT 1, NITRUGFN ,
£24FOR ARGON

» =3, FOR METHANE _ o _ e
TTMAX= NO. OF ITERATINN.SET IN CALCULATING THE

... 'MOLAL VOLUME OF METHANE,I.E. Z - FACTORS

IR R N

oA N R R & b R R R R % R R R % % K K % % ok E K K ok

"SUBROUTINE FLUTD(I 1 ICONT 6, TTHAX P, T, TA, MU, Z)

REAL MU(qo),Muo ' ' ' ' :
DIMENSTON AA(S),BB(B) XX(S),ZZ(S),C(S) P(40).T(40), .
S12(40) :
DATA AA/-2,2769,0, 05587 o 01855,-0. 01587, 128300 /
 DATA BR/148.643.758,66.98/
- DATA XX/SO#.,SZZ.,SéO.,558.,576 /
PATM=P(1) /14,696
. TA=T(L)Y+459,7 S T
“TK=TA/1.8 - . = , o B
GO TO(11,22433),ICONT : -

:ooo-oooo" FOR NITRDGEN . ooo;c;

11 7Z(1)-.999Q86E 00 .370971E OB*PATM+ 211789E Ob*PATM;'
1%% 2+, 702961 E=08%PATM* %3 .
7Z(2)—.999985E OO-.268006E 03*PATM+ 211419F OS*PATM
1Rk 24, 524241E-08%PATM*%3 | o
72{3)=.100000F 01—;1838136 03*PATM+ 211419E OS*PATM 
- 1**?+ 263T40E-08%PATM*%3 «
- 12(4)=,.999667E OO~.388886E~03*PATM+ 988604F OS*PATM
;1**2+ 488241 FE- O7~PATM**% ‘
: 7Z(5)—.100000E 01—.405702E 04*PATM+ 198?36F OS*PATM
rl**?+ 3?517SE OQ*PATM**B
MU(I)—IOO 0*(.1778E —03%(],+, 8958E 03*(PATM— .)+ 61?F'
*-Q 6 : .
1% (PATM~ 1.) %k 24, 3997E 07»(PATM 1.)**3)+ 455E 06*
~~?(((T(I)—-3?.)/1 8- 25.)) ‘ o
Gﬂ T0 44 :
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Taw

SUBROUT INE - ‘FLUID o e+ (CONTD)

‘.'...;‘..»”' FORARGUN ;..;oon‘

22 ZZ(l)—.100004E+01— 881571F OB*PATM+ 180764F OS*PATM

1»*2+ 403805E-08%PATM*=%3

7Z(?)—.100003E+01— 75?411F 03 PATM+ 173591E OS*PATM
1%%2+ , 32502 3E-08%P ATM*%3 :

7Z(3)—.100001F+01—.63€479F 05*PATM+ 156902F OS*PATM-v
1%%2+ ,314538E-08*%PATM**3

ZZ(4)<.100003E+01— 543677E OB*PATM+ 164908F 05*PATM

'1**2+ 154 703E-08%P ATM*%x3

72(5)=,100003E+01~. 458263E- b3*PATM+ 161105E OS*PATM:
1%%2+ 68452 1E-09%P ATM*%3
\MU(I)—IOO *(.2262E 03*(1 +, 8945E 03*(PATM 1.)+ 4930F
%-05 ’

‘1*(PATMv1.)**2—.7200E 07*(PATM 1.)**3)+ 6370E 06*-.
.2(((T(I)—32.)/1 8)-25.)) ‘

4t

Z(1)=0,

. PO 20 K= 195

15
25
20

C(K)=1, -~ .~ . L
pD 25 J=1,5 = RO EE O
TF(J-K)15425,15 ' '
C(K)=CERI*((TA- VX(J))/(XX(K)—XX(J)))
CONTINUE -~
Z(I)-Z(I)+C(K)*ZZ(K)’

-GO 7O 10 .

ose

-~

..;;.... FOR METHANF AT

TR

_ft**#***m*****************»***********+****#*********.f;
E# ' *

eees THE MDLAL VﬂLUME AND Z - FACTOR CALCULATION oo
eeees BY THE: BEATTIE BRIDGMAN EOUOTION OF STATE ;.r

ok S

'***¢*r*«*************&*******#********4******#******

esee COMPUTE TEMPERATURE ~DEPENDENT pARAMETERS_....;;_f

33

R=0. 08205,‘_ : ' '

BETA= R#TK*AA(Z)-AA(1)-R*AA(S)/(TK*TK)
'GAMMA--R*TK*AA(Z)mAA(4)+AA(1)*AA(B)-R*AA(S)*AA(Z)/
CLOTKETK)Y - :

DELTA R*AA(2)*AA(4)*AA(5)/(TK*TK)

7;;;; USE IDEAL GAS LAW. FOR FIRST VOLUME ESTIMATE coee
b , .
Ev R*TK/PATM ;

Cenes REGIN NEWTUN METOﬂ ITERATInN';;.;_'J

DO 30 ITER:I,[TMAXJ.

s
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118

SUBRDUTINF FLUID - - ...(CONT'D) R

DELV—(((((—PATM*V+R*TK)*V+RFTA)*V+GAMMA)*V+DFLTA)*V)/
CLLCERETKEVH 2 *BFTA)*V+% *GAMMA)*V+4.*DELTA)
V= V+DFLV . co

s CHECK FOR CONVERGENCE .;..~

'IF(ABS(DFLV/V)—O 00001)40,40.30
7(1)—PATH;V/(R*TK) ' o
WM=28, 97%G
CTD=TK/BB(1) _ e
RV=0,697%( 1.+0. 323%ALNG(TD)Y . .
MU0 =0, OO?bemSQRT(wM#TK)*RV/BB(Z)* %2
GD= PATM/(?(I)*R*TK 1000.) ' '
RO= BB(3)*GD.‘

.\’

. MUCT)=MUOx (1. +(((o 61*RD+O 96)*RD+0 5))*RD)/(TK*
. *%0,59)). . .

.. » 30.

50"

19

60 1010+ L
‘WRITE(é 50, e ' ' ' ' o
.FURMAT('O',ZOXv’NU CONVERGENCE AT ITMAX')

RETURN | : L R

v FND
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i . 'y S ) : ‘
SUBROUTINE  DESGN . " .

’t*****x&*x<**><<f**-*'*‘****#******.

T CALCULATES THE ND BY NP DESIGN MATRtx D USING
THE PARTIAL DERIVATIVES OF THE FUNCTION F(I) WLTH
RESPECT TO UNKNOWN PARAMETERS K,ByAND FB

x

*********‘*.n‘:#*ﬁ* ***********

PR

Lo,

“,QUBROUTINE DESGN(NDyAl,AZ HyG) D E) -

.REAL MU(AO),MUTZ(éO)

DIMENSTON D(40,3),E(40) '

‘C OMMON . pE(4o>,Pw(40),o0(40).F(40) PAR(B)oMU MUTZ .
NO 10 T=14ND . - ’
F(I)"(PN(I)**2+1424 *MUTZ(I)*QO(I)*AI/(H*PAR(I))

1-2.%PAR(2)%(PE(1)~=PW (1) )+0, 31602E 1]*PAR(3)*G*MUTZ(I)

2*00(1)*00(I)*AZ/(H*H*MU(I)))**O 5
(I 1k=-T12. *MUTZ(I)*OO(I)*Al/(H*PAR(l)*PAR(I)*F(I))
D(I,Z)”—(PE(I)~PW(I))/F(I)
D(1,3)=0, 15801E 11*G*MUTZ(I)*QO(I)*QO(I)*AZ/(H*H*MU(I)
-2 -3
10 Ef1)= PF(I)—F(I)
RETURN 3
END
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SUBROUTINE  SHEN1

ko Kk *'* KA X kK *.*‘* iﬁ#* ok oK KR K %%

10

'SUBROUTINE’SHENi(ND,NP§DyA)

g . ,
1T FORMS THE CNPBY. NP "MATRIX A THROUGH

'POSTMULTIPIYING DESIGN MATRTX D HY ITS TRANSPOSE

,:..'x:***xt*-*_*#‘***#*****dt*#****

T Mg

DIMFNSION 0(40 3)y A(3y3)

N0 10 L=l NP oo

NO. 10 K= IvNP

ACT,KI=0. - R
‘no 10 J=l.ND D

-

ACT KT= A(IyK)+D(J,K)*D(JyI)
LL=NP-1 '

nO 20 T=l,lL R S
C1l=1+41 I 7‘“_: P
Do 20 J= II,NP ’ T R

20,

A(dy TI=ALT Y . O R
CRETURN - o oL

END

e #

120

'* n
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 SUBROUTINE  INVRT .

TR TR R TS T R

Rk Kok o R R N Rk R R R R R X R ROF o % kR %
7IT INVERTS THE M. BY M SYMMFTRIC; POSITIVE DEFINITE
MATRIX A AND STORFS THE RESULTANT INVFRQE UNDtR THE
_ . SAME NAME
M= ND.. OF -PARAMETERS IN THE ERRNR MODEL I.E. NP
DET= THE DETERMINANT- OF MATRIX A : :
IF KK=1,. MATRIX A CANNDT BE INVERTED AND
= ~ COMPLETED . - ( : R
"IF.KK=2, INVERSION IS POSSIBLE AN HAS AURFADY ’é§' %
BEE BEEN COPLETFD : _ , v
. . g .o%
% kX * ok ok K & R % * % * X% * £ % % % * R -

~SUBROU?INE’INVRT(A,NP;DET.KK)

:DIMENSION A(3 3)18(313)1R(313)1S(393)vTUL(3)

-PHASE 1. COMPUTE THE UPPER TRIANGULAR MATRIX R, WHICH

wILL GIVE_MATRIX A .WHEN MULTIPLIED BY. ITS
Y TRANSPOSE
THE DIAGONAL ELEMENTS NE R QHOULD BE GRFATER THAN
ZERO, THE TOLERANCE FOR THE. J TH. DIAGONAL ELEMENT, .

'DENOTED BY TOL{J),IS ARBITRARILY SET EQUAL TO THE

12

-+ 10

o

J. TH. DIAGONAL ELEMENT OF MATRIX ‘A TIMES 1.0E-8.

FPS=1,0E-8

TOL(I)"EPS o - : R

1F (A(l,l)—TOL(l)) ._18118,12-. ' S
R(1l, ll-SORT(A(I,L)) - o S
NO 10 K= 2yNP - o : : .

R(1, K)—A(vi)/R(L'l)x

DO 20 J 2yNP.. ' '

dd=d-1

17
19

No 30 1=1,4J

jTOL(J)“ABS(EPS A(JrJ))
go 20 K=J NP -

(JyK) =04

S(Jy K)—S(J;K)+R(I,J)wR(I'K) “15  1_,} :

~fB(J9K)’A(J’K)"S(J1K).‘

TF (J=K) -15¢17,15"

TF (BLJoKI=TOL(J)) 18, 18,19 '
JR(J,K)-SQRT(B(J,K)) T
60 T0 200 - N P AR U
15 | U A

23

R(JvK)—B(JsK)/R(JoJ)

.CONTINUF
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SUBROUTINE  INVRT L. (CONT'D)

PHASE 1 6hMPLETED.

:CDMPUTF THE DETERMINANT R o L

.
-

DFT 1.

DO 40 I=1,4NP -

~ 40
U DET=DETH?

DET=DET*R(I,1)
B(I,y I)=1./R(I,41)

" PHASE 2, COMPUTE THE. INVERSE OF A BY PDSTMULTIPLYING

.95

THE INVERSE OF R By ITS TRANSPOSE

MM:NP—I‘

no 60.L=1,MM

CL=NP-L

[1=1+1

NO,60 K=1T, NP

S(I KY=0. -

NO 80 J=211,K

Si1, K)—S(IyK)+R(I,J)*B(J9K)

=B, K)-fS(I,K)/R(IyJ) '

DO 95 T=1,NP.
NO 95 K=T,NP
A(I,K)=0.

NO 95 J=K NP 0

A(T, K)—A(I,K)+B(I J)vB(K J)’

N0 96 1=1,MM

EIR A 53 U5 RN "';A-‘ ' ' .

96

18

90

‘no 96 J=11, NP

A(Jy[)“A(Iv\”
KK=2. . = '

GO T0 90

KK=1

RETURN
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- END

/" SUBRDUTINE SHEN2'

123

;_*»*#* kt****v********‘*:#***

IT CALCULATE§ THE VECTOR ‘C(NP)

'ERROR VEFTOR E(ND)

B ok d K k& % &

'DIMFNSIDN 0(40 3),5(40),6(3)

NO. 10y I=1,NP"
C(I)—é

DO 10° J=1,ND

BY THE" TRANSPDSE OF - D(NDyNP)

SUBROUTINE SHENZ(ND,NP;D,E¢C) -

C(I)—C(I)+D(J115*E(J)

RETURN

Cowog %k B Ok % K%

BY POSTMULTIPLYING

e

¥* .

3 3 3 o -
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 SuBROUTINE SHEN3

*;*****w'*****k*************4

-'IT CALLULATFS THE VECTOR S(NP) NHICH GIVES THE.

DIFFFRENCF BETWEEN. THE PARAMFTFRS AS FSTIMATFD BY
TWU CONS&CUTIVE ITERATION o

%% & ook KX *_*.* R I T T TR T

’ ;SUBROUTINE.SHEN3(NP,A,C,S) .

19

_DIMFNQIDN A(3 3)vC(3)1S(3)
N0 10 I=1,NP. o :

St =0.

no - 10 J=1yNP .
S(I)*S(I)+A(17J)*C(JY.

RETURN

END -

* 3 %

124

JETRR e

3



PART II. SaI1ent Po1nts of the Proposed Sem1 Graph1ca]
Parameter Estimation Technaque

. The FORTRAN computer program. DISCRIMINATION presented in the
,foIIow1ng pages performs a 51muItaneous linear Ieast squares f1t to
| the Klinkenberq and the M0d1f1ed V1sco-InertTaI P]OtS»tO est1mate the’

values: of K, b, and FB by us1ng the three proposed data dwscr1m1nat1on

. methods

The subrout1ne programs to be used w1th DISCRIMINATION are.
‘LFIT and METOD | :
‘-, 'The 1nput data requ1red by DISCRIMINATION are as foIIows

- number of d1fferent data sets, ISET

-+ rock sampIe d1menswons, P r , and h
. v Sk
- spec1f1c gas grav1ty, G, -

- starting number of polnts;'NSf. -
= number of points(in each data set, ND
"— and- the processed exper1menta1 flow data,
N MUTZ MU, Q |

where

e W7 = l—J T 5
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“ RV

DISCRIMINATION MAIN

7

‘ *******ﬁ****#*ﬁ**##*****kx d ~r*¢4***%w*w#***~*****
o *
A SEMI- GRAPHICAL PARAMFTFR F%T[MATION TfCHNIJUF *
' %*
1T IS A QIMULTANEOUS LINEAR LEAST. SQUARES FIT TO - %
KLINK FNBFRGY AND MODIFIED VISCO=INFRTIAL PLOTS TO *
NBYATN THE VALUES NF PARAMETERS LY AND. FB %
- S BY ' S
USING  THE PRUPDSFD NATA DIQCR!MINAIION METHODS %
GIVEN AS = , L %
o o - o T
METHOD 1. TO FIND THE REST FIT FOR THE *
. KLINKENBERG PLOT,I.F. R{MAX) *
METHOD 2. TO MATCH THF VALUES OF KV AND.KI %
. ’ C1.E. TO FIND THE MINIMUM RELATIVE
»ERRDR ERRK4BETWEEN KV eyn KI . %
METHOD 3. TO ESTIMATE THE REYNOtpg NUIMBER
.. leFs IF REYNOLDS NUMBFR,NRE,IS %
LESS THAN 0.01 THEN THE POINTS %
ARF IN VIScnus REGION ‘ %
3
N MFNCLATURE , ' %
NS = STARTING NO. OF POINTS FNR THE" LINEAR LFAST S
"~ -SOUARES FIT.0OF THE KLINKENRERG PLOT %
NV = NUMBER OF DATA POINTS IN VISCOUS REGION. %
NI = NUMBFR OF DATA" PNINTS IN INERTIAL REGION %
= THE COEFFICIENT NF VARIATIN FOR THE FIT TO %
THE KL INKENBERG PLOT » *
"RI' = THE COEFFICIENT. NF VARIATIN FOR THE FIT ro *
“THE MODIFIED VISCO-INERTIAL PLOT - C %
~ INEFF = INFRTIAL EFFFCTS  ~ , S g %
CVSEFF = VISCOUS EFFECTS 5 ' Tk
SLEFF = SLIPPAGE EFFFCTS R "n'f'f i
"NRE = THE REYNOLD NUMBER ' %
ERRK = THE RELATIVE ERROR RETNFFN KV AND KI. %
KV = ESTIMATE OF THE PFRMEABILITY FROM THE %
.~ KUINKENBERG PLOT,IN MILLINARCIES o
B = ESTIMATE OF THE SLIPPAGE CNEFFICIENT FROM THF *
: KLINKENBERG, PLOT,IN PSIA %
. KI '= ESTIMATE OF THE PERMEARILITY FROM: THt MnnIFIED %
. VISCO-INERTIAL PLOT,IN MILLIDARCIES =~ . %
FB = ESTIMATE OF THE INERTIAL COREFFICIENT,IN, (1/FT) *
NOTE 4., SFE THE COMPUTER PRINT NUT PRESENTED ENR =
' ' 'THE GAUSS=NFWTON METHOD™ FOR ADDITIONAL .
i - NDMENCLATURF REQUIRED . ¥
_ & L } L%
#*****#*******#*****************************#**g?**&#

g

*

e
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 ,DfSCRlMINATION MAIN ... (CONT'D)

.‘\'/'

\RFAI MU(%O).MUTZ(GO) KV(QO),KI(GO),INFFF NRF(éO)

DIMENSIHN PE(40) RW{40) 1Q0 (40 )4 HEAD(12),XV(40),
1YV(40)vR(40)yS?V(40) sRV (40) 4 XTI (40) YI(4O),YIM(40)1

,2x1M(40),r8(40),521(40),RI(40),ERRK(40) -

DO 1 MM=1,1SET

. READ(5,10)6

10

15
. 20]

.25

40

- S2VI(NV)=S2
2 44

45

4v - 'NRE(NV)')

C . JJ=0

QO ( BY=MUTZ( 1))

CREAD(5,15)NS

CWRITE (.

) FORMAT(5E13.6)

S KLINKENBFRG PLOT  wese’

REAND(H415) ISET.

v S : )
READ(S, 5)IRERWH el

FORMAT(3F10.5) - )
FORMAT(F10,5)

READ( S, 15)ND h

o

READ & '(HEAD(JJ,Iai-12r¢- S -

vZS)(HFAD(l)vI 1, 12)
FORMAT (' 184/ ////35X412A4%). : :
READE S, 30)(PE(I),PN(I),MUTZ(I)1MU(I)1QO(I)71—19ND)

CA=1424. RALUG(RE/RN)/H -

DO 40 T121,ND N ' -
YV(I)-CA“MUTZ(I)*QO(V)/(PE(I)**2 PW‘I’*%Z’
XV (1)=2, /(PE(I)+PW(I))

"MFE=ND-~ 3

nO 44 NV= NS,NF
CALL LFIT(NV,YV, XV AL, AO S2, R)
KV(NV)=AD , o
B(NV-}=A1/AO"
RVINVY=R S
WRITE(6,45) : Ty .
FORMAT(.//18X,'A. SEMI- GRAPHICA% METHOD OF 1

1'PARAMETER ESTIMATION'/14X, 41 oF. A SIMULTANEDUS. "
2'LINEAR LEAST SQUARES FIT TECHNIQUE‘//IOX,' | ,
3NV BINV) KRV KINTL 0 BN

<

Chee MODIFIED vrsco INERTIAL PLOT ree e

CB= 0 31602F ll’G*(l JRW=1, /RE)/H**Z
PO 50 NV=NS, NF o

J= NV+1
N0 60 T1=JyND"
YI(I)—(PF(I)«»Z PW(I)»*2+? *R(NV)*(PE(I)—PW(I)))/

XI(1)=00(1)/MU(1) L.




g FDRMAT(SX,IQ,IX S(Ell 4y IX})f

'sksksksl

99 FORMATH /

128

DTSCRIMINATION MAIN. . us (CONTTD)

JJ=JdJ+ 1
YIMOJS =Y I(T)
CXIM(JJ)=XT(T)
67 CONTINUF
NT=JJ
CALL LFITCNI YIM, XIM Al, A0y§2 R)
KI{NI1}=CA/AO _
FB(MI)=A1/CB
TS2T{NI)=S2
- RI(NEI)=R : '
o FRRK(NV)=100.v(KV(NV)—KI(NI))/KV(NV) _ : R
CSLEFF=2.%B(NVIR(PE(NVI=PW(NV)) . -
VSEFF=CA%MUTZ(NV)%Q0 (NV)/KV (NV) o R
 INEFF=(CB* FB(NI)+MUTZ(NV)*QO(NV)*~Z/MU(NV)
‘NRE(NV)=INEFF/ (VSEFF - SLEFF)
C IF(NI-4)66,50;50 . '
50 WRITE(6,70)NV, B(NV),KV(NV),KI(NI),FR(NX),NRE(NV)

AR

cess DATA DISCRIMINATION METHOD§ .o S x
TCONT= IFVFTHOD 1 « FINDING THFE REST'FLTyI Fo RV(MAX )
TCONT=25MFTHOD 2 + MATCHING K VALUES,I E. KV AND KI *
ICONT=3,METHOD 3 . REYNOLDS NUMRFR CRITFRION» : o

66 DO 22 1CONT=143
 _CALL METON(NSyNF,ND,ICONT, RV  ERRK NRF,NN NI)
GO TO(B0,B85,8R8),ICONT =~ ~ S

8) WRITE(6,90)NN,RV(NN},NT, RI(NI) :

90 . FORMAT(/10X+'DATA DISCRIMINATION MFTHDDS'//IOX,» _
1'METHOD 1. FINDING THE BEST FLT 'FOR THE KLINKENBERG!' -
2' PLOT'/20X,'1.E. THE MAXIMUM CORRELATION COEFFICIE!:
BUNTY /30X, P NV=1,13,5X,'R{MV)=4,F6, 3,1X,'(MAXIMUM)'-

G/30 %Xy 'NI=V, 13, 5X,'R(NI)—',F6 3) Ok
607022 - - S
B5 WRITE(6,95)NNNI FRRK(NN) , S S

_95 FORMAT( /10X, "METHOD 2. MATCHING THE VALUES OF K.t
1'FROM THE KLINKENBERG' /26X *AND MODIFIED VISCO—'J : ST :
3VINERTTAL PLOTS'/20Xy'1.E. THF MINIMUM RELATIVE - T
“4UVERROR BETWEEN KV AND KT'/30X, 'NV*',13/30X 'NJ= ,13/ , ' _
»6?4X,'ERRK(NV) ',E1ll. 4,1x,7(MIN. PERCENT)') SR

' GO TO 22 e
88 WRITE}é,rﬁ}NN JNT, NRE(NN) '
Xy'METHOD 3, THE RFYNﬂLDS NUMBER CRITFRIDN'.
1',1.: THE. POINTS "ARE! /20X "IN VISCNUS~-REGION IF' '
NRE" TS LESS THAN 0. 01'/30x,'Nv—L,13/3ox,'N1 '313/

2?SX,'NRE(NV)— ,tll 4)' o ) _

22 CONTINUE

1 CONTINUE .

CALL EXIT ~ .

FND S
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CSUBROUTINE  LFIT
_t***#*ﬂ****** %% **************~*******»**************
) %
" IT PERFORMS A LINEAR LEAST SOUARES ESTIMATION FQR %
(THE GIVEN DATA PAIRS DF Y AND X, (Y;X) . * %
| ‘ s
IT ALSO CALCULATES THE COEFFICIENT 0F VARIATIDN,,R’ %
AND THE:VARIANCE, S2 10F THE FIT | B
*

ﬁ***¢*¢¢**ft*t~****a* *r**********#******x*¢$* A gokok ¥k

QZSUBRGUTINE'LEIT(N;Y,x,A1!Ao}sz,R):.

, DIMENSION X(#O),Y(40)
CXSUM=0, .
PO 5 I=1,N R S
XSUM= XSUM+X(I) , S
RN=N . : o ‘ o
XBAR=XSUM/RN
SUMZ= 04y
SUMX=0.
 SUMY=0., )
- SUM2X=0. s
SUM2Y=0, S S
SUMXY=0, A
DISK 10 I"ly ST
SUMZ=SUMZ+ X (1) ~XBAR
CSUMX=SUMXEX(TY oy i o
. SUMY=SUMY+Y(T) e Vo
 SUM2X=SUM2XEX (T ) %52 R W
C SUM2Y=SUM2Y#Y (1) %%2
 SUMXY= SUMXY+X(I)*Y(I)Y'
C=N A
Al= (CHSUMXY- SUMX*SUMY)/(C*SUMZX sumx**z) '
AQ = ('SUMY=AL%SUMX)/C o : '
S2=(SUM2Y—-A1%SUMXY- AO*SUMY)/(C 2.)
- S§0=82%(1, /C+XBAR**2/SUMZ) :
S1=S2/SUMZ
R=( C*SUMXY~SUMX* SUMY)/SORT((C*SUMZX sumxv*z)
1 CESUM2Y - QUMY**Z)) :
RETURN : ~
CEND
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~ SUBROUTINE = METOD

*4***u**¢******»**»»#********x***##**x¢** %*********#

#

ZIT DISCRIMINATFS THF FLOW DATA BY APPLYING THE . S

VARIOUS DATA SPLITTIG METHOD% AS SUGG&STED Sk
' %

***»* %k **********»**~***- *** »*******¢**** Aok Fkok

'QUBROUTINF METOD(NS NF ND ICDNT RV ERRK,NRE NN,NI)

‘REAL NRE{40)

- DIMENSION RV (409, ERRK(hO)

: JGO TO(ll ?2 33)yICDNT

. . . (II
ceve e MFTHOD 1 -o’coo. . 2
RMAX= RV(NS)

LL= NS+1 :

' DO-10.NV=Li \NF .

,,15

10

22

37

TF (RMA X~ RV(NV))15715 10'-‘-
RMAX=RV(NVY) o B -

”NI=ND%NN

CONT INUE

G010 20 ',,-,"‘ , E

. ..i.:: MET"{DD g 2 . ..4. ¢ ° .0

SMALL=ERRKLN5)

CLL=NS*+1
NO .25 NV=LL4NF.

IF(ABS(SM%LL)-ABS(ERRK(NV)))25,?5 30
SMALL ERRK(NV) '

L NTEND-AN o o
.25 A o -
- 60 .TO 20 R S o .

CONTINUE ~ + /-

.'.’.o.o.'.Ao' METHDD 3 blol;cro.v,

i3

44

40
20

no 40 NV NS, NF . L
IF(NRE(NV)~-C. 01)40 oy 45; '
NN=NV 7 B

NI=ND=-NN
Go 1o 20 - o LT o o : -
NN=NV=1. 7 g LT
" NI=ND-NN ’ SRR e . ‘ R

GO TO 200 -0 e
CONTINUE e e
RETURN. -

END .
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~ TABULATED RAW EXPERIMENTAL DATA




B Remarks B
The foTTow1ng Tabﬁes C'T through C 26 contaln the observed
;'flow data for the rock sampTes used under dlfferent conf1nement }'
pressures o B |
Each tabTe has an 1dent1f1catlonacode wh1ch 1nd1cates the
appT1ed net conf1nement pressure P (ps1g) the run’ number on that
_part1cu1ar sampTe and the gas used as.the f]ow1ng fTu1d vTh1s_code 1s f,‘;if
7Pnc - Run No B Test FTu1d |
ATT the runs are conducted under the Test Method Case I
' un]ess spec1f1ed otherw1se | s »
These data are tabuTated under a totaT of e1ght coTumns, fb~‘
:‘>W1th abbrev1ated descr1pt1ons, wh1ch may be. expTa1ned 1n deta11 as
' foTTows o | ’ o
CoTumn_Number o S T : Exg]anat1on '
L ‘Tg ER '7'Ser1aT number 1nd1cat1ng the observed number ’fv , SR
2 iBarometr1c Pressure Pb’ in cent1meters of o nj".T'
°,v33'”““ g ‘,Upstream Pressure P ,.1n p51g or 1nches q‘gi L
S o ‘,of Hg* ey : S SR
'”,'4 I - " ‘Downstreani Pressure P s 1n 1nches of H20 :_'f-}* 3
‘ oo Hg* %r 1n p51g** f3 Co . . R
5 . _;-h -"Upstream Thermocoup]e Read1ng, TC N 1n “_Id' ‘
S -m1111voTts S ‘ ih :
) o (‘ ’ : . ' _-'. O'
6T L Bownstream Thermocoup]e Readwng, TC , 1n _
S "_m1TT1voTts I _
m
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‘Column Number :  N Exg?anation “
 7'  . Volume 6f:gas,~V-,'passea‘dufing'the¢tihei' o
S - recorded .in column (8); in ¢c and in cuft*
L or cuft**‘(correet1on due to. calibration). ‘
8 - ) “Arwthmet1c mean time, tm, for several\repeated

. measurements, 1n SECOHdS.

P - : , .

»




y R
fTABLE C-1 -
* _OBSERVED ‘DATA FOR SAMPLE LS-1
001, Ny
1T e 3 : S5 6 7 8
(ND)  (P) o (Rg) (P,) (16 - (1c)) (V) (t)
170025 1;98*,"0.00 ~20.841°0.831 “100,0 - .610.0
2 '70.25  2.50* . 0.00 - 0.850. 0.835° 100.0 . 460.0°
3 70.25 . 3.50* .0.00.  0.850 . 0.835 100.0 . . 325.0"
4 . 70.25 . 4.50% 0.00 0.860 . 0.845 '100.0- . 248.4
5. 070.25  5:70* " 0.00 7 0.860 0.845. 100.0  194.0-
6 70.25 7.10 0,10  0.860 0.845 ~ 100.0 - - 154.0
7 70.25 8.70*  0.15.  0.865..0.850 100.0 - ~ 122.4
8 -~ 70.15 . 11.00% 0.20 . .0.870 0.8 -100.0 93.8
9= " 70.15 - 13,00 0,30 . -0.868 0.854 -100.0- - 78.0 .-
10~ 70.15 ---15.50* -0.35  0.868 ~0.854 -100.0 - - 63.6 -
11 - -©.70.15 . 19.00* 0.50 . 0.868 0.854 ‘100.6. . 49.5°
12 7 70.15 . 24.075* 0.65, - 0.868° 0.854  100.0 -  37.4
13. 70,15 :30.00* -0.90 - 0.868 0.854 100.0°. . .28.2
14 70.15 37.00%* ~ 1,10~ 0.870 . .0.855 100.0 .° = 21.5
15 70.00 45.05% . 1.70 0.880 0.870 * 100.0 - " 16.4°
16 -- 70.00 54.20%* 5,90 . 0.890° 0:880 .1.040%* .3780.0
17 270,00 © 32.05 0.50% - 0.890 - 0.880 . 1.031** 2899.8
18 70.00 35woo Y 0.55%° 0.900 . -0.880 - 1.032%* ., 2460.0
19 '70.00 40.00 . ,0.625% 0.900 - 0.880  1:027** " 2115.0
20 -.70.00 45,00 '0.70% - 0.900 . 0.880 ' 1.022%*'. 1778.4
2 7o.oo,,<‘51.975 0.85%  0.900-.0.880 1.021** .1444.8
22 7 . 70.00 60.00 - " 1.05%  0.900 0.850 - 1.021%* 1172.4 -
23 . 70.00 70‘00 ©1.30% . 0.900 - 0.850 ~ 1.013** . 927.6
24° " 70.00 . 8I. 975 1.85% - 0.900" 0.850 . 1.012%* - 733.8
25 °70.00- - 94.00 - - 2.45% - 0,900 .0.850 ~ 1.010%** ° 600.0.
267 70,00 120.00 4,25% ~ 0.900 0.865° .1.000% . -414.0
27- . ©170.00 150.00 -~ 7.30% ' 0.900 0.865 1.000% . '297:0
28 . 170,00 - 196.00 T13.05%*  9.900 -0.865 1.000% . 211.5,
29 . 70.00 -239.80 22.15% 7 0.910 - 0.875 1.000%-. - 115.%.
307 -~ 70.00 . 300.40 “35.70*.° 0.910 -0.875 1.000%: 110.7
31 70.00. -399.40 ~ 30.60**.0.910 0 8805.-];000*,“~ 77.0 -




OBSERVED DATA FOR SAMPLE Ls: 17

’;TABLE C-2-

o S 600 18, A ;",' R
2 3 4 5 6 7 8
(ND) - (Py) (Pe) ' (P} (7C,) (TCw)A_ LD O §

1 69.85 _ 2.30* .0.00. . 0.825 0.810..100.0 - 628.0
2 69.85- . 3.00% 0.00 - .0.830 0.815 100.0 = - 48I.
3. 69.85 4.10% . - 0.00 0.830 . 0.815 ~100.0 ~ . 342.
4 . 69.85 . 5.30* 0.00 " 0.830 .0.815. '100:0 - 262.
5 69.85 ~ 6.75% ~.0,00 - 0.830 . 0.820 " 100.0° - . 202.
6 . -69.85  8.30% - 0.00-+ 0.830 0.820. -100.0 . - 161.
7 69.85° .10.05* 0.00--- 0.830c .0.820 1000 130.
- 8 69.80 - '12.55% 0.10. 0.830 0.820° 100.0 - 101:
9 69.80 - 14.95* . 0.25 - 0.830 .0.820 -100.0" - 82.
10 - 69.80 . 18.07* 0.35 0.830 -0.820 100.00"  66.
11 -, 69.90  20.15*  0.50.  0.780. 0,772 100.0 > 57.
12 0. 69.90 - 25.25% -0.60 -~ ~0.786: 0.776 100.0 . . 43.
13 - 69.90  30.10% 0.80 ~ 0.792° 0.782 100.0- - 35.
14 7 769.90  38.15* 1,15 . 0.795 0.785 .100,0 . .25,
15 69.90° . 48.00* = 2.80 .* "0.800 - 0.790 "100.0 . . 19.
16° 69,90~ 58.95% -5.00 ' 0.800 -0.790. . 1.030** .4200.
177 769.90 ©31.95. - 0.40% . 0.810. 0.798 -1.018** - 3624.
18 ° -.69.90 . 36.05 _0.49*  0.812 ~0.800 . 1.009** = 3030.
19~ 69.60 - 40.20 “%0.38*  0.780 0.765 - 1.009** - 2583,
20/ \ 69.60  45.00 - 0.48% - 0.782- 0.772 1.000% ~ 2766.
2\ }69.60 . 52.00 _ 0.60*  0.790, "0.750 . 1.000%.. 1776.
22l 769.60 - 60.00  0.80* . 0.792  0.765 -1.000% - 1431,
23 69.60 . 70.00 . . 1.10*  0:792 -0.765 1.000* - 1138.
24 .. 69.60 . 82.00° 1.52* - 0.792 --0.772". 1.000* - 897.
25 69.60 94,00  2.20* - 0.800. .0.780: 1.000% - 730.
26 69.60 120.0°  4.10% = 0.800 - 0.780 - 1.000*" - .504.
27 69.60 © 150.00 " 7.15% ~ 0.800 0.780 1.000* .- 364.
28- - 69.60 . 190.00 - 12.65% ° 0.800 .0.780 1.000* 256.
29 69.60 240.00 - 21.55*  0.810 0.790 1.000* : -182.
30. . 69.60 300.20 - 34.75%- . 0.810 . 0.790 -.1.000*% -

PRONOOS N o-_cb_o'cjooooQONomoqoooo'o
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 TABLE C-3
" OBSERVED DATA FOR SAMPLE LS-1
| - 600-1C, CH, -
T2 38 5 6 7T .8
) () () (R) (1) (16 ()T
1 69.75 - ‘T.50* - 0.00.  0.860 0.850 100.0 500.0
2 69.75 - 2.30* - 0.00  0.860 0.850 100.0 - 328.0
3 69.75 - 3.125% 0.00  -0.860 0.850.  100.0- - 234.0°
-4 69.75  4.050* 0.00 0.860 - 0.850 - 100.0 - - 178.5
5 .69.75 - 5.50* 0.00 . 0.860 0.850 100.0 . 130.0
6 69.75 . 6.75%  0.00  0.860 ' 0.850 -100.0  104.0
7 . 69.75 . 18.30* - 0.00 - -0.860 0.850- 100.0 83.0 .
8 . 69.75 . 10.10* . 0.000  0.860  0.850 100.0 ~ . 66.0.
S 97 69.75° 12.55%+ . 0.10  0.860 ~ 0.850 - 100.0 .  51.4
10 69.75 14,90 . 0.15° - 0.860. 0.850 100.0 42.5
1M 69.75  18,10%  0.30 0.860  0.850 . 100.0° . . 33.6
12, . 69.75 21.10* 0.40  0.860 0.850 " 100.0 - 28.0"
.13 69.75 25.85%  0.60° . 0.860 0.850 "100.0 . - 21.8
14 69.80 15.00 - 0.175% .0.855 0.845 1.015** '5109.0
15 69.80 18.00.° '0.240%  0.865 0.845. 1.023**  4086.6
16 69.80° -21.00 . 0.275 0.860 0.850 1.019%* ' 3330.0 .
17 69.80 . 25.00 - 0.30%  0.860. 0.850 1.013%* 2625.0 -
18- 69.80 30.20  0.40% - 0.855 . 0:845  1.010%* 2025.0
19 69.80 .35.00° . 0.48%* = 0.855 ~0.845 1.001** ~1635.0
200 69.80 ' ‘40.00 . 0.52* . 0.860 . -0.850 1.003** 1353.0
21 69.80.0 45.00 0.69* . 0.860 0.850 - 1.000* - 1150.2
22 69.80 52.00  0.82% . 0.860 0.850 1.000*  -927.6 -
23 -69.80-'60.00 - 1.06% 0.860 0.850 - 1:000% > 757.2
24 69.80 70,00 ~ 1.425% ° 0.860  0.850  1.000* . 603.0
25" . 69.80 82.00  2.05% 0.865 .0.850 . 1.000*  477.0
26 69.80 94.15 . 2.85% . 0.865. 0.850 1.000% - - 390.0.
27 0 69.80- 120.00  5.225% 0,870 " 0.850 - 1.000% © 274.2
28 69.80 150.00  8.95%  0.870 9.850 . 1.000% = 199.2.
29 - 69.80 190.00  15.625% . 0.865 - Q.850 - 1.000%  .141.0
30 - 69.80 240.00  26.25% . 0.865 -0.850 1.000* - 103.5
31 69.80. 300.20  41.65% _ 0.865 0.850 1.000% . -77.5
‘- ;
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" OBSERVED QaIA.

CTABLE C-4

.

OR SAMPLE 1S-1 -
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. : !
N I . ‘6 .7 - .8
(ND) (ip) ) ,(Pe), P (TCW) (V)  (§m)
-1 69.60. 1. F 0.895  0.881 100.0 1187 oo S
2. 69.60 1. 0.9 0.890° 100.0 - . 844.00
'3 69.60 2. - 0.900 0.890  100.0 . 586.50
4 69.60 - 3. 0. '0.850- 100.0 384.60
‘5. 69.60 4. - 0.¢ 0.852  100.0 - '284.20 -
6 '69.65. . 5. ©0.900 . 0.890 100.0 - 223.80-
7 69.65 .~ 7.0 0.9 0.894 100.0 - - 155.75

8 69.65 9.0 g 0. 0.894 * 100.0 117,60
.9 69.65 - 12. i . 0.920-  0.894 100.0° . ~ 85.50.
10 - 69.65 -15.00% 0} 0. ©0.894° 100.0 - :".65.50..
11 - 69.65 ~ 19. ;‘O%l ©0.906 . 0.894. 100.0 - .  49.50
d2 7 69.65 25, 0.4 0.906  0.894 100.0 '35.495
13 '69.80  30.00% . 0.5 0. 0.785  100.0" 28.011
14 - 69.80.° 36.00+ 1.10% -0.800 ,0.785 .100.0 - 22.00.
15 - 69.80. . 44.00%  1.40 0.800 '0.785 . 100.0 16.876
16 69.80  55.90* 6.10 0.800 0,785 - 1.028** 3591.00 -
17 69.75  32.10 - 0.39 . 11.018** - 2859,00
18 69.75  40.05-  0.50% .009** . 2079.00 -
19 . 69.75  50.00 0.67 [007** ~ 1506.00

20, 69.75  60.00 0.93 2000% . 1149.00
.21 69.75  70.025 1. .000% -~ '912.00 -
22 . 69.75- 80.00 - .000* . 750.00 -

-~ 23 69.75° 95.05 1.000* - 581.82 <
24 7 69.75. 105.20 - 1.000% - 499.50
25 69.75 - 120.20 .000% - 408.90 .
26 69.75  135.00° .000* ° '345.00
27 69.75 150:00 1,000% - 294.90 -
.28 69.75 175.00 -1.000* - 235.80

.29 - . +69.75  200.10 1.000* . 194.04
30, - .69.40 ..250.75 .000% 142,02 -

.31 . 69.75  304.60. ;ooo*i ~108.00 - -
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© TABLE'.C-5

~ OBSERVED DATA FOR SAMPLE LS-1 .
Y - '.11000-3’“2--

3 DN RO N R -
WM —

=

203 4 w56 78
) (P (R (TC) (TC) M) ()
1 .65 1.00% 0.000 © 0.890 0.880 100.0  118].00
2 .65 . 1.50% 0.00  0.890. 0.880 T00.0° ~ 767.00 . .
3 .65 - 2.00* 0.00 . 0.890 0.880 100.0  576.50
4 .65 - 3.00+ .0.00 _ 0.896 0.880 100.0. . 379,20
5 9.65. - 4.00*. 0.00  0.896 0.880 100.0 ' 281.50
6 .625 5.00% 0.10 - 0:.845 0.840 100.0 .  -221.50
7 625 7.00% - 0.15  0.845 0.840 , 100.0 15.40
8 625 9.00* 0.20  0.845 0.840 ' 100,0 - -117.80-
.9 .625 © 12.00*  0.25°  0.860 .. 0.850. 100.0-  .84.70
10 .625 15.00* 0.35 . 0.860 .0.850  100.0. - = 66.00°
N .70 20.00% 0.45 . 0.860  0.850 = 100.0 4680 -,
12 .70 25.00% 0.60° " 0.865 ~ 0.855 .100.0 - 35.200 -
13 .70 32.00* . 0.90 .~ 0.865 ~0.855 . 100.0 = 25.70
14 .70 40.00*  1.20  0.865 ' 0.855 100.00 - 19.25
15 .70 '50.00% - 1.80  0.865 0.885 100.0 . 14.30 -
16 .70 30.20- . 5.40  0.870 0.855 1.027%% = 3146.04. -
17 69.70 - 35.00. ' 6.30°  0.870 0.855 .1.022%* ~ 2105.40
18 .. 70 40.00 © 7.30-  0.870 0.855 ~1.017%* - 2548.35
19 . .92 50.05 10.00 " 0.875 ,0.865 -}.016** 1530.00
20 ;@S . 60.00 .13.40° ° 0.875 0.865 1.000% 1164.00 © -
.90 7200 . 18.60°  -0.875 0.865 1.000% -889.02 ,
.90 82.00. 24.20 ~ 0.875-° 0.865 - 1.000* . 733.02
, .90 - 95.00.° 2.40%  0.885 0.835 1.000* . 590.04
24 .90 .110.15, 3.45%  0.885 0.855 -1.000% = 472.02
25 169.90 126.00 4.85% 0.885 0.855 1.000%  386:40 -
26 .90 140300 6.25% - 0.885 ° 0.855° 1.000%, 331.50
27 .90 " 165.00 . 9.35% . 0.885 0.855 1.000% . 259.02
28"~ 69.90 .200.00 14:10% - 0.895 0.870 1.000*% @ :196.38
29 <90 251.30 24.40%  0.895 © 0.870° 1.000* ' 142,74 .
30 .90 | 300.20 35.20*  0.895 0.870  1.000* © 111.80

“. . :
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TABLE C-6
OBSERVED -DATA FOR SAMPLE LS-1
1200-4, N,*
1 2 3 4 o5 6 T s 8
(ND), (Py) - (Py) | () v ATC,) (TCW)- :(V) - (t,)
1 69.300 1.0 .0.00 0.890. 0.875 -100.0 1194.00
2 . 69.30 2.0+ 0.00 . 0.890 0.875 100.0 .- - 585.00
37 " 69,30 3.0 - 0.00.  0.890 . 0.875 100.0 373.50
4 69.35  -4.0¢ . 0.10 . 0.885 0.870 100.0 278.40
5 ¢ 6935 . 6.0~ - 0.15  0.885 - 0.870 . 100.0 180.80
6 69.35 .. 8.0~ .0.20 - - 0.885 0.87Q0 '100.0 - 133.30
7 69.35 . 11.0%*" 0.25 - -0.885  0.870: 100.0 93.50
8: . 69.35 14,0+ .0.35 0,885 0.870 % 100.0 70.80
9.~ :69.35 - 18.0* 0.50° " 0.885 ~.0.870 % 100.0 | 52.20
10 -69.35  24.0%  0.625° 0.885 0.870 :100.0 36.80
- 69.45 . 30:0* 0.80  0.885 0.870 100.0 - 28.10
12 - - 69.45 . 40.0* 1.30 °  0.885 . 0.870  100.0 .19.235
13 - - 69.45  52.0%* 1,95 ° 0.885° 0.870 " 100.0° "~ "-13.40.
14 70.10 - ..35,20" - 5.50- 0.875 0.865 1.024**  2523.00
15 70.10  45.00 7.60.° . '0.875- 0.865 1.018** 1770.00
16 - 70.60 56.80 . .0.80*  0.880 0.870 1.003** 1263.40
17 70.60 . 70.00 -1.20%  0.880 0.870 ~ 1.000% ~ 928.02
18 70.60 85.00 . 1.81%  0.880. " 0.870 1.000*  .696.00
19 70.60 - 100.00°  2.63*  0.880  .0.870 1.000*%  '548.40
20 - 70.60 120.00  4.22* © 0.885 ° 0.870° 1.000% . 417.48
21 - 70.60. 140.00 . 6.22* .0.885 0.870 1.000*% ' "332.04
22 70.60 170.10  9.975* ~0.885° 0.870 - 1.000% 250..02
23~ 70.60 . 200.10 14.65%* - 0.885 - 0.870 - 1.000* %  198.50
24 -70.60 ~ 249.80 : 24.50* - 0.895 ~ 0.870  1.000* | 144.87
25 70.60 - '300.20 - 35:45% - .0.895 -0.870 1.000* "\ 111.67
: - L
b . S
: - o " B
- . i
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1 2. 3. 4 5 6. . 7 8
(vo) (P} (P) (R (T¢,) (1e) ~(v) . (t)
. ©70.00  299.50-  17.25** 0.780 = 0.760  1.00* 111.78
2 70.00 © 300.00  40.15** 0.780 0.760  1.00* 114.00
3. .70.00. 300.00 - 60.00** 0,780 0.760  1.00* 116.16
“4  70.00 © 300.00  80.00** 0.780 0,760 1.00* 119.46
5 . 70.00 301.00  110.20** 0.780% 0.760  1.00* 125.85
6 '70:00 301.00 139.80** 0.780 ~ 0.760 1.00* ~  136.20
7 - .70.00 301.50 170.00** '0.780- 0.760 1.00* ®  151.50
8 70.00  301.50 200.80** 0.780 0.760 -~ 1.00* ~ 177.00
9 70.00  301.50 219.65** -0.785 = 0.770. 1.00% 202.80
10 © 70.00 302.00.  240.00** 0.785  0.770 , 1.00* 250.80 -
N 70.00  300.00 - 250.00** - 0.765  0.750 - 1.00* 1292.98
M2 70.00 -300.00 - 259.50** 0.765 0.750 - 1.00* .  343.98 .
13 . - 70.00 ~ 300.00 264.60** 0.765: 0.750. 1.00* . 382.20
14 76.00 300.00 269.60** 0.765 ~0.750  1:00* 432.00
15 . 70.00  300.00- 276.00** 0.775 -0.760 1.00*.  526.50
16 70.00 300.00 280.00** 0.775 - 0.760 1.00* ~ 616.50
17° . 70.00- 30Q.00 284.00** 0.775 0.760 1.00* = 754.50
8 70.00 .300.00 288.00** 0.775 - 0.760% 1.00* 963.00
19 70.00 © 300.00  290.00** 0.775 0.760 1.00* - 1140.00 .
20 70.00  300.50- 292.00%* 0.805 0.790 1.00*  1434.00.
21 70.00 300.50 294.00** 0.790  0.780 1.00*- - 1887.00
22 70.00 300.50 296.00** 0.790. 0.780 1.00* - 2871.00
23 70.00 ~300.50 - 297.20%*" 0.790 0.780. 1.00* 4140.00
€4 70.00 ~ 300.50 298.00** 0.790 0.780- 100.0 20.00. .
25 70.00° 300,50 298:50%*- 0.790 - 0.780  100.0 34.50
26 70.00 ;50 299.00** '0.790 ~0.780 - 100.0 67.00
27 70,00 300.00 - 299.20%* 0.790 ° 0.780 ' 100.0 122,50
28 70.00 T, 300.00%* 0.790 0.780 = 100,0%  265.00«
29 70.00 0.00 )299.40** 0.790° 0.780 100.0 - 619.00

"TABLE C-7

4

OBSERVED DATA FOR SAMPLE LS-1
. 800-5, N,

2.

v

- a‘t_Pe‘_= 300. psig (Test Method: Cégée I7) - '_

-
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- at P = 300 psig (Test Method: Case 1I)

_ OBSERVED DATA FOR SAMPLE-LS-1

TABLE C-8

1000-6 N2

Faed e

A

141~

1 | 3 . -3 5 6 7
(D) (P (P (R (TC)(TC) (W,
<1 . 69.80  299.50  17.15%* ~0.900. ~0.870 - 1.00*  112.33
2 69.80 300.00 ~-92.35%* 0:900 0.870 .1.00% 120.88
3 69.80 301.75  150.30%* 0.900 0.870 . 1.00*  140.04 .
.4 69.80 300.00 180.00** 0.900 -0.880 . 1.00% 160. 02
5 69.80 300.00 209.60%* 0.900 0.880 1.00%* .- 190.72
6 69.80  300.00 230.00** 0,900 0.880  1.00* = 226.68
7 69.80.  300.00° 250,00%** 0.900  0.880 . 1.00%  288.80
8 - 69.80° 300.00 260.00%** 0.900 0.880 1.00% - - 342.77
9 69.80 300.50  270.80** 0.900 0.880 / 1:00* 438.00
10 69.80 300.50 280.20%* 0.900 ~ 0.880 = 1.00*  6§02.04:
1 69.80 300.50 286.00** 0.900 0.880 . 1.00%  802.08
12 - 69.30 ~ 300.50 °290.00%* 0.900 0.885 1.00% - .1092.60
13- 69.30 300.50 293.90%* 0.900  0.885 . 1.00% - 1727.58 .
14 69.30 300.50 296.20** 0.900 0.885 1.00% . 2652.96
15 69.30  300.50 297.00** 0.900 -0.885 -1.00% . 3430.02
16 ©  69.30 300.50 .298.20** 0.900 0.885 1.00%  -5400.00 - .
17 69.25 300.50 298.60*+ 0.900 0.890 ~ 100.0 25.40
18 69.25 300.50 299.00%* 0.900 . 0.890 100.0 - 35.00 -
19 '69.25 300.50 299.60%* 0,900 0.890 100.0 -  106.20
20 69.25 300.50 299.80** 0.900 "0.890. 100.0  353.00



C )
TABLE C-9'
~ OBSERVED DATA FOR SAMPLE LS-2
4001, N, o
P 3 4 5 6 T 8
WD)y Ry (R (TE) (TC) () ()
I 70.55 5.0~ 0.00 - 0:780 0.765. 100.00 879.63
2 . 70.55 8.0 0.00 0.785 0.770 100.00 ~ 512.57
3 70.40° . 10.0. ‘0.00 -0.845 0.845 :100.00  384.60
4 7040 16.0 °0.00 - 0.854  0.852 100.00  218.34
5 70.40  20.0 0.00 . -0.834 0.831 100.00 - 162.82
6 70.40  22.0 0.00 ~ 0.840-  0.840° 100.00  142.66
7 70.40  28.0 "0.00 . 0.835 °0.830 100,00 - 101.97
8§ - 70.40 40.0 0.60  0.835 0.840 100.00 - 59.70
9 - 70.20 _ 50.0 0.35 0.770 0.750 .100.00  42.10
0.  70.40  60.0 0.00  0.830 0:830 100.00  31:62
M . 70.40  75.0 .0.75  0.845 0.830 - 1.00% 4352.77
12 .70.60 100.0 0,03* 0.812 0.812  1.00% 3839.17 .
13 . . °70.60° 120.0° 0.05%* 0,817 ~0.817  1.00% 2806.90
14 .. 70.60 140.0 0.05% . 0.817 0.817  1.00* 2146.10
15 - - 70.60 160.0 0.075 0.825 0.820  1.00% 1700.07
16 70.60 180.0 0.10* 0.825 -0.820 - . 1.00% 1386.57
17 '70.60 200.0  0.10% 0.825 - 0.820 . . 1.00% 1155.92
18 70.40 230.0 0.60* 0.810 - 0.790  1.00% 895.24
19 * 70.55. 300.0 -1.00% 0.810 0.790 - 1.00* 557.11
20 70.55 450.0 - 2.80* 0.810. “0.790 . 1.00% 266.97

w2
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- TABLE C-10
OBSERVED DATA FOR SAMPLE [S-2
400-2, Ny
1 2 3 4 5 6 7 8
o) () (p) (R (1T (TC) W) (g
1" 70.00 . 4.00¥.0.000  0.980  0.970 100.00 .- 1800.68
2 70.00 - 6.00% 0.000  0.980° 0.970 100.00, 1171.14
'3 70.00  8.00% °0.000  0.980 . 0.970° 100.00.  865.21
4 69.90 ~ 10.00* 0.000 . 0.980 © 0,970 100.00  674.72
© 5 - -.69.90 . 12.00* 0.000  0.980 = 0.970 ~ 100.00 . 551.18
6 - 69.90  15.00* 0.000.  0.970 .0.970 - 100.00 °  428.00 -
7 . 69.90 . 18.00* 0.000 - 0.970 0.970 100.00  347.00 -
8 - 69.90  22.00* 0.000 . 0.970  0.970 100.00 ~ 274.50
9 69.90  26.00* 0.100 0,970 0.970 100.00  224.00
100 69.90 30.00% ‘0.150 0.9725 0.9675° 100.00 ~ 187.70
~©69.90 35.00% 0.175 ~ 0.9725 0.9675 100.00 ~ 155.00
12 69.90  42.00* 0.200  0.9725 0.9675 100.00 - - 121.90
13 69.90  50.00% 0.250 . 0.9725 -0.9675 -100.00 ~ ~ 96.90 '
14 - 69.90  29.00 0.300 . 0.9725 0.9675 100.00 | 77.04
15  69.%0 " 35.00. -0.400  0.9725 ~0.9675 100.00 ~ 59.20 -
16 69:80  40.80 0.450 - 0.970 0,960 100.00°  47.33
17 . .-69.80 - 48.80 0.600  0:970 ~ 0.960 = 100.00 - 36.30 -
18 . 69.80  58.80 0.850 . 0.970° 0.960  100.00 °  27.22-
19 - 69.80 : 73.80 1.250 - 0.970 0.960 100.00 . 18.82
20 . 69.80  88.80° 1.800 ° 0.970 '0.960 100.00° - 13.86
21 69.80 110,00 2.900° - 0.970 -0.960 100.00 . 9.67 .
69.80 . 130.00 - 7.200 0.970  0.960 - 2.50*" 5104.14
23 °69.80  150.00.° 9.100  -0.970 - 0.960 - . 2.50% " 3990.37 .
24 69.80 170.00 11.500 -~ °-0.970 0.960 .~ 2.50* °3189.86 -
25 69.80 190.00 -14:400 = 0.970 0.960 .2.50* 2610.92
26 - 69.80 210.00 18.200 . 0.970. 0.960  2.50* . 2250.00
69.80  240.00 *,1.850% . 0.970 - 0.960. - 2.50% 1711.07 ..
28 © 69,80 280.00 . 2.850* - 0.970 0.960  2.50% 1285.59
29 69.80 - 320.00 " 4.350% 0.970 0.960 2.50* " 1005.00
. '69.80 - 360.00 - 6.300* 0.970 0.960 - 2.50%  -807.60
69.80 400.00 . 8.700% - 0,970 0.960 . 2.50% .° 662.00 .
32 - 69.80 .460.00° 13.100% . 0.970 ; 0.960- ~ 2.50* - 511.00 .
33 69:80 549.00° 21.800%  0.970 0.960 . -2:50%  371.50
24 69.80 646.00 34.250* - 0.970 - 0.960 - Z2.50% . 273.00
69.80 ~ 783.00 -56.300 0.970 - 0.960 . 2.50* ~ 191.00°



TABLE - C-T1
~ OBSERVED DATA FOR SAMPLE LS-2.
L 600-3, Ny -
12 34 é}iﬁ{f 6 7 8
S(0) (P (R (R () ey ()
1 . 70,10 4.00% 0.000 0.870  0.860 ~100.00  * 2286.07
2 70.10° -~ 6.00% 0.000  0.870 0.860 100.00.  1493.22
3 70.10  8.00% 0.000  0.870 0.860 100.00 - .1102.44
4 - 70.10. - 10.00% 0.000  0.870 - 0.860 100.00 = 865.03
5 .70.13 - 12.00% 0.000°  0.870 ~ 0.860 100.00 - 705.96
6 70.13  15.00% 0.000  0.870 - /0.860 100.00 549,47
"7 70.13  18.00* 0.0000  0.870. 0.860: 100.00 . 445.87
8-~ 70.13  22,00%* ,0.000 - 0.870 0.860 100.00 = 353.15
9 70.13 ° 26.00* 0.000  0.870 0860  100.00  289.50
10 - 70.13  30.00% 0.050,  0.870- 0.860° '100.00 - 242.27
n 70.13 34.95% 0.100- ~ 0.870 - 0.860..100.00 - 199.50
12 7013 - 39.98% 0.150°  .0.870 ° 0.860' 100.00. - 168.00
13 70.13.  48.00%. 0.175 ° - 0.870 0.860 ~100.00 - 132.06
14, 70.13 -. 58.00* 0.200  0.870 ' 0.860 °100.00  102.50"
15 70,13 32.00 - 0.250° - 0.873 . 0.862 -~ 100.00 . -87.05
16 70.13.  38.00 0:300 , 0.873  0.862 -100.00° ~ 67.9]
17 - 70.13 . 46.00 0.400  0.873 0.862 100.00 . 51.28
18 70.13 56.00  0.550 = - 0.873 . 0.862 100.00 . - 37.89
19 70.13° 66.00 . 0.750°  0.873 0.862° .100.00° = .29.34 -
200 - 70.15 76,00 1.000 - 0.873. 0.862- 100.00 ~  .23.30
.21 70.15  90.00 "1.550 . 0.873 0.862  100.00 - °17.60
22 -70.15 170.00° 2.000  0.873 0.862 -100.00 - 12.62
23 7095 130.20 8.200 . 0.873 0,862 . 1.00% 2656,91
24 . 70,15 150.00 9.200 . 0:873 0.862  1.00* - 2081.06
25 - 70.15 - 170.00 10.950 . 0.878 '0.867"-  1.00*" '1659.06
26 -« 70.15 190.00- ¥3.000 - 0.878. 0.867 -  1.00* - 1358.06
27 - 70.15 209.90 15.400 ~ 0.878 0.867. - - T1.00* . 1141.75
28" 70.15  239.80 -;;475*‘“a 0.878° 0.867 1.00%. 892.98
29 70.15 280.00 2.075%  0.878 0.867 - 1.00% - 666.9]1
30. . .70.20  320.10 -2.950* ° 0.880° 0.830 - 1.00% . 521.00
31 70,20 360.00 4.150%  0.880 . 0.830 1.00%  418:00
32, .°70.20 400.00 5.650%* 0.880 0.830 .. 1.00% . 342.50
33. . 70.20 .460.00 8.650*  0.880 °0.830 . 1.00* - 264.00
34 - §0.20  548.00 - 14.700*  0.880 - 0.830 - 1.00% . 190.00
35 70.20 - 550;00 24.400% © 0.900  0.870. - 1.00%- 138.00
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TABLE. c-12.
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. OBSERVED DATA FOR SAMPLE LS -2 K
» soo ‘, N2 o
123 4 5 6 7 8
(ND) . (Py) (P (R (TC) (T6,) - (V) (tm .
1 - -70.55.  8.00* .0.000 ‘- 0:840 0.835. -100.00 1177.75
2 70,55 11.00% 0.000 . 0.840 0.835 100.00 . 832.96
.3 70.55 _ 15.00% 0.000. . 0.850 0.845 :100.00 - 590.00
4 70.55 = 20.00* .0.000 - 0.850 0.845: 100.00. 425.00
5 70.55  25.00* 0.000 -~ 0.850 .0.845 -100.00- - 327.00. -
6  70.55  '30.00* 0.000 ~ 0.850 0.845 :100.0- - 261.50
7 '70.55  37,98% 0.050 - - 0.850 0.835 100.00 - 193.86
8 70,55  48.00% 0.100 - 0.850 _ 0.835 . 100.00 ~ 143.55 .
9 . 70.55 - 57.98* .0.175 ~ 0.850 .0.835 . 100:00 - 111.50
10 70.55 34.00 .0.225 . 0.850. 0.835 100.00 - .86.37
n '70.55  40.00 0.300  0.850  0.835 .100.00 ° ~68.40"
R 70.50 -~ 48.00 . 0.400 0.860 = 0.850. ~100.00 = - 52.27 "
13- - 70.50 - 60.00 - 0.600 = 0.860 0.850 100.00 - " 37.50
14 70.50 - 74.00  0.900 ~ 0.860‘ 0.850 100.00 - ~ 26.80
15 .70.50  90.00 1.250 .. 0.860 - 0.850  100.00 - 19.50
16 70.50 - 110.00. 1.900 - ~ 0.860 ' 0.850 ~100.00 ~ ~14.03
17 70.50 130:.15. 7.300 . Qg86ﬁ”’/}850 1:00% - 2980.50
18 70.50 150.00 8.400 - 0.860 0.850 _ 1.00* 2332.80
19 70,50  180.00 10.600.- . ~0.860: 0.850 " 1.00* 1692.78.
20 70.50- .210.00° 13.400 - 0.860 " 0.850 ° .1.00* +1279.60
21 70.50 '239.90 17.200 - .0.870 0.855"  1.00* 1006.20
$ 22 70.50 - 279:70 . 1.700%-  0.870 - 0.855.°. 1.00* = ~756.50.
23 70.50  320.10 . .2.450* = 0.870 0.855  1.00* " 587.00 -
24 . -70.50 & 360.00 3.400* ~0.870 - 0.855 = 1.00% . 471.50 -
25 70.45 420.00 ~ 5.350*  0.850 - 0.830 - '1.00* " - 355.00 "
26 70.45 509:00 9.800* . 0.850 0.830  1.00% ~ 245.00.
277 - 70.45 ©644.00 20.200% - 0.850  0.830.  1.00% .. 156.25 _
S 28 . 70.45 . 827.00 '41.500* - 0.850. 0.830 . -1.00% .. 98.00
29 . 70.45 " 1006. oo-y35 200**  0.850 - 0.830 oL oo*._a 67.40"
oD RO



TABLE - C-13 K
" OBSERVED :DATA FOR SAMPLE-LS-2, -
3 _ SATPLE Lome.
11000-5, N, - o
1.2 3 L SR W 6 7 8
(D) (Pp) o (Py) P ~(Ice) (Tc). - (V) o '(tm).‘
1 - 70.45 - 10.00%- 0.000 0;565 0.855 100.00  943.92
2 70¢45  12.00* - 0.000 " . 0.865 - 0.85% ~ 100.00 . 772.82"
3 - 70.45 ° 15.00* 0.000  0.870° .0.865 - 100.00 .- 603.80 .- -
4 -70.45  20.00% 0.000 - 0.870 .0.865:; 100.00 .. 435.65
5. -70.45 . 25.00* 0.000  0.870° 0.865 )00.00- . 334.85
6 .- 70.45  30.00% 0.000 . 0870 0.865 '100.00 . 268.25
7 70.45_ 36.00* 0.050 " 0.870 0.865- 100,00 - -214.50 .
8. -.70.45  44.00* 0.100 0.870 ~0.865 100.00- -, -166.99
'9° - 70.45 © 56.00* 0.175  '0.870 - 0.865.: 100.00 - - 121.05
10 70.45 . 34.00 ,0.250 + .0.885 0.875: 100.00 = ~.90.69 .
70, 45 ""40.00 0.300 . '0.885 0.875 100.00 . 71.91.
12+ 70.45 = 50.00 - 0.400 - 0.885. 0.875 100.00 - 51.81' "
13 70.45 . .60.00 ©0.600 - 0.885 0.875 - 100.00° . 38.90
14 - 70.40 74.00° 0.800 - 0.905 0.890 - 100.00 -  28.35
15 70.40  90.00 _1;280 . 0.905.. 0.890 - 100.00 - 20.76 .
16 .70.40 ' 109.80 1.800 - 0.905 ~0.890 100.00 . -"14,95 . "
17 .70.18  '130.05 2.400° - Q.860 0.835 100.00 - 11.20.
18 -\70.18."153;00.”‘6.650 .. 0.860- '0.835 . 1.00* ,2477"64,
19 - '70.18 179.90  8.400  0.875 ..0.850 - = 1.00%_ 1793.01
20 7. 70.18 ~21o.oo 10.950 . 0.875 0.850 ~ 1.00%+ 1380.98 . .-
21+ ..70.25 7 °240.00.:14.200 - 0.890 0:880 ~ ~1.00% ~1084.13° - -
22 70.25 - 279.80 19.800 0.890 - 0.880,  1.00* - 825.86 -
23 70.25°°./320.00 2.050% --0.890  0.880 - 1.00%- 642.25- -
24 70.25- 360.00. .2.800% . 0.890. 0.880 . ° 1.00%  511.17 .
_25°  .70.25° 420.00° 4.500* - 0910 ~0.900 - 1.00% ~ .388.09 -
26, -70.25 495.00 7.600*  0.910  0.900 - 1.00* . 283.96 - - -
21 70.25 - 624.50  15.750* - 0.910 .0.900 © "1.00* . -181.50 5 ~
28 . 70.25  775.00. 30.200* = 0.910 0.900° . 1.00* . 120.00 ... . -
.29 70.25 -*876,50 42. 150* ©0.910 /0.900 < 1.00%  95.00 .



. 147
 TABLE- C-14. - . .
. ., .‘ {\:\.
- OBSERVED DATA FOR SAMPLE (S-3- A C
A 400 1,
1.2 3 4. 5 6 . 7 I
- (ND) (Py) (Pé), ~.'Pw) (TCQ) (1c,). (V) (t,)
1 . 70.10 2.00* 0,150 . '0[770 ©0.770  100.00- - 611.47
2 70.10 3.00% 0.175 - -0.770- 0.770 - 100.00. - 400.95
3 70.10 . 4.00* "0.175 0.770" . 70.770 - 100.00 295,98
4 .-70.15 5,00 0.200 ~ 0.780 0.780 .’100.00  ° 233.45
‘5 70.15 6.00%;0.200 ~ 0.780 ~.0.780 100.00 .. 191.63
6 170,15 . - 8.00% ‘0,225  0.780.. 0.780 100.00 = 139.44
7 70.15  11.00% 0.300° .0.780 . 0.780 ' 100.00 .°  97.20
'8 .70.15 ° 15.00% 0.375 0.785° 0.780 100.00. . - 67.63
-9 70.15 - 20.00% - 0.500. ~ 0.785 0.780 .-100.00 - . 47.70:
10 ©-70:15 - 26.00* 0.700 .0.785 0,780 -100.00 . 34.26
11 70.20 ~ 34.00% 1.000: 0.795 -0:785 100.00 - . 23:99
12 70.20 - 44.00% 1:450 0.795- 0.785 100.00  16.82
13 . 70.20 " 56.00%1.200 0.795 *0.785 - 100. 00 - 11.88
14 70.27 . .34:10. 5.300 < 0.800 0.800" 1.00%  2444.92
15 - 70.27 40,10 6.700 - 0.800 0.800,*//11 .00% - 1903.34
16 . .70.30 - .48.00 - 9.200 > 0.810 0.800 ~ 1.00% ' 1431,52 °
17 70,300 58.00 11.150 0.810° - 0.800°  1.00* - 1053.52
18 70.30° . 70.00. 20.100. 0.810  0.800 ./  1.00* ~ 772.53
19° 70:37  84.00 - 2.400* ~ 0.815- 0.805 - 1.00*  570.00
20 70.37  99:80 3.785% - 0.815- .0.805 . 1. 00% « 427.00.
21 70.37 -°120.10 . 6.350*  0.815 . 0.805 1.00% . 312.00
22 70.40 140.00 9,750*  0.820  0:805  1.00* - 341.01;
23 - 70.40. - 170.00 16.350*.  0.820° ~0.805 ., .1,00* = 175, 00
24, . 70.40 199.90 24.625* 0.820. 0.805 ' 1.00*  135.00 - .
~ 25 70.45 239.60 37.850* - 0.820° 0.805 .- 2.50* - 256.00
“26° . .70.45. 279.80 53.550* .0.820 0.805 = 2.50* 19950
21 70.45 330,15“~37;000** . 0.820 . 0.805 2.50% - 154.75
)
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OBSERVED DATA FOR SAMPLE LS 3- A *
o 600 2, N, .
S .\ - =4
1 2 % -4 6 6 T 8 ..
(ND). - (Py) - (Pg) P, (Tc,) (T, (V). (t))
N 70.95  1.70% 0.150 - 0.790. 0.785 100:00 - 797.25
2 70.95. - 3.10* 0.150 - 0.790 -0.785 100.00 - 427.75 .

3 - 70.95 '5.10* 0.200° 0.790° 0.785. 100.00 ~ -.263.02" -
4 - 71.00 - 8.10% 0.250 - 0.790 0:795 100.00 - .153.23 + -
5. 771,00 70 11.00* 0.300 0.790 0.795. 100.00  108.88 - " ' -
6 '71.00 . 15.00* 0.350  0.790° " 0.795 ' 100,00 . . 76.10

7-° . 71.00 20.10% 0.500  0.800 0.795 100.00 "  53.60. -
8 .. 71.00 - 26.00% 0.650 - - 0.800 0:795 100.00 = -39.00 .
9 © 7100 34.15% 0.900  0.800 . 0.795 100.00 . 27.40
10 71.00.  44.10% 1.350 . 0.800 0795 100.00 ~ 19.37 -
11 71,00~ . 56.15% 1,950 . 0.805 0.800  100.00° . 13.80
12 77.00  "34.70  4.500. . 0.810 . 0.802 ~. 1.00% 2958.00
13 . 71.00 ~ 44.00" 6.550 0.810 '0.802  1.00% 1943.00
14 - 71.00. '56.00 '10.200 ' 0.815 ~ 0.810 .- 1.00* *1326.75
15 71.00 70.05 16.500 ~ 0.815 -~ 0:810 .  1.00% - . 920.71 .. -
16+ 71.00° 86.10-25.700 - 0.850 - 0.840 . 1,00*  653:00-
7 71.00 104.00 ~.3.100% - 0.850. 0.840 - 1.00%  474.50
8. 71.00 124.00 5.200%  0.850 0.840 _ 1.00% * 351.47
19 71.00 144.00  8.000%  0.850 0. 840 -~ 1.G0* - 272.00
20 '71.00 - 170.00 - 12.650%  0.850 - 0.840  ~1.00* - 206.00 °
.21 71.00 © 200.00 19.350%*  0.850 .0.840  1.00% . .158.50.
22 .71.00 239.60 30.400%  .0.855 0.845  .2.50* . 300.00
23 71.00 279.80 43.800% . 0.855 0.845 ° 2.50% -232.50 .. "
24 . 71.00 "330.00 30.500%* - 0.855 = 0.845 - - 2.50% 178. gg'; SRRt
25 71.00 399.00 45.750** 0.855 0.845  2.50% . 133.00 =
) I »
SN
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_'TABLE- C~16 -
OBSERVED DATA FOR SAMPLE Ls- 3 A
L - 800-3, N2 e
1 2. -3 4 . 5 -6 e '8
(ND) (Pb) (P ) (Pw)., (e, (Tc,) '(V)-‘ (tp):
o1 70060 0 1.85%  0:150 0.855  0.860  100.00 -  788.94
2 - 70.60  4,90* 0.200 0.855  0.860 102.00 . 285.25 =
3 . 70.55 - 8.16% 0.250 ~ 0.865 '0.860 100.00- .164.61 ..
4. . 70.55 . 11,20* 0.250. . 0.865. 0.860 100.00. 115,39 .
5 . 70.50  .15.21* '0.350 - 0.870 °0.870 100.00 - 81.18 .
.6 70.50  20.10% +0.450° . 0.870 0.870  100.00 58.17
7 '70.50°  26.00* 0.550 0.870 0.870 100.00 . 42.30
.8 . 70.50  34.00* 0.800 . 0.870 -0.870 -100.00 . 29.92
9.. 70,50 . -44.00% 1.150 .0.870 - 0.870° 100.00. ,_21.16
10 70.45  '56.25% 1.750 .- 0.878 - 0.877 . 100.00 ° 14.99
117 70.40  34.2005.050  0.885 - 0.875 - .1.00* 3112.82 .
12 70.37 44,10 ,6.750 ° . 0.885 - 0.880 < .1.00* - "2114.60
13 - 70.37 56.00 --9.800 '0.885 0.880 -~ 1.00* = 1451.10
14 ©70.37  70.00. 150150  0.885 ° 0.880 . 1.00* °1008.61. -
15 70.35  -86.00 25.750.  Q.890 . 0.885 - 1.00*  714.81 .
16 70.35° 104.20 - 2.825* . 0.890 .0.885 - -1.00%  517.67
177 -70.35 124.00 - 4.650% - 0.890 0.885 - 1.00%  384.6]
18 70,35 144.00- 6.950*  0.890 -.0.885 1.00*  298.13 .
19 . 70.35 170.00 11.000* 0.890 0.885 1.00%  225.65.
20, 70.35 199,80 16.900* - 0.895 - .0.885 : 1.00* - 171.50 .
21 770.35 239.80 26.925* = 0.895 ~ 0.885 . 1.00* . .127.20 - .-
22 70:35 .280.00. 38.850% @ 0.895  0.885 = ~.1.00* ~ 99.56
23 70,35 ...329.90 56.400* ' 0.895 ' 0.885 1.00%  77.20
24 . 70.35 398.80 41.000* ~ 0.895 - 0.885 - 1.00*  56.90



TABLE \C-17 p
" OBSERVED DATA FOR SAMPLE LS-3-A
- 1000-4, NZ | | -
T 2 34 . 5 6 A 8
1 0 70,200 2.00* 0.050° 0.865 0.865  100.00 - 780.67
.2 .. 70.20 - 5.05% 0.100  0.865 0.865 100.00  297.00
3 70.15 8.10% 0.150. . 0.885 - 0.885 ~.100.00 - 178.00
4 70.15  10.90%  0.200. 0.885 °0.885 100.00 = 128.00
5 70.15 15.14* 0.250° 0.893 0.892 100.00 ~ 87.79.
. 6 70.15° © 20.00* 0.350 °0.893 0.892 .100.00 . 63.00 ¢
7 17015 29.90% - 0.600 . 0.893  0.892  -100.00  38.06 . -
8 ~ 70.10  40.00* 1.000  0.900 0.900. 100.00 - - 25.94
9 '70.10 © '56.10%* .1.500° - 0.900 . 0.900' 100.00 . 16.18
10 . 70.10. ' 36.10 -4.600  0.900 0.900 1.00%  3085.11 "
1M 70.15 ° ©46.20 . 6.250.  0.873 . 0.867 . °1.00% - 2115.04
12 70.15- ° 58.10 . 9.200 .0.873  0.867 - 1.00%* '1468.48
13 -70.15 0 72.10 ¢ 14.000 . 0.890. 0.880 1.00% - 1029.00 =
14 70.15  88.00 21.800  0.890- 0.880 .. }.00%* . 736.00.
15 . 70,15 105.99  2.550* 0.890 0.880 - 1.00%* - 537.00 .
16 - 70,17 126.10. . 4.100% 0.890 0.885 ~~ 1.00* 400.70 .
17~ 7017 150.00  6.725% - 0:890.° 0.885 ~ 1.00%  300.00 "
18 70.17 -176.00°. 10.450%." 0.900 0.885 . - 1.00* = 229.50
19 70.20 205.85 - 15.950% 0.900 .0.885 1.00% - 177.00
20 70.20  240.00 23.700% 0.900 .885 - 1.00* - 138.40
21+ 70.20. 280.00- ~ 34.400% < 0.900  0.885 1.00% -—107.63"
S22, 70.20 - 329.80  50.300% . 0.900 - .0.885 . 2.50*  207.75 -
23 70.20 397.00  36.500** 0.900 . 0.885 ~ 2.50% - 154.70 -
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h o o S
. TABLE c-18 |

L | OBSERVED DATA FOR SAMPLE SS-1-A°

g7 34 5 6 .7 8
W) () ) (7)) (T () (g

1 70:20 50.05  0.00 0,830 0.830 - 100.00  1253.40 -
2 70i20 54.00  0.00  0.855 0.865° .100.00  1133.50

3, 70,20 60.00 ~ 0.00 - 0.870 0.870 ° 100.00  986.20
4 70.20  68.00  0.00 0.870 0.870  100.00 . 830.75
5 70.20 78.00  0.00 . 0.870. 0.870 100.00  682.65
6 70.20  88.00  0.00 -0.870 - 0.870 100.00  572.50 -

7 . 70i20  100.00. 0.00 -~ 0.870 0.865 100.00 . 473.00

§ 70,20 114.00 = 0.025 0.870 ~0.865 100.00 -  390.40-

97015 130.10  0.050 . 0.870 0.845. 100.00  315.50
10 70.15 ©150.00  0.100 0.870° 0.845  100.00 ~ . 252.25
1 70.15 0 170.00° - 0.123- 0.870  0.845 . 100.00 = 20700

w2 70015 189.80 . 0.150 0.870 . 0.845 100.00 , - 172.00 .

13- 70,15 219.80  0.175 0.875  0.865 100.00  134.00

14, 70.15 240.85  0.200 ° 0,875 0.865 100.00.  107.50
5 Y7005 279075 0250 0.875 0.865 100.00 - 88.30
16 % 70.75  309.90 © "0.300 0.875  0.865 . 100.00 - 72.50
17 770.15 - 349.90 - 0.400. 0.880 ~0.875 100.00  55.60
18 ¢ 70.15 389.60  0.500 0.880 - 0.875 100.00°:  44.70

19 7 70.15 44000 - 0.650 0.880 - 0.875 100.00 . 33.80
20 .70.15° 522,00 . 1.400 0.880 0.875 100.00 . 18.00 4
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TABLE C-19 -
o OBSERVED DATA FOR' SAMPLE S5-1-A'
| o 600-2, N,
T2 3 7 5 6 7 8
W) Ry (P (R (TC) (TC) () (g
1 70/025  60.10 0.050 0.865 0.870 100.00 . 1299.20
27 .70.125  68.00 0.050- 0.890. 0.880 100.00  1169.00
3 70.700  68.00 0.100° 0:830 0.815. 100.00  1164.00
4  °70.700  80.00 :°0.108.  0.830 - 0825 .100.00 . 931.00
.~ 5 70.650 - 94.00° 0.100- - 0.835 0.800 100.00 - 740.50°
6 .70.650 110.20 0.1086 ~ 0.833  0.817..°100,00  586.00 -
7. 70.650. 129.80 0.100 = 0.833.'-0.817 100.00  458.00
8 70.620 150.00 0.100  0.835 0.825 100.00  367.00
9\ 70.620 180.00. 0,150- - 0.835 0.825 100.00  278.00
70 . T 70.600  209.90 0.150  0.835  0.825 100.00  215.50
N 70.600 249.90 . 0.200 0,835 .0.825 100.00 - 161.60
12 70.600 290.00 © 0,200 . 0.835 - 0.825 - 100.00 - 125.50
13 .70.600 339.9C 0.300° 0.835 0.820 100.00 =~ 96.00 ..
14 '70.600 390.20° 0.350. 0,835 - 0.820 100.00° ~ 75.20 .
15 .. 70.600 449.50° 0.400 . 0.835. 0.820 100.00 - 59.00
16 70.600 521.50 = 0.500 ~0.840 0.820 100.00°  44.80 -
17 70.600  £22.00  0.725  0.840 - 0.820 ' 100.00-  32.00
18 701600 567.00 1.150 .. 0.840  0.820 - 100.00 =~ 21.00 %
19 70.600 875.00 1.600 0.845 0,825  100.00. - -16.00 -
20 - 70.600 1021.00. 5.100  0.845 - 0.825  1.00% 3130.00" ' .
21. . 70.600 1158.50 - 6.700 .  0.845 0.825 1.00%  2140.00
22.. - 70.550 1254.00 9.200' °0.845 0.825 1.00*  °1525.00 .
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© TABLE - C<20 |
~ OBSERVED DATA FOR SAMPLE SS-1-A "
. ]000—35_N2' o ’ o
. . . . 5
1 2 3 4 5 6 - 1 -8
(ND) (P} (Pe) = (Py) o (TC,) (TC) (V) (t,)
1. /70.460 80.00 0.050 ~ 0.890 0:880 _100.00  1050.0p
2 70.460 . 89.80 . .0.050  0.905 0.900 “100.00 - 888.0D
3 70.500 .103.80 0.075 - 0.915 0.910 100.00-  723.0D .
4 70.500 - 120.10  0.100  0.915. '0.910 ~ 100.00 " 585.0D
5 . 70.500 140.00. 0.100.° 0.915 - 0.910  100.00 465.00
6 70.500 - 160.00 0.125 0.915 ~0.910 . 100.00 - 379.00
© 7 - 70.500 189.85 .-0.150 ° 0.915 = 0.910 100.00 .- 293.00
8 70.500  230.15.. 0:150  0.915° 0.910 - 100.00 =  215.50
9. 70.525 " 269.40. 0.175  0.920 ~ 0.910 .100.00 - 164.50
10 70.650 321.60°7.0.200 - 0.940 0.905 100.00 . 128.20°
~70.650 - -379.30 °0:250 - 0.940 = 0.905 -100.00 95.80
12~ 70:650 488.00  0.375. 0.940 0.925 100.00, . ,61.60
13 70.650 .. 599.00 . 0.550. °0.940~ 0.925 °100.00;"  43.40
14, 70.650 793.00 0.900 ~ -0.940 0.925" 100.00: 26.00
15 70.700 '1002.00 ~1.500. - 0.955 0.935 100.00 . 16.50
16 . 70.700-1209.00 -4.200. 0.955 - 0.935  1.00*  3240.00
17 70.700. 1413.00° 5.600 0,955 - 0.935 ' 1,00* 2300.00
18 . 70.700 1609.00 7.800  0.955 0.9357 - 1.00* . 1650.00
19 - .70.700. 1917.00 14.700.  0.955. 0.935  1.00*  980.00
d .
!
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OBSERVED DATA FOR SAMPLE SS-2-A-

TABLE C-21

.

)
p—

150

361.

00"

s U

00

~ 200-1A, N,
] 2 3. ~ 5 -6 7 8
(o) () (P (R) (C) (L) () (t)
1 70.500 3.00* 0.000  0.900- - 0.900  100.00 644.50
2 70.500 . 4.00*  0.000 - 0.908 0.902 100.00 481
3 70.500 5.00* 0.000 - 0.908 0.902 .100.00 383. 30
4 70.500 6.00* 0.050 ~ 0.908 0.902 100.00 312.80..
5 .70.450 .. 7.,10* 0.100 07910 0.905 100.00 261.80
6. 70.45Q - 8.05* 0.125 . 0.910 . 0.905 100.00- - 230.00
7 70,450 .~ 10.00% 0.150 0.910 0.905 -100.00  180.00.
8 70,450 12,00 0.175 7 0.910 0.905 100.00- - 146.80
9 70.450 - 15,00 0.200- . 0.910 0.905:" 100.00 - . 114.50
10 70.450  18.00* - 0.250  0.910 0.905 100.00.. .. 93.60
_ 70.450 24,00  0.350 © 0.810 0.905- 100.00. . %5.60
12 .. 70.450  30:00* 0.456 ~ 0.910 ~0.905 .100.00 49.80
13 70.35¢  38.00% = 0.600 - 0.910 0.905 100.00 - 36.50
14 70.350 - 48.00*  0.900 ~ 0.910 - 0.905° 100.00 26.85
15 70.350 - 60.00* 1.200-° 0.910 . 0,905 100.00 19.70 -
16 70.350  36.00  4.700 0.910: 0.905 1.00*  4134.50 -
17 70.275 44,10  5.500. . 0.915 0.905 1.00*+ "3113.15
18 70.275 54.00 . 6.850 - 0.915  0.905 1.00% 2284.04
19 -~ 70.275 66.00 8.900 0.915  0.905 ° 1.00* 1668.00
20 70.275 - 80.00  12.350 0.915 0.905 1.00*  1220.00
21 70.250 94,00 16.900  0.915 - 0.905 1.00* 934
22 70.250 110.00 ~ 1.750* 0.9}5° ~0.905 . 1.00* ~ -715.00
23 70.250. 130.10 2.700* 0.8%15 0.905 = 1.00* 538.53
24 . 70.250 150.00 3.900* - 0.915 0.%05 ~ 1.00*%  -420.00
25 7 -70.250. 170.00 5.700*  0.915 . 0.905  1.00* .. 337.50
26 70,250 200.00  9.050* .0.915 0.905 - 1.00* - .254.00
27 70.200 229.70-- 13.400* ~ 0.920  0.905. 1.00*  199.50
28 70.200° 269.80 20.900*  0.920 . 6.905 1.00*% 151,50
29 . 70.150 311.20 29.500* - 0.940 0.930 . 1.00%¥ 119,40
30 70. - 42.700* 0.930 . 1.00* 93.08

.00,
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TABLE (=22

L8

~OBSERVED DATA FOR SAMPLE $S-2-A"

70.400

200-1B, Ar o
1 2 3 K 5 6 7 g
(ND). (Py) AP () (Te) o (T6) (V) (tp
1 ..70.250 - 2.00* - 0.000  0.870  0.845 100.00 - 1276.00
2 .770.250 4.00% 0.675 0.890 . 0.880 100.00 . 617.70
37 70.250 - 5.10*  0.100  0.890  0.880 100.00. - 484.00
4 70.250°-  8.05% 0.180 0.890.- 0.880 100.00 . 297.00
5. 70.300 ©10.10*  0.200  0:890  0.885 100.00 - 231.40
6 70.300 12.10%¥ © 0.225  0.890 . 0.885 100.00 '189.70 -
7 - 70.300 15.00%  0.250  0.890  0.885  100.00 148.80
8 70.300 18.00* 0.300  0.890 . 0.885 .100.00 120.60
.9 70,350  23.10% 0.400  0.895  0.890 .100.00 89.72
10 70.350  30.10% 0.500  0.895  0.890 100.00 - . 65.00
11, 770.350_ - 40.10* "0.700° 0.895 ~ 0.890 100.00 44.80
12 70.350 52.20* 1.000. °0.895  0.890 100.00 '31.58
13 . 70.350 32.10 " 1.400  0.900 - 0.890 100.00. - 23.06-
14 70.350 40.10  2.000 0.900  0.890 100.00. - 16.65
15 70.350 7 50.00 . 3.000. 0.900 0.890 100.00 . . 11.97.
16 70.350 - 60.00 6,200~ '0.900  0.890  1.00** 2545.00
17 70.350 74.00  9.000  -0.900  0.890 . 1.00** 1815.50
18 70.350 . 90.00 13.200° .0.900 - 0.890 ~ 1.00** 1313.50
19  70.400 - 110.10 20.400 . 0.898 . 0.887  T1.00* . 936.00
26 70.400 = 130.00 ~ 2.250* ~ 0.898 © .0.887 1.00%* - 702.50
21 70.400 - 150.00  3.300%* 0.898 - 0.887  1.00** & 549.00
22 70.400  -170.00 - 4.750% 0.898  0.887 - 1,00%* 442,
23 70.400 199.90  7.700* 0.898  0.887 - 1.00**  332.00
24 70.400 - 230.00° 11.500* 0.898 ~ 0.887  1.00** - 259.50
25 70.400 - 270.00 18.100* 0.898  0.887 ' 1.00** " 196.50
26 . 70.400. '309.80 26.250* 0.910  0.890 - . 1.00* ° 155.63:
27 - 70.300 359,70 . 38.350% 0.910 :0.890  2.50* :. 301.00
28 70.400 440.00 . 30.500%** 0.910 [0.890- - 2.50% . 211.
29 532.00  46.600** 0.910 ¢ 0.890° 2.50* ' 153.00

155



"OBSERVED DATA FOR SAMPLE $S-2-A

S

TABLE C-23 .

000

.36.900%

156

1200-1C, CH, -
] ? 3 T4 6 - 7 8
W)y () (R (TC) () (M) (k)
1 70.150  2.00% 0.000 - 0.9200 0.905 100.00  692.00
270150 3.05* 0.000. 0.940 - 0.935 100.00 - 446.50
3 70150 ¢ 4.00% ©0.000  0.920 03905 100.00  337.50
4 70.150 . 5.00% _0:000  0.920.. . 0.905 100,00 266,70
5 ¢ 69.850  6.00*. -0.000 -0.860  0.855 100.00  221.60—._
6 -69.850 . 8.00% -0.050  0.860  0.855 100.00  160.70
7.0 69.850 10.00% 0.100  0.860  0.855 100,00  125.10
8- 69.900 -12.00* © 0.150 - '0.878  0:872 100.00 - - 101.50
9 69.900° 15.00* 0,200 © 0.878  0.872 100.00 78.20
100 . . 69.900 © 18.00% 0,250  0.878  0.872 ~100.00 62.90
n 69.900 - 23.00%* 0.300  0.878  0.872 100:00 46.65
12 69.950 -30.00% 0400  0.885 . 0.880 100.00 © .33.60
13 0 69.950  39.95%  0.600  0.885 = 0.880 100.00 - 23.00
14 - 69.950 '52.00 1.000 0.885  0.880° 100.00 16.00
15 69.950 . 32.10'  3.800°  0.890  0.880  1.00* . 3286.89
16 69.950 40.05 - 4.500  0:.890  0.880 1.00% 2359.84
17 69.950  50.00. 5.900 - 0.890., 0.880 1.00* ~ 1680.69
18 69.950 60.00. 7.600  0.890 0.880  1.00* - 1256.16"
19 69.950 . 74.00 11:000 0.890  0.880  1.00*  893.48
20 . 70.050 ' 90.00 16.200°  0.885  0.875 . 1.00% ' * 645.01
21 70.000° 110.10  2.0004. 0.870  0.860- - 1.00% . 459.77
22 70.000 130.00 . ~3.200% 0.870 -0.860. 1.00%  337.73 |
23 70.000 150.00 - 4.850* ' 0.870  0.860 - 1.00%  272.52 - -
24 70.000- 169.70  7.000%* °0.870  0.860  1.00% - 221.50 .-
25. 70.000 - 199.90  11.300%* 0.890  0.870  1.00%  167.00
267 70.000 229.90° 16.700% . 0.890 ~ 0,870 ~ 1.00%  132.00
27 ' 70.000 269.40 25.650* 0.890 .0.870  2.50*  253.50
28 70. 310.25 - 0.890  0.870 ~ 2.50* - 198.00°



Cas7

., TABLE C-24 -
. OBSERVED DATA FOR SAMPLE SS-2-A
- -~‘400 2, ,NZ‘ | |
] 2 3. 4 5 6 . 7. 8 .
(ND) — (Py) (Pe) %(Pw) B G170 B 1 R U R L
1 : ]0;60, 2.00%  0.150 ‘0.925 0.920° 100.00 . '1103.00 .
2 +°70.60 - .. '3.00* ~ 0.150 " 0.925 - 0.920 IO0.0Q < 729.50
-3 .70.60 .. 4.00* 0.150 .- 0.925 - 0.915 100.00  538.50
4 70.60 5.00* - 0.150  0.925. 0.915 -100.00 .  426.20;
5  70.60  6.00*  0.150° . 0.925. 0.915 100.00 . 352.50
6" -70.60 -8.Q0% 0.150 . 0.925 - 0.915 100.00 - 257.80 .
7 . 70.60° 10.00*  -0.175 0.925 . 0.915 100;00 - 201.60
8 70.60 12;00*_ 0.200 0.925 0.915 * 100500 . 164.60
9 . 7 70.60 - 15.00* © 0.250 . D.920 . .0.910 100.00 -~ 128.10°
10 . Y*70;60A 18.00* 0.275‘ 0.920 - 0.910 100.00. ~ "104.00 -
11 . ©70.60 ¢ 24.10% 0.350'- 0.920 0.910 700.00 - 73.25
12 - 70.60 32.10* 0.450 0. 920'g 0.910 -100.00 - 51.20
13 . 70.60 42.10* .0.650 0.915  0.905 100.00 .36.30
4 70.60  54.00%  0.950 0.915° 0.905. 100.00 - 25.80 .
15 70.60 - 34.00 . 1.400 ° 0. 915 - -0.905 . 100.00 " 18.00
16 '70.60  42.10 - .2.050 . O. 865 + 0.860 .100.00 13:20
17 70.00. - 42.10 2.000. 0. 890 .. 0.885 100.00. .13.20
18 70.60 ,'52;OO - 7.250 0.885 . 0.885 ~ 1.00* .2726.92
19 70.60 - 64.00  8.900-" 0. 885  '0.885 ~ 1.00* ;'1965'99;
20 70.60 78.00 - 11.600 0-900 ‘0.895 - .1.00* '.1430.22 )
21 70.60  94.00 15.800, - O. 900 -0.895 1.00*° ,1048§21‘
. 22 ' 70.60.° 112.10° 22.200 .0.900 1 0.895 - 1.00% 774.60
.23 - 70.60 132.00. 2.350*  0.900 . 0.895 . 1.00* - 585.09
- 24 70.60 154.00 3.500%* .~ 0.900  0.895 ©1.00* 447 .86
- 25 -70.60 176.10 . 5;]00* 0.905- 0.900 . -1.00*  355.38
26 - 170.60  199.80 _‘2.400* - 0.905 0.900° - 1.00* - 286.00
27 T7O;602_=229.90‘ 11.050% 0.905'  0.900 - 1.00* .S\§24;DO ‘
28 ' .70.60 259.70 15.600* © 0.910 0.900 . 1.00*. 81.50
29 - -70.60 300.10 23.000* - 0.910° 0.900 . 1.00* - 142.00
300 70:60 350.00 - 34.150* - 0.910 .0.900 - 71.00* 109.49
31 70.60 439.0Q . 29,200** 0.910 ~ 0.900 . 2.50% 186;50
132 . 70.60°  439.00- 28.800** 0.910  -'0.900 - 2.50* - '186.50



S
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..900*

855

;TABLE C-25
OBSERVED DATA FOR SAMPL[ ss 2-A \
. , 600 3 N, .
T2 3 4 5 6 o 7 8
,(ND)‘ : (Pb) (Pe) (P) _(TCe): (TCWQ (V) _(tm)“
B 70.85 - 2.000% 0.050 - 0.875  0.875 100.00  1138.00
2 70.85 - 3.00%* -0.050  0.875  0.875 .100.00 744.80
37 70.80  4.00* - 0.050. 0.885 - 0.885 100.00 553.70
4 - 70.55 . 5.025* 0.050 - 0.865  0.855 100.90 434,50
-5 70365 . 6.000%  0.050 - 0.865  0.855 100.00 362.50
6 .70.55. ~8.000%. '0.750 0850  0.880 100.00 265.70
-7 70.55 10.000* 0.100 -, 0.860 - 0.865 100.00 208. 60
8 70.55  13.000* .° 0.150  0.860  0.865. 100.00 .- 155.00
9 70.50° 16.000*: 0.175 .. 0.860' 0.865 .100.00 122.50
10 70.50 20.000* 0.225  0.860  0.865 100.00. .- 94.55
B . 70.50  24.000* . 0.275 . 0.860 - 0.865 100.00 75.99
12 70.50 ° 30.000% 0.350 .. 0.860  0.860 100.00 .- .57.69"
©13° 7 70.50° 36.000% 0.450  0.860°  0.860 100.00 . ~ 45.80°.
14 .70.50. 44.00C* 0.600. - 0.860 - 0.860 100.00-. . 35.30
15 - 70.50 - 54.000% .0.800: -~ 0.860 ~ 0.860 100.00 - . 26.74
“16 70,50 32.00  1.150 - . 0.860. 0.860.100.00 .~ 20.50 -
17 70.45 - 40.10 - 5.500  0.860 - 0.860  1.00% - 4206.30
.18 70.45 50.00 ° 6.500 0.905 - 0.905 . 1.00%, 3026.63
19 70.23  62.00°-  7.500°- 0.830  0.825 1.00* 2148.76"
20 70.23 76.00 .~ -9.950 . 0.830  0.825 . 1.00* 1553.13
21 70.23° 92.00  -13.700 0,840 . 0.835 - 1.00*- 1134.00 -
22 -70.23 - 110, 20 19.600  '0.840  0.835  1.90*  835.80 °
23 - 70.23 130.00 -28.800  0.850  0.840  1.00* .. 629.00
24 -70.23 150.10 - -3.050* 0.850 = 0,840 1.00* - 490.00
S 25 70.23.180.00  5,125¢ . (0.850. 0.840 ' 1.00*  357.00 -
26 70.23 210:.20 .~ 8.100* 0.855  0.850 1.00* - -271.50
27 70.23 - 249.90. . 13.200% . 0.855 ° 0.850 - 1.00* 200,00
28 . 70.15 299.70 - 21.600*  0.905  0.915 - -1.00*  146.50"
29 ~ ©°70.23 339.80. 30.150* '.0.865 - 0.855 " 1.00*  118.85
:30° 70023 '399.90 0.865 0, . - 90.20

158
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;'TABLE 26

OBSERVED DATA FOR SAMPLE SS- 2 A
800 4, N2 '

g

———

—_’

o

®

"\' . . .
— P
P .
" : .
———

s

N

—

——
-1
.

930 100.00.  753.00

<O
w
o

3,05 ‘0.150

ed
-—

1- 70.03 3 0. )
2. 70,03 4.90%- 0.150 - " 0.930. 0.930 100.00. 457.20
3 70.03 " 6.90% = "0.150 .930 - 0.930 -100.00  318.00
4 70.03 - - 8.,00* . 0.150 .930 .~ 0.930 .100.00  271.75 =
-5 69.95 11.00% - 0.175 .930  0.930 . 100.00 - 191.85
6 69.95 15.00* -0.225 . 0.930 . 0.930-100.00 - 135.00 .
7 69.95 ~ 20.10*- - 0.300° . 0.930  0.930 100.00 96.00
8 © 69.95 26.00%. .0.350 - 0.930 - 0.930 100.00 . 70.30
9. 69.95- . 34.05* ° 0.450 © :0.930 0.930" 100.00 50,20 -
10 69.95 44.00* ~ -0.650 " 0.930° 0.930 100.00 - 36.20 .
69,95 . 54.05% =0{850"‘ .930 ' 0.930.100.00 " 27.40
© 69.95- 34.00 . 1.300 925 0.930 -100.00 .- 18.82
69.95 - 44.00 ~ 2.000. - 0.925 - 0.930 100.00 13.20 .
. 69.90 55,95 6.200 . 0.940 . 0.940  1.00% 2602.94 g

940 . 0.9%0 - 1.00% 1820.55

1940 © 0:940  1.00% 1303,
1905 0.900 - 1.00%  942.
1905 0.900  1.00% . 608.5
.905  '0.900  1.00% . 447.
.920 - 0.915  1.00% " 331.

. 69.90  70.00° " 8.200
1 69.90  86.00 "~ 11.400
©69.85 104.00. . 16.400
. 69.85 134.00 . 2.150
" 69.85 160.00 . 3.450%
. 69.84 -189.95  '5.650%

PO et ot emd e ek d et et
QWO U W

™ A .
IREN S
BRSO - R R R R R e o R =

69.84 229.70 - 9.900%  0.920 . 0.915 - 1.00%  236.

- 69.84:269:70 *15.600%  0.920  0.915  1.00* . 178.(

© 69.84.320.00  24.770% -0.925 0.925  1.00% 133.

24" 69.84 319.90 . 24.700 - 0.925 © 0.925 - 2.50% 338

25 " 69.84 579.70 . "38.150* 0.925 - 0.925 - “2.50% . . 257.
26 ' " 69.84.°449.00-  27.850%* 0.925 . 0.925 = 2.50% 188, 3




APPENDIX D

TABULATED 'PROCESSED. DATA AND RESULTS OF
~ PARAMETER ESTIMATION TECHNIQUES -



P(EXT

(PSIA)

0.145173F
" 0.14R120E

0.153031E
0.157943E
0.163837F

0.170713E.

0.178572¢E
0.189675E

. 0.199498F

C0J2117T1F
. 0.228968E
0.253894F
0.282995¢E
0.317376E

0°.356625E

0.401566F
0.455857€
- 0.495357E
0.535357F
0.585357E
0.655108E

.0 .T3535RE
0.835388E

'0.95510BE
0.107535E
© 0.133535¢

0.163535E

0..203535E
0.253335F

0. 313935C

0. 41?935E

n2.
02:
02

ne

02
N2

02 ..
05
N2 !
02
92
0z
Nz

02

N2~

02 -
N2
02
a2

02

n2
02
2.

n3

03
03.

03

03
03

“TABLE

'h_l

INPUT AND PROCESSED DATAi

CUNET. anFINFMFNT“pRFSSURE“

TEST-METHOD USED -

_GAS-USED AS FLOWING FLUTD,

SAMPLE
" RUN -

;P(NELL)k

-{PSIA)

0.135841F
0.135841F

0.,135841F"
‘0,135841€
0.135841F
0.135877F

0.135895€
0.135720F

0.135756E:

0.135774E

0.135828E"
0.135862E

0.135973E

0.136045F
0¢135971E
0.,137488F
0.137813F

0, 1380 59€

‘0.138427E
0.,138796E
0.139532E
0. 140515E
0.141742F

0.144444E
0.147391F

0.156232€
0.171212F.
D.199454E

0.244149E

.0, 310701E
0. ﬁ41357E

NUMBFR

02

02

02

02
02

02"
02
02 -

02
92

02
02
02
02
02"
02
02 .
02"
02
02"

02

0z

bes
02
N2
020,
. 0.,367518F 00
0.512734F 00

02

02"
nz.

02

NUMBER

FLOW RATE
_(MSCF/D)

0.453649F-03

0.60097DE=-03 -
0 LASO5L0E-03. .

nNy1112026-02

0.142384€-02 .

0.179367F~02

0, 225998F-02
0,2938156-02
0+353372F-02.

N.433380E-02
0. 556828&*02

7. 736979E~02
0.977411 =02
-.0;128186E-01

B.167510E-01 .

N..213948E=-01

0.276338E-01 "
n.326193E~01 "

0.377525E~01
) . 6464601E-01

0.549054E-01"
NebTT311E~01 -
0 «R49688E-01 -
n,107290F 00

0131 023E 00

7.181784E 00

0.261760F 00

0.,707171E.°00

0.100759E 01

o W

6

CASE-1
‘NITROGEN
LS-1
1A .

ity nnnon

R YISCOSITY

(cP)

04176074F =01
L 0.176151F-01

0.176154E~01
0.176264E-01 -

0,176267E-01.

0,176271E-01

- 0.,176336FE=01

0.176395F-01
0.176385E-01
0.1763916-01

‘0.1764019-01
0.176414E-01.
0,1T6430E-01"
0.176464E-01

0.176628E-01]

“0.176653E= =01’

0.176795E-01 -

0,176817E-01.
..0.176893E-01"

$.176921E=01 .
0.176959E-01
0.176836E-01
0.176891E-01

‘0.176958E=01

0.177025F-01

04177256E-01-

0.177429E-01
0.177664E-01
0:178073F~01"

0.178447E=01"
0.179107E~01"

00 PSIG

161

MURT%2

LCPEDEG” R

 0,932889F
 0.933829F
0.933840F

0.935173€
0.935187¢"
0.935202€
'0,935967F"
0.936646E"
0,936 4B2€

- 0.936510F
(0,936551F"
-0.936608E

'0.936942E
T 0.,938794E

0.93A8901E"
0.940617E
0,940510E
0.941275F
0,941393E
0,.941559E
0.939687F

0.939924F

0.940211F
0.940501F -
0.942184€
0.942931F

0:943954E 0

0.946635E
0.948282€E

Vo

01
01

01
01,

01
01
01
01

01
01

01

01

ol

01
‘01

01
01
01
01 .
01
01

oL

o1
01

. 0X

o1,

0.951450E 01

6



EES

.TABLF D=2

NUMERICAL PARAMFTFR FSTIMATIDN TFCHNIQUF

THF GAUSS NFNTﬂN MFTHDU

1.E. A NDN LINEAR LEAST SQUARES: ALGDRITHM -

-ITER
.NO

IN. GUESS

NH W

a

Ca ]

’SUM OF ERROR SOUARES

VARTANCE

< 0.17610F-01
~0.10538F Q0 -

. 0.57328F 07

'1.00000,,
o ,46;952ﬁ7'_?f7

' 0.90088

Ve

LINEAR SQHARES ESTIMATES

K -

CMn)

0.1183E
0. 6251E
0. 7546F

0. 779?E

. 0UTT97E
0 TTOTE

 STANDARD DEVIATIONv

'coRhELATInN*MATRix"

-0 95247

;.~0.75583, o

02
01

01
01
oL
01

-0.10538E 00
0.69509E. 00 .

-0.31417E 08

1 00000

n_nwr.i

"'B
(PSIA)

-0 4356F
0 .8633E

0.9372F
0.9175E

- 0,9183E
0.9183E

;VARIANCE“CUVARIANCE:MATRTXI‘_.."

. =0.78583-

Ol
01

01
01

01
0o1.

_FRACTIONALJHQBOSITY”; o.omae=o1

0.1603E 02
0.5725E 00 .
10,7566 00

f1.60000;

 35‘

0. 1395F

0.3084F
© 0.3084E
0.3084F

",FB .

'(l/FT)

0.2791FE
0.3116F

© 0.57328E 07
~0.31417E 08

. 0.22994F°16

0.90088. .

W

“10

162

100

10
10 l\ .
10




©.0BS. FUNCTINN

0. 14517E
0:14R12E

~ 0.15303F

0.15794E
'0,16383F
0, ¥T07 1€

- 0,17857E

0. 18947TE
0,19949F

0.21177F

0.22896F

0..25389E.

.- 0.28299F
- 0431737E
¢ 0.35662F

04N 156E

 0.45585E

. 0.49535E

B.53535E

'0.,58535F
'0.65510E

0.73535€-
0..83538E

" 0.95510F
0.1N753F
. 0.13353F
T 0.16353E
- 0.20353F
 0.25333F
0431393F
0. 412935

ey

02
ne

02 .
02
02 .
n2

02

0z
N2 .

N2

02 .
nz

n2
n2.

02

02
62
N2 - -
nz.
ne. -
02
0z

02

e

03
03
03
03 .
03 .°

n3 .
033'

. CALC.

0.15090F

“TABLE D-

0.14394E

0.14658E

0.,15551E
04160 T8E

0. 174R3F

0.18565F
" 0.194R1F

0.206RGEF

- 0.22505E

0.24933E,

0.27998E

0.31549E

0,350 6
 0.40291E

0.45974E
0.570 B4E

0 540 69F
0. 397 H3E

0.66037E

0.7397SE
0 .83R94E
0.95727E

0.,1N737F

0. , 132R4E
" 0.16281E
0.20218E

0.25275E"
0.31681E

. 0;41484E5

3 :
FUNCT ION

02

02

02
o
0’ .

02
02
02

02

02 °

02

02

02 -
02

02
02

02

02

02 0

03

03

03
03

03 .

. ERROR

02
07
02 .
02 .

02 .

| 0.84783F
0.10547E

- 0.13903F
0415369F

0.18622F.

0.22103F
0.20920F
0.21206F

- 0.23477¢

"0.23042F
0, P707OE

L 0LLT9TTE

0:10641F

lo 59384F
- =0.40270E
~0.58446F
~0,85169F

-0,11073F

-0.99775F
- ~0.93626F
-0.804 18E
- ~0.,59789¢F
=0, 6263 TF
. =0.22666F
- 0.15232E

- 0.43B64F
'0.66248E

- 0.23069¢F

 =0.91719E
© 0426368F

(PERCENT)

00
01
01
01
01

01
oL
01

01

0ol .

01
01

0l
60 -

00
00

00

01.- .
00
."00‘

00

00

00

00 )
00 .
00 i
00 -
00

00
00 -

oo

163




CP(EXT).
(PSIAY

0.146364E 02 -
0.149802E6°02

0.155205€ 92
" 0.161099F 02
0.168221E 12
9.175834E 02
0.1846429E 02

0.196611E 02

 0.208399E N2
04223723E 02

0.234133E 12
. 0.259182F 02

0.283003E.02
- 0.322541E 02
~0..370920E.072

0.424702E 02.°

0:454664E 02
0.495664E .07

0.536584F N2

0.584584E 02

0.654584E N2

0.734584F 02
0.834584F N2

0.,954584F 02

"0.107458E 23
0.133458F 03

0..163458€ 13"

0.203458E 03

" 0.253458E 03 °

" 04313658E 03

TABLF D=4

- INPUT - AND. PROCESSED DATA -

0.3N5262E 02

. ONET CﬂgFINEMFNT PRE SSURE
: VING FLUID,

"0.581115E 00

0.225572E=01

164

600 PSIG

MUs T#Z

(CP%DEG, R)

0,118207F
0.118302F

0.118303F.
. 0,118305F
“0.118348E
0.118350F
0.118352E.
“0118354E

0.118357E

0.,118361€
C0.117444F

0.117553¢
- 0.117663E
0.117733F

0.117838%

0.117850F,
"0, 11802 3F
0.1180706
0.117438E

0.117533F

0.117418E

0.117616F

041176368
S 0.117TT704E

0.117893¢
0.117652¢

"0,11B022E
"0.118120F
-0.118553E

TEST=METHOD. USE = "CASE-1 ;
GAS USER. A = ARGON -
SAMPLE. NUMBFR = LS~1
"RUN - NUMRER =.1B.
o PIMELL) . /. FLOW RATE - VISCOSITY
APSIAY - - (MSCF/Dy - Co(eP)
0.135067E 02 0N.43B630F-03 0,223493E-01"
0.135067E 02 - 0,572430F-03  0,223574F-01
0.1350676° 02 0,8058906-03 _0,223578E-01 "
0.135067E 0.2 0,1050926-07 0,223582€~0)
,0.135067€ 02 0.136281E-02" 0.223622E-01
‘0.135067E 02 "0.1T0987E-02 " 0.223628F-01
0.135067F 02 .0,211760E-02 - 0.223634F-01
0.135007F 02 0,272368E-02. 0,223642F-01
- 0.135064E 02 1,333444E-02 © 0,223650E~01
0.135097E 02 0.416805E6-02 = 0,223661F-01"
0.135345F 02.° 9,4832826-02 0,222890F=01
0.i35381E 02 . 0,634184E-02" 6,222995F~01
'0.135453E 02 1,7896376~-02 . 0,223100E~01
"0.135579E 02 0.107091E-01 :0.2231815-01
00136175F 02 H.145356E-01 0.223294F-01
0.136970F 02 0,191847F=01 0,223332F=01
0.137129F 02 0.219619E-01 0.223493F=01
0.137571FE 02 .0.260300F-01. 0.223554E-01
0.136450E 02 0.304833E-01 0.,223047FE=0)
0.136941F 02 0.360.070E-01 .0.223152E~01
'0+137531E 02 0.439390E<01". 0,2230956-01
.0.138513FE 02 0.544883E~01" 0.223302F-01
0..139987F- 02 1.684872F-01 0.223374E=01
-0.142050E 02 0.R69096E-01 0,223495F~01
0.145389F 02 N.106599F 00 0.,223716E=-01
0.154721E 02 0.154568F 00 0,223908F~01"
0.169702E 02  74213900E 00 - 0,224135F~01
0.196716E 02 0.303359E 00 0.2244456-01
0.240429F 02 0.,426572E°00. 0,2250756-01

0.118724F

02
02
02

02
02

0?

02.
07,

02

02

02

~02

02
02

Q2
02’
02

02

02. -
02
02
02

02

02 . L
o5
02 -

02 .

02

02

s
— S



s mel,‘ .

‘;'I,E.

ITER
NG

VTP WM -

.

: rNg_GuEsS'

FRACTIONAL POROSI TY

b.2§3005'07k

U'-o 95963

0 91502

0. 60698E—02

»50.341665—91

- 1.00000‘

= SUM'OF FDPGR SdUARES
© VARTANCE |
“STANDARD DFVIATInN

CORR ELATIDN MATRIX
| -0 95963

'1 ooooo

ﬁs 0. 81456

.0.20883E 60 - :

»,—0;152995=03

-o 15299F 08
| 0,168925»16*"

. .. . :
e
%

© 0.91502

 -0.81456

1.00000

165

»...**SQt;/ _ |
- TABLE D-5
NUMFRICAL PARAMEFFR ESTIMATIDN TFCHNIOUF
The GAUSS NEwTﬂN METHOU' .
A’ NON-LTNEAR LEAST SQUARES. ALGNRITHN
LINEAR. SQUARES ESTIMATE
ok B FB.
(MD) - (PSIA) (1/FT)
0.11B3E 02  0.4356E 01 ~ 0.1395F 10
.. 0.6281E 01 . O.B705E Ol . 0.2704E 10
0.7569E 01 0,9433F 01  0.3005E 10
"0.779RE 01 _ -0.9299E 01 . D.2965F 10,
0.7802E 01 ~ 0,9304E 01 -0.2965F 10 .
" 0.7802E 01 - 0.9304€ 01  0.2965F 10/
=:0,98¢3E-01'f->
= 0.3707E 01
= 0.1373E 00 -
= 0.3705E 00
-VARIANCL COVARIANCE MATRIX' S
-o 34166E 01 . o 29300F 07



ot
)

 0BS. FUNCTION |

0.14636E 02
0414980E N2

- 0.15520E 02
0.161N09E202

. 0.16R22E 02 .
0. 17583E 02

0.1B442E 02

0.19661E 02
020839 02
0.22372E 02

10.23413F 02
0.25918E 0.2

" 0.28300E .02

0.32254E 02

. ..0437092E 02
" 0.42470E 02

0+45466E:02
0.49566E 02
0.53658E 02

0.58458E 02

0 .65458F 02

- 0.T3458E 02
' 0.83458E 02

0..95458E 02

0.10745E 03

' 0.13345E 03
0.16345E 03

0.20345€ 03
0.25345E 03

!

0.31365E03

.0.,17237€ 02
0.180 T4E 02
0.19274E 02 .

- 0¢21983E 02 - .
© 0.23141E 02
0.25655E 02
" 0.28094E 02
0w.32156F 02
0.371R82E 02

TABLF  D-6

CALC., FUNCTION
0.,14497E 02
0.J14788E 02

0.15318F 02

0.15842F 02
0.16509E 02

0.204649E 02

_0.42650E 02

0.45696E 02
0.498R4E 02

0453958t 02

0.73767E 02
0.B3699E 02 .

0.589R1F 02
0.65530E 02

0.95694E 02
0.107A0FE 03

. 0.13370F 03
0.16263F 03

0.2)253E 03
0.25371F 03

0.31397E 03

ERROR (PERCENT)

0.95079E. 00

- 0.,12785F 01

0.13026F 01
0.16598F 01

0.18593E 01~ -
0.19684E 01
- 0.20003€ 01

0.19687F 01

- 0.18723E 01

- 0.17361F 01

- 0411619€ 01
0.10127€ O1
0.72691E 00

- 0.30319E 00
-0.24460E 00

-+ =0.42319E 00
-0,50639F 00 -
-0,64231F 00

-0.55852€ 00
~0,89506E 00

~0.11042E 00
~0.42131E 00

- ~0:28869E 00
 =0,24768€ 00 -
. =0.13261F 00 -
~0,18410E 00,
0.50085E° 00

0.45295E 00

 =0.10116FE 00
~0.99689€-01

166



i
ﬁ}

PR I
Al

PLEXT)
" (PSIA)

0.142241E
0.146171F
0.150223E
0.154766E
0.16188BE

0 .168027€
‘0.175640E

0.184481E
0.196514E

" 0.208057E
" 04.223774E

0.238509E

"0.261839E

0.284971F
0.314971E
0.344971E
0.384971F
0.436971F
0.484971F

L 0.534971E
0.58497 1
0.654971F

0.734971F
0.834971F
0.954971€
0.107697€
0.133497E
0.163497E

T 0.203497€
. 04253497
0.313697E

02
02

02

02
02

nz
02

N7
02
02

nz2 -
n2
0y
N2 -
n2

N2
D2
02
0?2
n?
0?2

nz

02

3270
0?2

N3

03 .

13
03

23

03

~ INPUT AND PROCESSED

~

TEST-

s

SAMPLE

CP(WELLY .
. (PSIA)

0.134BT4F
0.1348T4F
0.134B74E

" 0.134B74E°
"0.134874F
0:134874E
0.134874E

0 134874E

0.134910E-

0.134928E
D.134982F
0.1350 18F
0.135091F

0.135830F
0.136149F

0.136321F
0.136444E
0.136935F
0.137328E
0.137525F

"0.13834A0E

0.138998F

0.14)177F
.141970E

0.145039F
0.148969E

0.16)634E.
0.178929E.

0.211714F |

0.263900¢

TABLE

NUMRER-
RUN  NUMBER -

02
02

02
02
02
02
02
02

02
02

02

02.
02

02

02
02’
Q2.

FLOW RATE

(MSCF/D)

0.548390E~
D.R35960F -

0.,117177C-
N.153611E~

0.,2109196~

0.263649E-
O 330355E~
0 4154476~
O 833454 F~

0:5451655—
0.816057F—
N.919268E=
0.125718E-~
n,154385E~
0.194578E~
N.237678F-
0,299760F=
N.387603E=
.0, 4T5836F~
0 JRT4503F-
0.,677563F-
1 .837640E~

0.102614F

,128855E.

0,162861F

" 9,199192E
D.283248EF
1.389892E

0.,550956F

n.750578E"

O 339539F QNf 0. IOO?QAF

n-1

NET CONFINEMENT PRESSURF
“METHOD USED .~
GAS USED AS FLOWING FLUID.

03

03

-02

02
02

-02
02
-02
02
02
02
02
01
01
01
01
01
1

01

ni
01

01~

00
00

00.
00,
00
00 0
00.

00

0l

xljhn non

DATA

CASE-T .
MFTHANF
LS-1
1c

VISCOSITY .

(CP)

"0

-0

600 PSIG

0.110645C-01
0.110645FE-01
0.110645F=01"
0.110645€-01
0.110645E-01
0.110645E-01
0.110645F~01
<O,110646Ev01_
0e110646E~01
0.110646F=01.
0.110646F-01
0,1106475~01
0.110647TF-01
0.1106128-01
0.11064%8
0.1106488 -0
0.110650F-01 .
0.110615€E-01.
0.110616E-N1
0.110653F<01.
F.0.110654F-01 -
0.110655€-01
0.110657
0.110654
'0.110678E-01
0,110680F-01 -
:0.110706F-04
. 1107136~0¥
o ,110702F=-01
"0.110715E+01
0+110730E-01

1
1

1
01

167

A
. MURT*Z
(CP*NEG RY

0.586259F

0.58K246F
0.5B6232E

. 0.586216F
0.586191E.

0.586170F

‘0 5861 46

0.586113F
0.586071E

0.5B6031F
0.585977F.

0.585926F

0.5BSR4SE

3

0.585322F

'0.585657F

0.585553F
0.585414F
0.584792F

0.584892€F

0.584716F "
0,584472E

“0.584192F

0.577782F
5472E

‘0.583841F

0.583613E
- 0.583179F
0.58249TF
0.581403E
L0.579672E

0'._5

v

01
01
01

01’

01

01
01

01

01
01

01

0

01
01
01
01
01

01

01
01
01

01

01
01
01

01

01
0l

0.1

a1

Bl

01 -

s

1 o



<

VJABLE,

P-8

NUMFRICAL PARAMETFR FSTIMATION TFCHNIQUF

1.E.

THF GAUSS- NENTﬂN ‘METHOD

168 -

.\ o

A NONZLINEAR LFAST SOUARES ALGORITHM
LINEAR‘SQUARESVESTIMATES
ITER ok B FB
N BN TOT (PSIA) - (1/FT)
CIN. GUESS  0.1183F 02 © 0.4356E 01  0.1395F 10
1« 0.6523E 01  0.6896F 01 0.2846F 10
2 0.77T10E- 01 . 0.7449E°01  0.3173E 10* |
L3 0.7902E Ol - 0.7349E 01 -0.3145E 10
4 0,7905E 01 0.7352€ 01  0,3145E 10
5 [ 0.T905E 01 ° 0.7352F 01  0.3145F 10
FRACTIONAL'PORDSITY = 0.1114E 00 b
SUM OF ERROR SQUA&ES = 0.2868E 01 - &
VARTANCE . =" 0.1024E 00
STANDARD ‘DEVIATION = 0.3200€ 00
Li\"\ ' ‘ A .
VARTANCE-COVARIANCE MATRIX
' : : o i B . ’

S 0.64062E-02  -0.32484E-01 = 0.20468E 07
~0.32484E~01  0.17763E 00 =-0.95950€ 07
:0.20468E_01 -0 .95950F 07 - 0.79629F 15

. HOBE O | - 625t

._CORRFLATION MATRTX -

11.00000 ~0.,96295 - 0.90625 %
~0'.96295 1.00000  , ~0.80675

4 S . ) ' ’
0.90625 -0 80675; .

1400000




-

1Y
_“7%’ 0BS. FUNCTION

0.14224E 02
0.14617E 02

0.15022E 02

0.1547T6E N2
0.16188E 02
0.16802F 02
0.,17564E-02

0.18448E 02
0 +19651F 02

0.,20805E N2

0.22377€ 02

C . 0.23850F 02

0.26183F 02

0,28497E 02
0.31497F 02 .
 0.34497E 02

"0 +38497F 02

0.42697E 02
0 48497E 02

0.53497E.02

0.58497E 02
0.65497€E 02

 0.T3497E 02

- 0.83497E 02
0.95497E 02

0.10769E 03
0.13349E 03
0.16349E 03
0.20349E 03

0.25349E 03
0.31369E 03]

TABLE D=9 -

0.14174E 02

0.14518E 02

0.14937E 02

0.15372E 02

0,160 34E 02

0.16639E 02

0.17382F 02

0.18322E 02

- 0.19566E 02
0.20671E. 02"

0.22327E 02
0.23813%. 02

. 0.26218F 02
'0.28549€ 02

"D.31590F 02
0..34604E 02
0.38628E 02
0.43837E 02
0.4B656E 02
"‘0.53677E 02
O .58580E. 02

0.65685E 02

0.73420F 02
0.83433E 02

0.95463F 02
" 0.10743E° 03

0.13300E 03
0.16276E 03

. 0.20468E 03

0.25379€ 03
0431327 03

. CALC. FUNCTION - ' ERROR (PERCENT)

0.34861F 00
0.67138F 00
0.56264F 00

0.67195E 00

0.95237F 00

0.97140E 00

0.10357F 01

0.68212F 00

0.43198F 00

0.64549E. 00
0.22486F 00
0.15699€ 00

~0.13055E 00
-0.18331F 00
-0429512F 00
~0.31176E 00 '
-0.34097F 00

~0.32047E -00
-0.32841E 00

' =0.33793F 00
~0.14167E QO .
-0.28832F 00"
0.10463E 00
 0.75638F-01
0.34784E-01.

0.24604E 00
" 0.37188E 00
0.44842F:00

' -0.58470F 00 .

=0.,11604F 00

0.13547E 00

‘V

169



" PUEXT)
(PSTA)

0.139496F

O.141460E
0.144407E
‘0.149319E
“0.154230F
0.,159239¢
0.169062EF
0.178885E
0.193620E

©0.,208354F

-0, 22800 1F
02574 10F
0.,282318F
0.311788F
0.351081F

0 .409529E

0. 4558T4E
0.535374E
0.634874E

0 T348THE

0.835124F

0.934874F

0.108537F
0.118687F
L 0.133687F
0.148487F
0.163487F
0.188487F
'0.213587E
0,263569E

0.318087E )3

n2

02
02

nz.

1)2

02

N2
n2
12
02
N2
02
12
02
/)2
n2
n2

n2.

N2
0?2
0.2
0?2

N3

03

3.

03
)13
03

W3

03

.0.134789E
0.734915F
ND.o135260F

0, 13T1T4F

0.141013F

"0 .149854F

" 0.162870F

" 0.206485E

0.315621F

TABLE

p-10

INPUT AND PROCFSSFD DATA

NFT (ﬂNFINEMFNT PRFSSURF

TEST-MFTHOD USED

GAS USED AS FLOWING -

SAMPLE  NUMBER '

"RUN NUMBER

PWELL) FILOW RATE

(PSIA) (MSCF/D) -
0.1345846°02 0.229800E-03
0.134584E 02 0.323090E-03
0.134584F 02 0.6646950F-03

0,134584E 02~

D.134584E
0.134681F
0.134681F
0'4134735C
0,134771E

02

02
02

N2
02
02
02
Q2

0.134825F

0.135368F
0.135476F
02
02
02
02
02
0?2
02
02
02
02
0z

0.13679MF
0.137330F
0,138189F
0.139466F

0.,142782¢E
O- llbbf)(')ZE

0. 155994F

0.171465F
0.187919F

0.253303E 02

02.

02

02.

02
n2.
02

02

0.710360E~03
7.961840F-03

0.121934E=02
o 17503 7F~02

«2318206-02
) 318854E402
0.416215F+402

9,551059F~02

0768486502

N.9B4THHE-02

0.125385¢

N.1634578-01
0. 223740F%01
). 277845F=T
N4378733E501
).521510? 01

0.679046E-01
0.855086E-01

0,.104005E -00

N.134069E 00
04156164F
7,190 T66E 00

0o

0.226098E 00

") 4264510F 00

0. 330805E ]y

N.4019 00
05424 &’ 00
n.72275 8E 00

FLUID

800 PSIG:
CASE-I
NITROGEN
Ls-1

2

HIE | T R

Hou

VISCOSITY

{cp).

0.176692FE-01

0.176734F-01
0.176736E-01
0.176486E-01
0,176415E-01"
0.176744F-01"

0.176882€~01
0.176887FE-01
0.176896E~01

0.176904E~-01
0.176838E-01:

0.176854F-01

"0 175655E-01

0.175671F-01

0.175692E-01
. 0.175725F~01
0:175766E-01
 0.175850E-01

0.175905F=-D1
0.175960E-01

0.176015F=01

0.176102F-01
0.176186F-01

0.176243E-01
0.176328E-01.
. 0.176413F-01

0.176500F~-01

0.176646F~01 -

0.176794F-01
0.178082E-01

0.177434E-01

170

MU T%2
(CP*DEG R) ..

0.9405298 01

0.941047E 01

0,941054E 01

0.937951F 01

0.937060F 01

0.941089E 01

- 0.942748E 01,

0.942771€ 01}
0.942806E 01

- 0.942841E 01

0.941951E Q1
0.942020EF 01

0.927138F 01

0.927204E 01

0.927427E 01
0.927732E-01
0.928410E 01

0.928A36E 01

0.928R64E 01
0.929094E 01

0.929714E:01 -
0,930065E 01

0.930303E 01
0.930660¢ 01
0.931014F 01

0.931378E 01

0.931992F 01

09326176 01 .-

0.946244E 01

0.935334E 01

3




TABLE

- D-11-

NUMERICAL PARAMETER ESTIMATION TECHMIQUE.

 THE GAUSS—NEWT

AN METHOD

1.E. A NON-LINEAR LEAST SQUARES ALGORITHM

" LINEAR SQ

ITER . - K~
NO - (MD) .

IN: GUESS . '0.7800E 01 0.

1 . 0.,7625E .01 O,
2 - 0.7629E 01 0.
3. 0,7629E 01 - 0.

 FRACTIONAL PORDSITY = 0,950

0.48

SUM OF ‘ERROR SOUARES

VARTANCE - s
STANDARD -DEVIATION -

TRTO

VARTANCE=COVARTANCE MATRIX

-0.39459E-01  0.26655E. 00

0.28365E 07 =0.15978E. 08

CORRELATION MATRIX
©1.00000  =0.95815
-0.95815 . ©1.00000

0.89927 ' -0.78265

0,4140E 00

WARES ESTIMATES

g7 F.8

(PSIA) © . (1/FT

9183E. 01  0.3084F
9794E 01 '~ 0.2975F
9793E 01  0.2975€

9793E 01. 0.2975E

¢

9E-01"

00E 01 .
14E-00

.
_ /
0.63627€-02 - =N.39459E~01

0.28365E 07

~0.15978F 08

0.15636F 16

0.89927

" -0.78265

~1.00000

“

.

RE
10
10
10

e

WAy

3 v
v




0.13949E
0.14440E

0.14931E

"0.15423E

©0.25T4TE
'0.28231F

0.15923E
0.16906E
0.17888E

0.19362E
0.,20835E

0.22800E

0.31178E

' 0.35108E

0.11 .
e 0»13_3.6‘8 )
.0 .14B48E

0 .40952E

0.45587E

-0 .53537E

046348 7E
0.73487E

. 0.83512E
0.93487E.

0+ 16348E

0.18848E. ‘
03

0.21358E

‘FO,26356E
'0.31808E

. OBS. FUNCTION

02
02

02
02
LY I
02

N2

02 .-
n2.
02

02
02
02
02
02

02
nz -
02
02

0¢

02
02

03
03

03 ..

03

03

03

-, TABLE D-12

CALC. FUNCTION

0.13R66E 02
0.14032F 02
"0.142R81E 02
0.14709€ 02
0.15144E 02

0.15611F 02
" 0.16520E 02 -

'0,174RYE 02
0.18872E 02

0.20402E 02
_0.22377€ 02
. 0.25351F 02

0.27935E.02 -

0.31110E 02
0./3527 8E| 02

© 0.41102E 02
. 0.45843E 02

0.53R83F 02

0.63956E .02

0.73884E 02
“0.84016E 02 -

0,93857E 02
©0,10860E 03 -
 0.11874E 03
. 0.13376F 03
. 0.14825E 03

«16333E 03

"0.18807€ 03
0.21340€° 03
 0,26248E 03"
T 0.31994E 03

0.59264F 00

. 0.80583F 00

0,11006F 01
0.14909€ 01
0.18031F 01
. 0.19605E. 01

© 0.22801F 01
0.22757E 01

"0.25261F 01

0.20801F 01
0.18556E 01

172

[aRE

ERROR o( PERCENT)

t

2’

“0.15379E 01 , = *

-~ 0.10513E 01/

. 0.21921F 0

. '=0,28685E/00 -
. =0.36467F 00"

~0,56166E. 00

20.66699E 00
© -0.73833F 00
© ~0.54087F 00 -
- =0.60357€_00

-0.39608F 00

0.21719E 00
0.85128E-01

~ . 0.41113FE.00°
~=0,299528 00

\

.

- ~0.59833FE-01 "
~=0+49908E~01
~0,60561E-01-

-~ 0.15566E 00
0.94173E-01




WD 00~ O NP P R

USING T

TABLﬁ-*néla

-

FLDW RATE- PRFOICTIONS

NHFRE K—

Q0(0BS.)
0.229800F203 -
0.323090E-03
0.464950E~03 -

0.710360E-3

0.961840E-03

0.121934E-02

0.175037€E-02
0.231820FE-n2.
. 0.318854E-02 .
0, 416215E-02
0.551059E-02 °
- 0.T768486E-N2
© 0.984T6RE-D 2
0..125385F-01"

0.163457E-01

0.2237T40E-N1"
042T1845FE=01 -
- 0.378733E-01
‘0.521510E-01
0.679046E-01"
'0.855086E~01
0+104005E nn. -

04134069E 00
0.156164E 00

' 0.190766E 00 -
0.226098E 00 .

0.264510E 00

0.331805E 00
0.401999E 00
0.542485E 00
0.+722258E 00

THE ESTIMATFD PARAMETFRS K.B AND FB

0 7629E 01 MDS -
" B= 0,9793F 01 PSIA

FB=" 0., 2975E 10 1/F%

00(PRED.+_

0.255120E-03

0.358419E-03

0,515241E-03
" 0.783344E-03
0.105583E-02
.0.132778E-02
0., 189188E-02"
0J247617E-02

338E-02 .

0.435746E-02

.~ 0.571914E-02-

0.790461E~02

0.162674E-01
< 0e222404E~01
10,275327E-01 =
0.374606E-01
" 0,515359€E~01 -
 0.673163E-01

0.846845E-01-

'0.103346E 00

0.133937E .00

.+ '04156036E 00

0.190581E. 00
0.22664YE 00

"0.264890E 00
0. 3318895,00
"0,402508E 00
~ 04545697E 00
0.719315E 00

'RERCENT ERROR

~0.110183E 02

-0.109348EF 02

-0.108166E 02 .
-0.102742E 02

-0.977194E 01

~0.889360E 01

~0.808512€ 01

S =04681446F 01
*0,64%ﬁ32E’01_' .
=0.469269E 01 =
-0,378465E 01

~0.285959€ 01 . -

- 0.100306E-01 ®0,185771E 01
0,125843E-01

~04365963F 00 .

. 0,478489E 00

0.596755E 00

0.,906139E: 00 .

0.103687E 01

© 0.117932E 01

0.866271E 00

0.963738E 00

'0.633054E 00
. 0.982081E-01
0.814314E-01
 0.967654E-01y

=0.240332E bo

=~0.143789E 00

-0+327712F 00

;fO 126726E 00
m-O 5920635 00

0 407411E 00

L4




COPLEXT) .
(PSIA)

0.139592E 02

104142048E 02
0.144504F 02
0.149415€ 02

0.154327F .02
9.159190F 02 0

0.169013E 02
0,178837E.02
1935716 G2

0. 208306E 22
0.233009F 02

0.257567E 12

0.29194RE 02

0+331241F N2

0.380357E 02
© 0.136721F
'0.,137053F

0.436T77E.02
0 4B4TTTE 02
0.53477T7E 02

0.635664E 02

Q.735164F N2

0.855164E 02

0. 9551646‘02
0.1085)6E 03
0.1236 6E N3

04139516E 03

'0,153516E N3
“0.178516E 03
0.213516E 03

" 0.264816E 03
" 0.313716E 03

\

:TABLE D-14

Q

: INPUT AND PRﬂCFSSED DATA

NET CONFINEMENT PRESSURE.

TEST~-METHND HISED

GAS USED AS FLOWING FLUID

- SAMPLE

PIWELL).
C(PSTA)

0.134681E
0.134681E

0.134681F

" 0.134681F

0.134681F
.134668E
0., 13468 6E

051347046
04134723F

0.134759E
0.134940E
0.134994€

0.135102E
. D.135211E

0.135427€E

0 1374 14E
8775E
O 4000 3E

"0.141773E

0.143904E

0.146952F
0.152109E

0.165862F

0.181087E

0.207364E

'0.25500 7F
03080 52E

NUMBER

02’

02
02
02
02
02
02
02

02«
02

92

02"

02
02

02
02

02

‘02
02"

02
02
02

o
02 .
02

02
0?2

02
02"

;i RUN NUMBER

FLOW RATE.
C(MSCF/D)

0.231260E-03
0. 355082E-03.
0.,673747F-03

.. 719868BE~03
0.969712E-03

nN.123697E-02
0,176311E-02°
.,  2325§7E-02"
0,3231456-02 -
0.414T03E-02"

04585467E-02

9 .7T80T5E-02.°
0.106569E-01

0:142278E-01
0. 191526F-01

N.253183E-01 .
0.310894E-01

‘N.374678E-01

©0) . 515896F=01

0.667635E-01

0. 874139E =01

0.106D17E. D0

0.131818E 00
04 164639E 00
0.20 1120F 00

423644278 .00

0.300026F 00
143953136 00
0 45%3B6RE 00

N.694392E 00

CASE-T

Ls-1
-3

-unxu‘dw:

'_VISCOS]TY

(CP)

0. 176622E—01
0.176624E-01
0.176625E-01

"0.176697E-01

0.176700F-01

S0 176156E-01
0.176162E-01 -
.0.17616TE-01"

0.176314E-01
0.176322E-01

0, 1763365—0{'
0.176406E-01"

0.176424E-01

0.176446E-01"

O 176473F-01

0. 17652%E-01
"0,176555E-01

0.176583E-01
0.176725E-01

" 0.1767B0E-01 .
0.176846E-01
o 176902E-01 ",
0.176862E701"
0. 17T060E-01
"0.177150€~01
L0.177231E-01
0.177376E-01

0.177723E-01

io 178033E-01"
-178334€-01

s

N1TROGEN. -

174

1000 PSTG

MURT®Z

(CP¥NEG R)

1 0.939673F 01
"0.939678F 01 .
0.939684F 01 .
0.940552€ 01
0.940563F 01 .
0.933852F 01
0.933RT4E 01
0.933896E 01

0.935641E 01

S 0+935675C 01

0.935733€ 01

0.936490F 01 -. :
0.936569E 01 .
0.936660E- 01"
.0,936775E 01
0.937220€ 01

0.937332€ -01
0.937449€ 01

‘0.938763E 01 .
0.938998E .01 - -
‘0.939282F 01

0.939522€ 01

10.93B444E 01
. 0.940201E 01 -
. 0.940591E 01 -
0.940938E 01
0.941567E 01
- 06944212E 01
0.945567E 01

0.946892E 01

hun i VoA TS 410 % et L e e oL ennine f

o

I B S




TABLE D-15

NUMERICAL PARAMETER ESTIMATLON TECHNIQUE

S o . THE GAUSS- -NEWTON METHOD . - ,
~«  l.E. A NON-LINEAR LEAST. SQUARFS ALGORITHM -

LINEAR SOUARES ESTIMATFS

ITER ~ - K 8  FB

IN. GUESS - .0.7630E 01  0.,9793E 01 ' o’?975E‘10

1 . 0.7591F. 01 ~0.9912€ 01  0.3065E 10
2 0.7592E 01  0.9908E 01  O. 3066F: 10
3 0.7592E 01 © 0.9908E 01  0.3066E 10

P ‘l

'FRACTIGNAL PanSITY S0.9267€-01 .o

'SUM OF ERROR SQUARES = 0 2882E OI
'VARIANCE : : 0.1067E 00

B STANDARD DFVIATION < =\0. 3267E 00

“VARIANCE COVARIANCE MATRIX e

o, 43856E~02 | 5.27008E-01 o 20207F 07
. 27008F-01 o, 180243—)“) ~0.11403F 08
0,202075,07_f —o 1146?2 08 'v:b;1133§E'15 oo

_CDRRELATION MATRIX _ |
1.00000 . -b. 96052 . 0.90812
'.140;55052'..'~,‘A 1.000007 . =0.79752 0t

.5?90512§.f7'4ffo,79752‘ffmj??fi;ooobo.f‘

175




0BS.

- 0.13959E
. 0.14204E
0.1%450F
OolQQ“lE
0.15432F
0.15919F
0.1690 1F
‘0.17883E

" 0,19357E

0.20830E
- 0.23300F
. 0.25756E
© 0.29194E
i 0.33124E

0.38035E,

0.43677E
0 .4R4TTE

0.53477F

0.63566E

0.73516E

- 0.85516E

0.95516E

0.10851E

- 0.12366E:

. 0.13951E
 0.15351E

~0.17851E

- 0.21351E

. 042648 1E
© 0.313TIE

FUNCTION

02

02

02
02

02
02

02.
02

02
02
02

02
02

02

02
02
n2
02
nz2 -
02 °
02
02

n3
03

03
03

N3

03
n3
03_

CALC.

TABLE D-

" 0.13R79E

0.14111E

0.14315E-

0414752E
0.15186E
'0.15635E

0.16513F

0.17443E

f’0;18915E

0.20300F

" 0D.,22798E.

0.25460F
0,290 72E

" 0.33142F
0.382209E

0,440 16E

 0.48923F

' 0.53946F
0.0 6407 TE’
0.73759E

0.85728E

0.95649E

0.10834E

. 0.12357E
0.13933F

0.15298¢E

: 0;178495‘
0 421346E"
" 0426456F

0.31406E

16
FUNCTION

02 -

02

02

02

02

02

02 . -

02

02 .
..O 2

02

02
02
02
02"
02
02
02

_ERROR

s

' 0.56823F

‘0+65999F

© +0.93081E

 0.12650F

0.15931E

-0.,17799F

0.22958€E

0.24622F
O' 22794’[:
0.25456F

0.21548E

. 0.11518E

- 0.41750€E

'-O 544 G5F -

~0.50838E

~0.77510E

' -0.91988E
- ~0.87579F

02 .

02 -

02
03

03

03 .

03 f ;
03

-0,80460F

=0.33013E
=0.24784E

e R L
SN ' o

~0.13907F

1 0415640E

04714 16E-
0.13098E
0.34945F

~0.10994E

00
00"
00

01

01
01
ol
01

01

01
01

01

00
00
00

.00 ! .
00

00

01"
00 ..
00 . .
" 0.95732E-02
. 0,25827E-

0.95764E-01
00 .

o -

_v -",;.k - .

o
-01"
00
00
00

01 .

(PERCENT) ..

.}// 1

1176
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S {IAB.LE -1

A SEMI~GRAPHICAL METHOD OF PARAMETFR ESTIMATION
TeEs A SIMULTANFOUS LINFAR LEAST SQUARES FIT TECHNIQUF

V. oOBINV) T KVINV) KI(NI) e FB(NI) | NRE(NVY_
4 0.1053E 01 0.1107E:02 0.1018E 02 0.4340E 10 0.1452£-02
5 0.3669E 01 0.9420F 01 0.9154E 01 - 0.3886E 10 0. 1741E-02
6 0.4000E 01 0.9246E.01 -0,9030E 01 0.3822E 10" 0,2181£-02
7 0.5640FE 01 0.8475E 01 0.8536E 01 . 0.3572E 10 0.,2874E-02
8 0.5777E 01 0,8416E 01- 0.8503E 01  0.3557E 10 0.37376-02.
9 0.4899E 01 0.BB03E 01 .0.8734E 01 0.3669E 10 0.53036-02

10 0.5135E 01 D.8696E 01 0.8666E.01 ~0.3634E 10 0Q,6676F~ 02

11 “0.5079E 01 0.BT21FE 01 0.8671E 01 043633E 10 0.9271E-02 .

12 0.4620E 01 - 0.,8929E 01 0,8758F 01 *0.3660E 10 - 0,1228E-01-

13 0,4436E 01 -0.9014F 01 0.BT64E 01 .0.3646E 10 0.1655E-01 -

14 0.4522E'01 0.8975F 01  0.8701E 01 0.3601E-10 - 0.2150E-01

15 ' 0.4757E 01 .0.8869F 01 0.8603E 01 . 0.3542E 10 0.,27.94E-01

167 0%5097E N1 0.8721F 01 0,8487FE 01 0¢3475€.10  0,3546FE-01

17 0.5434E 01 0.8581E 01 0.8372E 01 0.3407E 10 0,4192E-01

18 0.5789E 01 _0.8439F 01 048256E 01 ~0.3338E 10 .0.4861F-01

19 0.6263F 01 0.825BE.01 0.8129E 01 0.3267€ 10" 0.6362E-01

20 0.6828E 01 0.8055E 01 "Q.B009E 0l 0, 3208E 10 0.,7863E-01

21 0.7416E 01 - 0.7856E 0’1 0.7896E 01 0. '3156E 10 0,9822E-01 :

. 22 "0.7978E 01 0,7675E 01. 0,7793E 01 0.3108E. 10; 0,1143E 00 -
.23 0.8573E 01 0.7495FE 01 . 0,7709E. 01 0,3077€ 10 0.1369F 00

2

L R4 0.9175E 01 0.7321FE D1 0.7622E 01 0.3044E°10 0.1642E 00

725 0.9795E 01 047152E' 01  0.7541E.01 "0.3016E 10 0.1933E 00 -
28 0. 1042& 02 .0, 6990F 01 0;75125501-_0.30295;105,0I22065500 .

| DATA DISCRIMINATION METHODS e P
I . v - EI
v”METHOD 1. FINDING THE BEST FIT FOR THE KLINKENBERG PLOT S
TJF. THE MAXTMUM CQRRFLATION COEFFICIENT . ”'gg o
© NV= 15 - R(NVI=0.990 (MAXTMUM)  “ 0
NI= 15 CRIND= 04994 T

'VﬁMETHob'z.,MATCHING THE VALUFS OF K FROM THE KLINKENBERG
‘ - AND MODIFTEN VISCO-INERTIAL. PLOTS R
1., THE MINTMUM RELATIVE ERROR BETHEFN KV AND KI_V"

INVE10 T R
. NI: 20 } ,'-:‘ . w’!.‘," ". . .-
ERRK(NV)- 0, 346Q§‘w0 f ;_Peﬁ ENT)

R _ i ¥ |
© METHOD 3;YTHF "REYNOLDS NUMBER CRITERIQN,I.E. THE - POINTS ARE
7 IN VISCOUS-REGION IF'NRE IS LESS’ THAN 0.01 e
CLONVE L R
o . - o NI__ 19 - L .'}o S s S T
LT NRE(NVIE 0. 9271E~02 ,=ﬂrf B TR T I



. 0.163570E

.0 4251979F

PEXT)

(PSTA) .
0.138915E
0.143827E
0.148739E.
0.153747E

0.173393E |
0.188128E
0,20 2863
. 04222509E\

T0.281642F°F
0. %30758E'02
- 0389697F: 02

0.4875125»02,
0.,585512602
. 0.836518E. 02
02
N3’

0.704518E

'0.986518E
0.113651E
“0.133651F
0.153651E
 0.,18375]E
0.213751E
0.263451E
- 0.313851E

03
13

2..0.134004E
0,.,134137E |
0.134155E Q2°

T 013419102
. 04134227F 02

0.134281E802
0.134326F 02
0..134583E 02"

03 -
03
n3 0
03

- TABLE -

D-18

INPUT AND PROCESSED DATA

. NET CONFINEVENT PRESSURE.

" TEST-METHOD USED

“GAS USEO AS FLOWING. FLUID
NUMB FR
- NUMBER

SAMPLE
RUN’

P (WELL).

(PSIA)

0+ 134004E 02
0 . 13400 4E

0.134173€

0.134763E. 02

‘0.134998F 02

0. l37498€ 02
0.138257€.02
0.140 4% 7€

0..14540 8F

0.167068E. 02
0.185511F 02
0.208472€

+256852E°02

0.310634E 02

Ty

| ‘92
0.142412E 02
02
0. 149435E 02

0 .157245EF 02

02

FlON RATE
(MSCF/D)

' 0.227640F-03
0. 464610E-03
0.727T106-03

0.977410F-03

0 150503E~02 °
0.203980F-02
0 .,291027E~02

0 .384336E-02

0.521284F=02
0.739429F-02

0.4969760E-02

0:141670E~01 -
N ,203327E-01
0,316181E-01 -
0+ 44T906E=01 .
0.623948E~01
N4+845436E-01"
0.112728E 00

04143068E 00

0.187895E 00 .
10 236243E .00 -
DL313744E 00

1,397518E 00

10.541237E 00
" 0,7021376 00

~

CASE-T

LS-1"
4

" haxn -

VISCOSITY
(cP)

0.176594E-01
0.176596E-01.
0.176599E-01

0.176545E-01

0.176550E=01

0.176556E-01
0.176564E-01
0.176572E-01
0.176582E-01

0.176598E-01)
" 0.176615E-01
0.,176641E~01 "
0.176673E-01.
041T6644E-01
"0..176698F=0.1"
0.176820E-01
0.176892E-01
0.176976E-01
0.177059E-01
0.177201E-01
"0e177315€-01.
'0.177490E-01
0.,177668E~01 °
.0.178026E~01.
0.178336E-01 -

1200 PSIG‘

‘NITROUGEN -

178

CMUETRZ -
(CPDEG R)

-O 939327E‘01
"0.939338F 01

0.939349E 01

0,938661E 01
'0.938683F 01

0.938706E 01 .
0.938741F 01

0.938775F 01, .
"0.938821E 01
‘0.938889F 017 -
0.938959E 01
'04939073E 01 °
0.939211E 01 ..

0.938416E 01
0.938645E 01
0.939615€ 01
0.939928E 01

0:940287F 01
"0.940649E 01

0.941483E 01

0.941980E 01 -~
0.942739E 01

0.943512E 01.

0.945538E.01 .o
0.946901E 017
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¥

¥ © . TABLE D-19

T b NUMERICAL PARAMFTFR FSTIMATION TECHNIOUE

. % THE GAUSS- —NEWTAN METHOD
-.5,5. A NON-LINEAR LEAST SOUARES ALGORITHM

v

o LINEAR SOUARFS ESTIMATES

SN R k8 T Em
T 0 ND - (MDY (PSIAY o (L/FT)
C, IN. GUESS = 0.7592€ .01 - 0.9908E 01 - 0.3066F 10
C 1 0.750RE 01 0.1053E 02 - 0.2952E 10

SRR 27 0.,7510E 0L 0.1052E 02 0.2953FE 10
o . 3 0.7510E 01 -ob10525 02 0.2953E 10 .,

o . RACTIONAL PORNSTTY = O. 9100E—01~

f SUM OF ERRDR SOUARES
({VARIANCE -
STANDARQ DEVIATInMv

'0.5460qui
0.2482E 00
0.4982E 00
e VARIANCE CDVARIANCE MATRIX

0, 10963E-01 . 699746 01 ;ffd;SOSOzE o071

0% 699745~01 0., 487085 oo -0, 29368E 08
g; 0. sosozE 07 f‘-o 29368E 08 0.28145E 16 o
o CQRRELATIQN.MATR]X‘_ PREIRCNR S
ew giléoodop' o on.9s752 0.90912 e
- -0.95752 | 1.00000 - =0.79318

0.90912, = ,-o,7§3i8,} ”.a_;1.ooooo_ 

e



o4

0BS. FUNCTION

0.13891E 02

0.14382E 02

"0.14R73E 02
0.15374E 02
0.16357E 02

0.17339E 02

0.,18812E 02,

0.20 286E 02

.+ 0.22250E 02

0.,25197E 02
0.28164E 02

"0 .33075E. 02
0.38969E 02
. 0.48751FE 02 -
- 0.,58551E 22
~0.70451E 02
0.83651E.02"
0,98651E 02
. 0.11365E 03 .
0.13365E 03
0.15365E 03
" 0.,18375E 03
0621375E- 103

0.26345E 03

0.31385E 03

TABLE D-20 .
CALC. FUNCTION . ERROR (PERCENT)
0.13788E 02 - 0.74412E 00
. 0.14195€ 02 ~0.12990F 01
0.14674E Q2 ~ 0,13403E 01
. 0415109E 02 C 0.17230F 01
0.16075E 02 0.21482E 01"
“0.16874F 02 0.26789E, 01
- 0.18274E 02 © 0.28596E.01 °
© 0.19727E 02 " 0.27550E 01
 0.2178SE 02 0.20902E 01
0.24799E 02 . .0.15802F 01
0.27716E 02 "0.15910F. 01
0.32925€ 02 " 0.45396E 00
. 0.39290EF 02 -0.82355F 00
"0.49285F 02" .- =0410966E 01
. 0.59284E 02 -0:12516E 01
" 0.TIN24E 02 -0,81247E 00
0..84082E 02 . =0.51488E 00
0.99004E 02 '=0.35766F Q0
0.11364E.03 © 0.94T86E-02
- 0.13358F 03 .+ 0.463006E-01
" 0415350E 03 0.95156E-01
0.18323E 03 0,28394F 00
0.21343E 03 . 0.14659E 00, .
0.26250EF 03 - . 0.35948E 00
© 0.31480E 03 =0,30386E.00

180
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. 0.313035E

©0.313535E
'0,313535E.
.0.313535E

- 0.313535E
' 0.313535E
0,313538€

0.,315035¢€
0.,315535E

S

PLEXTY" .

(PSTA)

n3
0.,313535E 13
0.313535E
0.314535€F
0.314535E
0.315035E
0.315035E.

03
73

03
23
0.313535E.
n3
03
n3
03
n3
03
n3
n3

0.313535E
0.313535E

0,.,31353%E 03"
S

03
n3:

N3

. 0.283135F
0 .289535E
-0.293535€
0.297535E
"0.301535€
0.303535€

o

0.536857F
‘0.735358F

TABLEi'D-Zl

INPUT AND PROCFSSED DATA

NET ‘CONFINEMFNT PRESSURE -

"TEST-METHOD USED

GAS ‘USEN AS FLOWING: FLUTD

SAMPLE *- NUMBER

RUN

PIWELL)
(PSLA) -

04307857 02
02
02
0.935358F 02
0.123735€
0.153335E
0.183535€
0.214335E
0.233185E
0.253535€
0.263535E
Q.27 3)35F.
0.278135E

03
n3
03

03
03

03
03

03
03

‘0.7021305
Ve 68845TE
03
0.518047F

"0.386764F
H.312742E

03.

03.
03

03, 0.,127330E

03

NUMBER

FLON RATE
(MSCF/D)

00
00
00
00
00
00.

0.675655F
9.656990F
0.623632E
9 .576241E

Y.443413E 00
00,
00
00"
00
00
00

0.268175E
14228414E
0.205572E
7.181874E
N.149096E
00

0.104041E 0C

N .B15150E-01
0. 6885875 ~01

Gy

00-

00 .

no’

_CASE-T11 |
NITROGEN °
£S-1. .
QQISCOSITY

- ocP)

now nounn

'0.177060E401

02177191F-01

. 0.177302F~01
" 0.1774156-01

0.177591E-01
0.177759E-01
0.177934F=01

0.178111E-01
0.178302E-01 .

0.178422E-01

0.178241E-01

0.178296E-01

0,178326FE=01
0..178355F-01

0.178513F-01

0.178536E-01-
0.178559F~01
0.178583F-01
0.178595E-01

-

800 PSIG

181

@ o MURTRZ
(CPNEG R)

0.930893F
0.931446F

0.931917F
0.932394F

0.933145F
0.933863E

0.934615E
0.935376E
0.936895F

0.937419F.
0.934711F

0.934950E

10.935079¢€
' 0,935205F 0
.0.936905E
0.937007E
" 0.937109E

0.937211E
0.937262E

Tel

o1

S

01

01 ..

O U

01’ SR
01 - .

oy
o1
01"
01

01

01

01-‘
01

01 . a
oi*_ |
01



TABLE D-22

182

NUMERT CAL PARAMETER ESTIMATION TECHNIQUE
\ ' ' 'y

THE GAUSS-NEWTON MET

HOD

. 1.E. A NON=LINFAR LFAST SQUARES ALGDRITHM

LINEAR SOUARES ESTIMATES.

1 TER K , B FB
NO ;o (MD) (PSIA) (1/FT)
IN. GUESS  0.7639E 0%  0.9793F 01  0,2975F 10
1 ‘ o.;7%ae 01 0.9978F 01  0.3138F 10
> 0.7767E 01  0.9963E 01  0.3137% 10
3 0.7760E 01  0.9963FE 01  0.3137F 10

FRACTIONAL POROSITY = 0:9106E-01
SUM™F ERROR SOUARES = 0.2287E 01
VARTANCE = 0.1429E 00
STANDARD DEVIATION = Q.3780E 00

’ A %

VART ANCE<COVARTANCE MATRIX '

0425090 F-0 2 g4&7.560665—01 ~0.50278F 06
0560 66E-01 0.,70321F 01 0.24129E 09
~0.50278F 06  0.24129¢ 09 0.93211F 16
CORRELATINN MATRIX .

1.00000 -0, 42209 -0.,10396

. /\ -
*0'42209 1.00000 . 0094247"
~0.10396 0.94247 1.000Q0 4
)
V4
N

- -
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b
TABLE D-23

0BS. FUNCTION & CALC, FUNCTION ERROR (PERCENT)
0.31303F 03, - 0.31353F 03 -0.,15758F 00
0.31353F 02 0.%12026 03 0.19620F 00
0.313%3F 03~ i 0.31349F 03 © 0.12945F-01
0.31353E 03 . 0.31356E 03 -0.88573F-02
0.31453E 03 0.31463F 03 ~0.31455F-01
0.31453E N3 0.31446F 03 - 0.21131F-01
0.31503E 03 0.31501F+03 0.66259F-02
0.3150.3F 03 © 0.31551F 03 .+  =0.15076F 00
0.31503F 03 0.31541E 03 -0.12035F 00
0.31553F 03 0.31451E 0% © - 0.32247E 00
0.31353F 03 © . 0.31327FE 03 0.83414E-01
0..31353F N3 0.31348F 03 0.15690F-01
0.31353F 03 . 0.31359C 03 ~0.20031F-01
0.321353F 03 > 0.31367F 03, +=0.4463T6-01
0.31353F 03 0.31370E 03 ~0.53222E-01
0.31353¢ 03 ,0.31367E 03} = =-0.450076-0]
- 0.31353E 03 0.313576 03 ' -0.10920€-01
0.31353E N3 - 0.31278E 03 ~0.785286-01
0.31353§ 03 '0.31373E 03 . -0.63539E-01
®
) ,



ol

OO~ U D WA

CTABLE D24

FLOW RATE PREDICTIONS

USING THE ESTIMATED PARAMETERS K,R,AND_ FB

WHFRE K= 0,7629F

Q0 (OBS.)

0,702130F 0N
0.688457F 00
0.675655F 09

0.656980F 00

0.623632E 09
0.576241F 00
0.518047E 0N
0.443413F 00
0.386764F. 00
0.312742F 00

0.268175F n9-

0.,228414E 00
0.205572E 99
0.181874F 00
0.149096E 00
0.127330F 0O
0.104041E 09
0.815150F=0 1
0.688587F-11
0.546039F-0)1
0.415392E-91
0.273420FE=01
0.189611F-01
0.13840°5F-0 1
0.802349F-)7
0.413150F-072

0.225968E4) 2"

0.104457FH0 2
0.447190€-93

R= 0,9793F

01 MDS
01 PSTA-

FB= 0.2975F 10 1/FT

00(PRED. )

0.705442E 00 -

0.695011F 00
0.680198E 00
N.661004E 00
0.626857E 00
579262E 00
. 520029E 00

0.4424§OE 00

0.385376F. 00
0.316781E 00
0.268544E 00
0.227573E5 00
0.,204080F 00
0.179910E 00
0.146940F 00
0.125331F 00

0.102732E 00
0.790382E-01.
0.667430E-01

0.571507E£201
0.443930E-01
0.311755E=01
0.244253E~01
0.175765E6-01

0.141140F-01

0.106256L-01
0.568865E-02

0.,712152E-02

0.,427292E-02

PERCFNT ERROR

~D.4T1T91E
~0.952071E
-0.6724§2E

-0.611087F

~0517146F
-0.524322F
-0.382700F
0.223R40F
0.358817F
-0.,129153F
-0.137717E
C.268043F

T 0.725762E

0.107973E
0.144576E
0.156932F
0.125810F
0.303R47TE
0.307247E
~0.466427E
~0.687021E
~0.140205E
~0.288180F
~0.269933F

" =0.759096F
~04157187F

~0.151746E
-0.581766E

~0.855504F

Q0
00
00
00
00
00
00
00
00
01
00
00
00
01
01
01
01
01

01
01
02
0?
02
02
03
03
03
03

)

184



-

e

(PSIA) .
o.312997§
"0.313597F
0.315197F
0.313497F
0.313497F
0.313497E
0-.313497F

0.313497F

0.313997F
0.313997F
0.313997F

P
03
13
03

13

03
)3
03
13

n3
13

i

TABUE  D-25

.

INPUT AND PROCESSED DATA

NET CONEINEFENTS PRESSURFE

“TEST-MFTHOD USTD

o GAS USED AS FLOWING FLUID

SAMPLE  MUMBER

RUN  NUMRELR
PIWELL) FLOW RATE .
C(PSTA) (MSCF/D1™
0.306471F 02 D.689950F 00
0.105847F 03 0.A41191F 00
0.163797F 03 0.553459F 00
0.193497F 03 0.484147E 00
0.,223097F 03 D,406223F 00
0.243497F 03 0.3417764F 00
0.263497E 03 D.768261F 00
0.2734576 03 0,226022E 00
- 0.284297F 034 V. 1T6BROE 00
0.293697F 03 0N.128684F 00
0.299497F 03 0.965904E-01

1000
CASE~TI
NITROGEN
LS-1

6

Wonononoy

VISCOSITY
©{CP)

0.178357F-01

0. 1787871 =01
0.1791701 =01
0,17927F=0)
01795 =0)
0.17907 7F=01
0.1797 F=01
017979 1F=01

0.179862F-01

0.179917F-01
0.179951E-01

185

PSIG .

MU T 7
(CPxNEG

0.947719F
0.94G100F
0.950602F
0.952004F
0.952766F

0.953295F"

0.953R17F
0.954079F
0.954375k
0,9546723F
0.954776E

R

i

) -

01
01
01
01
01
01
01
01
01
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. . TABLE D=-26 - B
§‘ . . - . . -
_NUMERTCAL PARAMETER FSTIMATION TECHNIOUE |
THE GAUSS=NEWTNN METHOD : o
I.F.° A NON-LINEAR LEAST SQUARES ALGNRITHM S
LINEAR SOUARES ESTIMATES
ITER K B - FB .
NO (MR) . (PSIA) (1/FT)
IN. GUESS™  0.7592F 01  0,9908E 01  0.3066E 10
"1 S 0GIST9E 010 0.2803E 01 - 0.3005E 10 :
2 . 0wWT99RE 01 0.2832E 01  0.3005F 16~ - )
3. (% 0.7999E 01 0.2831F 01  0.3005E 10 Co
4 (__0.7999E 01  0.2831E 01  0.3005F 10

7 . . . . .
- FRACTIONAL POROSITY = 0.2172E 00 : .

SUM OF FRROR SOQUARES
. VARTANCE' -
STANDARD DEVIATLNN

0.2489€ 01 - | -
0.3111E 00 ° .
0.5578E 00

TR

VARTANCE-COVARIANCE MATRIX

0.82766E-02  =0.11991F 00  0.88634F 06 _ .

-0.11991F 00  0.19073E 02 0.69107F 09

0.88634F 06 = 0.69107E 09  0.28961F 17

. : :

CORRELATINN MATRIX + - ’

1.00000  , --0.30179" - 005724 )
- ~0.30179" 'f*ﬁ,Li.odooo : o.égész o
0.05724- 01.92982  1.00000 .>%§

N T R

N ' . ‘1;1}} *



~

0BS. FUNCTION

0.31299E
0.31359E
0.31519C
0.31349F

0.31349E

0.31349E
0.31349F
'0.31349F
0.3]399E
0.31399E
0.31399E

03

n3
03
'3
03
N3

03,‘
0d

03
03
03

0.31436E 03

»
v

187
oo .
. %‘ ’ ’ .“ ) 1 g
TABLE 'R-27 R ,
' A “3 : 2. J
CALC. FUNCTION  ERROR (PERCENT)
- ‘ : _ ‘r
© 0.31267E 03 0.10235F 00
0.31474E 03 -0.36703F 00
'0.31459F 03 7 0.19034F 00
0.31300E 03 0.15598E. 00
0.31318E 03 - 0.97988F~01
0.31338E 03 0.3566YF-01
0.31372€£.03 © -0.73612%-01
0.31380E 03 . —0.99175E%01
- 0.31410E 03 "
0.31423E 03

A



-

—

el N D R

TABLF . N=28

FLNW RATF PRFDICTIONS

-WHFRE K=

Q0 (0BS.)

0.689950F 0N
0.661191F 0N

0.553459E 00 -

0.484147E 0N

0.406223E 00
0.341774E D0 .

0.268261F 00
‘»b.zzsozzs)m

0.176880E/00
0.128684E N0

0.965904E-0 ]

0.703834E-71
0.445137F) 1
0.289869E-01
0.224200F=01
0.142409E-01
0.10689TE-01
0.775766E-02

L 0.25566TE=02
0.769173E-03

N _ A
USING THE ESTIMATED, PARAMETERS "K4B,

»

0.7592F 01 MDS

B= 0.9908EF '01 PSIA

FB= 0.3066F

QO(PRED)

0.690992E 00

0.633879€ 00
0.550391E 00
0.480415E 00
0.401R27E 00

0.336844F 00~

0.262289& 00
0.220036E 00

0.172502E - 00

0.124311€E 00

0.919930E-01

0.683181E-01
0.441001E-0L
0.292069E-01
0.239123E-01
0.158540E-01
0.131311E-01

.0,103981E-01

0.626720E=02

'O.§88226E-02

10 1/FT

PERCENT FRROR \"

-0.151043F
0.114025F
0.554 24 0F
0.770784E
0.108216F
0.144240F
0.222609E
0.264816F
0.24T464F
0.339771F
0.475971E
042934 25E
- 0.929044F
-0.7592306F
-0.665617F

—-0.113278EF ,
-0.228390F.

~0.340378E
-0.145137F
-0.534742E

AND FB

CORY

0o
01
0.0
00
01
01
01
01

0or

01

01 -

01
00

00

01
02
02
02
03

03

188



<>

PEXT)
(PSIAY-

12
n?
V2
n2
02
na
12
n2
N2
a2
32
n3
N3

0.186421F
0.2164721F
0.,236131F
0.296131F
0.336131F
0.356131€
0.416131E
0.536131F
0.635744F
0.736131F
" 0.886131F
0.,11%651F
" 0.133651¢€
0.153651F
0.173651F 13
0.193651F O3
0.213651F 93
0.243613F
¢ 0.313642E 93
T 0.463642E,03

“0.136131F

03

03

’ N
J N
TABLE D-29
TNPUT. AND PROCESSED (ATA
NET CONFIMUMENT PRESSURF = 400 PSIG
" TEST=METHND LISED = CASE-]
GAS USED AS FLOWING fluyo = NITROGFN
SAMPLE  NUMRFR - = LS-2
RUN NUMBFR . ) = 1
P(WELL) FLOW RATE VISCOSITY
(PSIAY. . AMSCF/D) (cP)
/. Lt
0.136421F 02° 7,3175056-03 0.175376F-01
0.1364621F 02 0.544934€-03, 0.175377F-0]

3.136131F 02
0v136131F 072
0.136131F 02
0.136131E 02

02
02
N2

0.136131F
0.135871F
0.136131¢

L 0.136402F102

0.136%528E 02
0.136536F
0.136536F
Ne136545E
0.136554E
NJY36554E 02-
0.12907RF 02
0.141333F 02

"0.153173F 02

02
02
02

02 -

02

1 T00758F~03
0.126621E-02
N.170294E-02
N.194235F-02
1.271913E-02
0.464309E-02
0660 TT4E-02

"0 .BT5923E-07

N.126065E~-01
0.205451E<01
0.280R89F:-01

T0.267375E-01

1.463541F-01
N.568132E=01
N.681754E-01]
0.R79439F-(]
9.141621F 00
0+295529F 00

1

0.176452F =01
0.176509F-01
0.176139F-0]
0.176232F-01
0.176178F-01

- 0.176305F-01

0.175480F~01
0.176326F-01
0.176493F-01
0.,176341F-0)

0.176507F-01.

0.176616F-01
0.,176789F-01
0.176A899F~01
0.177009F-01
0.176922F-01
0.177312F-01
0,17816.1F~01

0.934793F

'189

M%7
{CP=DEG- R)

0.924137F
0.924014F
0.937144F
0.937594F
0.932859¢
0.933917F
0.932980F
0.934018F
0.923413F
0.933401F

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

0+931R02F
0.932967F
0.93349F
0.934679F
0.935145F (0}
0.935613F 01
0.933159F.01
0.934814F 01
0.938466F 01
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TABLE D-30

-~ .

NUMFRICAI'PARAﬂETER ESTIMATION TFCHNIQUE -

THE GAUSS=NEWTON METHOD
I.Eo A NON-LIMNEAR LEAST SQUARES ALGﬂRITHM

[

LINEAR SOUARES ESTIMﬁTFS

w - °

&

TTER K’ . B FB .

NO (MD) (PSTA) (1/FT)
IN. GUESS  0.9007E 00  0.8390F 01 - 0.2547E 107~
S 0.7621E 00 . 0.65806 01 0.1511F 11

2 0.7765E 00  0.6347E 01, 0.1641F {11

3 0.7767€ 00 0.6349E 01  0.1640F 11

4 {0.7767E 00 0.6349E 01 0.1640F 11
FRACTIONAL PORNSITY = 0.45756-01
SUM OF FRROR SOUARES = 0.5819E 01 v

="0.5850E 00 .

STANDARD DEVIATLON

VARTANCE-COVARTANCE MATRIX )
0. 52499F 07

4

-0. 39770F 09 .

0.25713E-04 -0 ,21929F~02

-0.21929E-02 0 .22349E 00

0.52499€ 07  -0.39770E°09  0.13708E 19

1.00000

2
YCDRRELATION MATRTX ‘ k 
31.00000 20 .91476 0.688424 . -
~0.91476 1.60000 ~0.71848"
_0J88424 =0 .T184R



0BS. FUNCTION

4

0.1R642E
0.21662E
0 .23613F
0.29613E
0.33613F
0..35A013F
044161 3E
0.53613E
0.63574F
0.73613E
0.88613E
0.11265C
0.13365E
0.15365E
0.17365E
0.19365E,
0.21365E.
0¢24361F
0.31264F
0.463641

Y

02
72

02
02

02

N2

n2
N2
0?2
02
03
03
03
03

n3 -

03
03
N3

03

N

" TABLF ' D-31

CALC, FUNCTION

0.183R9F 02
0.21317F 02
N.23755E 02
0.29232F 02
N.32148F 02
0.35201F 02
0.4)1166E 02
0.53546FE 02
N02b3564F 02
0.73784F 02
0.89974E 02
0.11428F 03
0.13441F 03

- 0.15447F 03

0.17436E 03
0.193”0F 03 -
0.21311E-03
D.24305E 03

N_0. 31237 03

0 .46409E 03

p—
Ed

191

>

ERROR (PERCENT) g

0.13564F 01
0.14991F 01
0.15146F 01 )
~ 0.12868F 01 - {
" 0.13818F 01
0.11548F 01
0.10725F 01 \
«12464F 00 &
0.15804F-01
-0.23317F 00
~0.44135F 00
20.,56082F 00
~0.57223F 004 ¥
_ =0.5381RF 00
=0.41114F 00
. =0.81600F-01
0.25343F 0N
0.22764F . U1 .
0.40261F 00
-0,96770£-01

"



\\\\,

PHEXT)
(PSIA)

0.15500467)2°

0.164827F 07
0,1T4650F V7
0.184280F
0.194103F 172
0.208R3RF 02
0.223573F 1?2
0.243219F 07
0.2628656 )2
0.282%12E n2
0.307070E 0?2
0.341451E 07
0.3B0744F 07
0.425164E 02

C0.485164F 172

0.542971F n?
0.622971F 12
0.722971F 02
0.872971€ 97?7
0.102297F 03
0.123497€ 13
0.143497F 03
0.163497€ N3
0.183497F 073
0.203497€¢ 13
@ 223497F 03
0.2534457t 73
0.293497F 03

0..3334978:23
:0.373497E 03

0.413497E O
0.473497€ 03

- 0.562497€ 12

0.655497F; 03
0.796497E 13

naz-

0D:135272F

.0.135278F

INPUT AND PRNCESSFN

"NET CONFINEMERT - PRE SSURF

)

-
~

TABLE D-32

TEST~METHON DSED

GAS USFD AS FLOWING FLUID

(PSIA)

0.135357F 02
0.135357% )2
0.135367F02
0.135164F 972
0.135164F 02
0.135164¢F )2
0.18516LF 02
0.135164F 02
0.135200¢ 02
0.135218F 22
0.135227F 22
() 1352 36F )2
0.135254F 02
n?
0.135309€ 02
0.135133F
N.1351R7F )2
0?2
0,135422F 02
0.135621F 02
0., 1960 1KF 02
0.137571F 37?2
N.138257F D2
1,139124F )2
0.140 W15 02
0.141543F
0.14640577 07
0. 148969 N7
0N.1563365 07
0.165614F 02

N.177702F D2

0.199313F 02
0.2462043F 02
0.¥3193E 02

T0.411693F 02

02

N7

SAMPLE  MUMRFR'
"3 RUN  NUMBER &
PWELL) Fi.OW RATE
T MSCF/N)

1.1513N5€-03
0.232638E-03
Y 3LA4ROGKE-NT
H L LY3P26F<N3

)W 6936N3F-03

0.6350276-03
. TB4AGE-03
7.991579F-03

.121506F-02

D 165005 F-02

Yo 175597F=-07 .

e P237850F=07
Y PBORKTE =02
N .3532R9F-02
Y 45QTRLF =02

0 RT4LG9E =02
Y. THARQIREF =02

N ,99H8R15F-072
1. 144502601
0.196210FE-01
1.781935F =01
N.37T7T107+ -01
Y L EDAILEE =01
0. A6 aF=01
y.7372156-0L
9. 885470E-01
Y. 1124R89F 00
N,14G721F 00
1,191523F 00
0.238514F 00

N.29)78TF 00

N,37T6675F 00
.51R118F 00
W TD5058F 00

n.100775F Q1

) )

DATA

= 400 PSIG
= CASE-I
NITENGEN
LS-2

2

1

n

i

VISCNSITY
{CP)

"0L,177636F-01

0,177641F-0]
00 1TTHAEF =0
0.177652F=-0)
0.1776571-01
0.177609F-01
0.177617F=01
0.,177628F 01
0.1776397-0]
0.0776%9E-01
0.1776626=01
U.1T1T681F=01
0.177702F~9)
0.17777 7~
nN.177 N

Q1777360 =01

N.1777TROE-01
0.177R34F=-0]
0.177916F =0
0.177997F-0)
0.178113F=0)
0.1782z3F=-01
0.,178333F=0]
(G.179070 580
0. |
0v: bbbt -1

- 0.178831F-N1

0.179055F=<01
0.179282F-01

0.179512F-01

0.179744E=0]
0.180097F-01
0.1806357-01
0.181242F =01
0.182138F-01

}.
l MU TS7
U%QPTNFG R)

0.Q521108 0}
0,952134F 01
GLus214576 01
C0LYRPITSE 0
0.,9652207F 01
0.951550F 01
0,99)V5804f 01
0.951631F 0]
0.9514785 N
0,951726F 01
0. eR17TR2E D]
0,55 14640 01
0,9%51957¢ 01
0.9520(7° ()7}
NLaRP P 01
DL, eh 16 0P 0]
LBLlesrenr 0]
0.952099F 07
0.9572457F 01
0.9528165 1

COL A3
0.u53812F
0,954298F 01
0,957 "H6E 0]
0,95 7168 ]

0,955769f 0]
0.G656515F8 01
‘0.,057520F 01
0.,958542F 01
Q,059570F 01
0.960634F .01
0.962249F 01
0.966727% 01
0.9675%2F 01
0,971776F 01
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TABLE 0-33 N

CNUMERICAL PARAMETER ESTIMATION, TECHNIQUE

v

THE GAUSS=-NEWTON NETHOD
T.F. A NON=-LINEAR LEAST.QQUARES‘ALGHRITHM

LINEAR §QUARE; ESTIMATES

TITER Kk B B

NO (MD) (PSTA) | (1/FT)
IN., GUESS 0.9000E 00  0.8390F 01  0.2547E 10
1 4 0.9781F 00 ~ 0.8391F 01  0.2547€ 10
2 0.9081E 00 0.B391F 01 0.2547F 10
3 0.9981E. 00 0.8391E 01  0.2547F 10

FRACTIONAL PORNSITY = 0.1157E 00 .

»

b4

0.8219F 01
0.2568F 00
0.5068E 00

SUM OF ERROR SOUARES
. VARTANCE
STANDARD DEVIATION

w nu

\ VARTANCF=( VAT TANCE MATRIX .
- 0.47758E~05 -0 .48218E-03 0.25318F 06
0 .48218E-03 0.65222E-01  =0.,22040F 08

0.25318F Q6 ~0.22040FE 08 0.16868F 13

CORRELATINN MATRIX

\ - | |
1.00000 . =N .86395 - 0.89203 .
0 .86395 1.00000 . -0.66447
0.89203 ~ .  -N.66447 1.00000 '
» ‘ »
2 " '
i 0

E*(



08s-,

0.155)0F M2
0%16482F 02
0.17# 85 N2
0.184728%F 02
0.19410F N2

0 L2NRRIE 0P

0.22357F N2
0.246321E 02

3

*

FUNCTION

0 G26286E N2 .

0¢28251E 02
0.39707E 02
0.34145F 072
O0J3ROT4FE N2

0.42516E 02
04485166 172

547297F 02

0.62297F 92
0.72297F 02
0.87297F N2

0.10229¢ 03

0.12349€E803

0 f14349F O3 -

0.16369¢ A2

0.1834Y9FE 03

0.2)349F N3

. 0.22349F N3
0. 28%49[ N3

0.29349€ 03
0.33349E N3
0.37349F 03
0.41349E 03

0.467349C_03
0.56249F N3 .

0.65949E 03

0.79649E 03

s
.

CTABLE  D-34

CALC. FUNCTION

0.15516F 02

0.1652086 0O
0.17482E d?

0,18479F 02

0.19469F 02
0.20957F 02
0.22433F 02
0.24375F 02
0.26363FE 02
0.28332F 02
0.3)733F 02
0.34237E 02
N.38Y91F 02
0 42543F 02
0.,4R446F 02
0.54166F 02

N.620%4E 02

0.71931F 02
0.8%#17)F 02
De1N223F 03
0. 1???7F 03
0.14371F 03

0.1633¢FE. 03 /-_
0.1834 03 :
0.20353E OF =

0.22382F 03
0.25334F 03
"0.29377E 03
0.33373F 03
0.37394F 03
0.41464F 03
0.4742+E 03

0.,56023F 03
0.65899F 03

0.79723E 03

2

+

ERROR (PFRGFNT)

-0,10130F 00
%0.22754F .00
—0 100608 HO
-0.,27732F b0
-0.30536F 0
-0.,35303F 00
-0,33998E 00
-0.22064F 00"
~0.29354F 00
~0.28660F 00 -
~0.86165F-01

 =0.26935F 00
—0.44166E~01
—0.6433]F~01

0.14355F 00
o 24085F .00 |
0.4T028E 00
0.50516F 00
"0.14505F 00¢
0H61TORE=0]
0.17927F 00
-0.14971F 00
0.11391E 09
- 0.23782F-01
~0.20770FE-01, -

\(0 L147T16F 00

0.,60072E-01
~0.95328F=01
-0,710106-01

. =0,11873F 00
~-0.22840F 00~
-0.151.13¢ 00

0.,40221F 00
-~ 0.75889F~01
-0:92599F-01

LNV



AU

PLEXT)
(PSTA)

0.155197E
0,165020F
Q174844
0.184667E
0.194539¢F
0.209273F
0.224008¢F
0.,24%654F
. 0.263300¢CE
0.282947F
0.307505F
0.331940F
0.371356E
0.420471E
0.455599F
0.515599¢E
0.595599E
0.695599EF
0.795599¢F
0.895648F
0.103564F
0.123564E
0.143764E
0.163564F
0.183564F N3
0.203564EF N3
0.2234664F 03
0.25%364F 13
0.293574E 03
0.333674F 13
0.373574E 03
0,.413574F 13
0.473574E 03
065615 74F N3
0.663574F 03

07?7
02
0?2
32
072
N2
02
N2
0?
N2
0?
0z
n?2
D2
07?
D2
n?2
n?2
0?2
N7
03
n3
n3
N3

A

TABLF  D-35

INPUT AND PROCESSEN DATA

NET CONFINFMENT PRESSURFE

TEST-METHOD USED

GAS USED AS FLOWING
SAMPLE  NUMPRFR
RUN  NUMBER
PIWELL) FLOW RATE
(PSIA) {MSCE/D)
0.135551FE 02 0.1204421--03
0,135551F 02 7.,184392(-03.
0.135551F 02 0,249754F-03
0.135551F 02 o .318296E-03
0.135599¢ 07 .390155E-03
0,13559QF 02 0.501276F-03
0,135599F 02 0.617T751F-03
0.135599F 02 7,779933F-03
7T0.135599FE 02 0.951419F-03
0.13517€E 02 7.113689E-02
0.135635F 02 0.138063E-02
0.135653E°02 7.163950E-02
0.135662F 0.7 0D.28563F-02
0.13%671F 02 0.268718E-02
0.135689F N2 N ,316363F-02
0.135707E 02 0,4054693E-02
0.135744F 02 0.537029F-02
0.135798E 02 0.726695E-02
0.135870F 02 0.938680F-02
0.136009E 02 9,118226F-01
0.1362076 02 0,156501F=-01
0.136370F 02 0,216220E-01
0.138609F 02 0.293606F~01
0,138970F 02 0.374691F-01
0.139602F 02 0,46999AF-01
0.140342F 02 0,574167F-01.
0.141209E 02 0.6B2944F-N1
0.)42892E 02 0.873207F-01
0.145936F 02 0.,117173F 00
0,153233F 02 0,149999F 00
L 0.156127F 02 '0.186949F 00
N0L.163695E 02 ),2281608 00
B.l7ﬂ229& 0?2 0.796003F 00
0.207945F 02 0.,410256F 00
0.255587E 02 "N .%64846F 00

FLUTD

600 PSIG
CASE-1
NITRODGEN
LS-2

3

o ononon o

VISCOSITY
(cpy

0.176408F-01
0.176413F-01
0,176418F=-01
0.1764241F~0)
0.176429F-01
0.176437F-01
0.176445E-01

0 176455F=-D].
C0.176466F-01

0.176477F =01
0.,176490C-01
0.176503F =01
0.,176525F~M
0.176551F-01
0,1L76596F-01
0.,176628F=01
0.176672F-01
0.176726F-01
0.176781F-01
0.176835F~01
0.1769116-01
0.177021F~01

0.177132E-01

0.177297F-01
0.177407F-01
0.177518F=-01
0.177627F-01
0.177793E-0]
Q.177822F~-01
0.178048F~01
0.178274F~01
0.178504F-01
0.178R53F =01
0.179715E-01
0.180343E~01)

195

MU=T %7
(CPENEG

0.936956F
0,936978E

"0.937001F

0.937024F
0.937046F
0.937081F
0.937114F
0.937160F
0.937205F
0.8372051F
0.937308F
0.,93730644
0.937456F
0.937570F
0.937963F
0.938103F
0.938288F
0.93R521F
0.938755F
0.9383989F
0.939316F
0.939787F
0.940267F
0.941442E
0.941918F
0.9472397F
0.942875F
0.943597%
0.942193%
0.942106F

" 0.944098F

0.945106€
0.946645F
0.9%3267E
0.956102€

R)

01
01
01
01
01
01
01
01
N1
01
01
0}
01
oY
01
01
01
01
01
01
01
01
0
01
01
01
01
01
01 .
01
01
01
01
01
01



TABLE

D~36

NUMERTCAL PARAMETER [FSTIMATION TECHNIQUE

THE GAUSS-NEWTON METHOD

I.E. A NON-LINEAR LEAST SQUARES ALGORITHM

“ LINEAR SQUARES ESTIMATES
~TTER K B FB
. ND (MD) (PSTA) (1/FT)
CIN. GUESS  0.9981E 00 0.9391F 01 0.2547F
1 0.6501F 00 0.,8640FE 01  0.2029F
2 0.6937€ 00  0.8373F 01  0.,1856F
3 0.6959E 00  0.8376E 01  0.1857F
4 0.696)E 00 0.8376E.01  0.1857€
FRACTIONAL POROSITY = 0,14006 00 .
. ) . r ?”): ]
SUM OF FRROR SOUARES = 0.2349E 01
VARTANCE = 0.7341E-01
STANDARD DEVIATINN = 0,2709E 00

VARIANCE-COVARIANQE MATRIX

0.116196-05
-0.137116-03

0.18254F 06

CORRELATINN MATRIX -

1.00000 -N.87556
-0.87556 1.00000

7. 0.89837

-).,13711E-03
0.21106E-01

-0, 18706E 08

0.89837

-0.68306

0.18254E 06"
-0.18706E 08

0.35534F 17

hY

1.00000

10
10
10
10
10

196



0BS. FUNCTION

0.15519¢
0.16502E
0.17484E
0.1R466F
0.19453E
0.20927E
*0.22400E
0.24365E
0.26330F
0.28294E
"0.30750¢E
© 0 ¢33194E
0.37135E
"0 LA4204TE
0.45559E
0.51559E
0+59559E
0 .69553¢
0.79559¢E
0 .89564E
0.10356E
0.12356E
0.14376E
0.16356E
0.18356E
0 .20 356k
0.22346E
0.25336F
0.29357E
0.33367E
0.37357E
0.41357C
0.47357¢E
0.56157E
0.66357E

02
02
02
02

0?2

02
0?2
0?
02
0?2
0?2
0?2
0?2
0?2
02
0?2
02
62
n2
02
03
03
03
03
n3
03
503
03
n3
03
N3
03

3.

03
03

~

\

CALC. FUNCTION

0.15599F
0.16613E
0.17599F
0.18599E
0.19617E
0.,21107TE
0.2259E
0.24536F
0.26475E
0.28471F
0.37934!}
0.33392:
0.37310E
0.42100FE
0.45617F
0.51638E
0.59542E
0.69561F
0.79405E
,0.89532F
0.10361F
0.12315E
0,14375E
0.16320F
0.18356F.
0.20360F
0.22767E
0.25281FE
0.29384E
0.33370¢C

. 0.37378E

0.41418E
0.47365E
0.56190E

0.66318E

TABLF D-37

02
02
02
02
02
02
02
02
02
02
0o
02
02
02
02
02
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03

03

03
03

-0.51259F
-0.6T460F
~0.66101F
-0.72149F
~0.84004F
-0.,86132F
-0.84778F
-0.70318F
-0.55060F
-0.62580F
-0.59778E
-0.59894F
~0.47209E
-0.,12735F
-0.,12695E
~0,15161F

0.29577E-

ERROR (PERCENT)

00
00
00
00
00
00
00
00
00
00
00

00

00
00
00
00
01

~0.2412GE-02

0.19460F

. 0.35674E-
~0,44907E-01

0.33171E

0.40119E-

0.22154F

00
01

00
02
00

0.214465-02

-0,17929kE~

0.35254E
0.21645E

~0.91020E-01
-0.,98227F-02
~0.5716TE-01 »

~0.14753E

-0,16973E-
- ~0.59255E~-
0.58149E~-

01
00
00
01

00

0l

01
01

197
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PIEXT)
(PSTA}

0.175714E 0?2
0.190448F 92
0.210095E 02

“0.234653€ N2

0.259211F 07?
0.283769E 1?2
0.327939€ 07
0.272177E 12
0.421171F 07?2
0.476421E 02
0.536421FE 07
0.6106324F 72
0.736824F 02
0.876324E N2
0.103632E. 03
0.123632E.03
0.1437028 03
0.163632€ 13

0.193632E 03
0.223632F 0N

0.253532F 013
0.292332F 13
0.333732€ 03
0.373632(x 3
0.433622E 03
0.5272623E-73
0.657623E 03
0.840623F )3
0.101962E 04

o

TAGLF D-38

INPUT AND PROCESSED DATA

NET CONFINFMENT PRESSIRF

TEST-METHON 1ISED,

GAS USED AS FLOWING FLUID

SAMPIF

UN " NUMBER

P{WELL)
(PSIA)
0.136421F
0.136420F
0.136642\F
0.136421E
0.136421F
0.136421F

0.136439F
0.136457F°

0.136484F
0.136502E
0.136529¢F
0. 136469E
0.146541F
0.136649E
0.136776F
0.1370 10E
0.138961F
0.139358F
0.140152F
0.141164F
0.,142536F
0.144674F

0.148358F .

0.153024F
0.162505F

0.184361F°

0.235442F

0 <3400 59F.
0.488228E:

T NUMBER

02
02
02

FLOW RATE
(MSCF/D)

0,7235R27E-03
D.3334426-03

0.,4T0356F-03

V. 652965F-03

0 .R48655F-03

122F%02
432091/-02
1934 0YF-02

e 248994 F-02
¢ 321423F-02
0.,405889F-02
7.5302356-02

“0.T739049F-02

0, 1034126-01
0.142123F~01
0.197556E~01
0.263307F-01
N e336414F-01
0.4636126-01

N 613307F-01

0,779469F-01
7,103676F 00
0.133613F 00
1.166343F 00
0.721191F 00
N.32)502F 00
N,5)2547F 00
N.RI1225F 00
N.116503E 01

800 PSIG
CASE-T
NITROGEN
LS-2

4

o onmonon

VISCOSITY
(ce)

’

0.176109E-01-

0.176117F-01
0.176242E-01
0.1767255F-01
0.176268F~0)
0.176282F-01

0.176246E-01

0.176273F-01
0.176299F-01
0.176329F-01

0.176362F-01"

01765447 ~01
0.176615F=-01
0.176686F~01
0.176773E-01
0.176882F-01
0.176993F-01
0.177102F~01
0.,177267E-01
0.177432F-01
0.177680F-01
0.177902¢-01
0.178129F-01
0.178355F-n1
0.178646F -0

04178968F~01"

0.179788F -n)
0.180964F-01

0.182205F-01

198

~

MUST=7
(CPENEG R)

0.933193F 0]
0.933227F 01
0.934672F 01

0.934728F 01

0.934785%F ()
0.934841F 0}
0.934231F 01
0.934344F 01
0.934456E 0]
0.934583F 0]
0.934721F M
0.9365622t 01

T 0.936923F 01

0.,937225F 0]
0,937598F 0]
0.938066E 0}
0.938542F 0]
0.939010F 0]
0.939720F 01
0.940434E 0]
0.942179E 01
0.943144F 01
0.944136F 0]

0.9451278 01
0.943464F 0]

0.945738F 0]
0.949381F 01
0.9546R4F 0]
0.960370F 01
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TABLE D-39

. : _ - '
NUMERICAL PARAMFTER FESTIMATION TECHNIQUE

THE GAUSS~NEWTNN METHOD
I.E. A NON-LINEAR LEAST SQUARES ALGORITHM

LINEAR ‘SQUARES ES%fﬁAIEs

I TER ko ‘\\, B FB
NO (MD) (Psia) (1/FT)
IN., GUESS 0L.6960E 00 0.8376F 01 0,1857F 10
1 0.6032E 00 0.,1007E 02 0.9028F 09
2 0.6116F 00 0.1015F 02 0.8365F 09
3 0.6117€ 00 0.1015E 02 0.8368EF 09
4 0.6117€ 00  0.1015E 02  0.R368E 09
5 0.6¥17E 00" 0.,1015E 02

0.8368F 09

FRACTLONAL POROSITY = 0.1984E 00

SUM OF &RROR SOUARES = 0.1056F 02
WARTANCEY, 0.4063EF 00
0.

STANDARD ®™MEVIATION = 6374t 00

s o

VARIANCE—COVARIANCE MATRIX

0.23280F=05  -0.41027E-03  0.23304F 06

&

~0.4102T-03  0.99354F-01 ' =-0.35968F 08

"0.23304F 06 - =0.35968F 08 *  0.28716F 17

¥

CORRELATINN' MATRIX . .

1.00000 - -0.85308 10.90130
'20.85308 2 1.00000 -0.67338 -
* 1.00000

0.90130. ~N.67338

-

* . N . .
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N
TABLE D=40

NBS. FUNCTION- CALC. FUNCTION . ERROR (PERCENT)
0.17571E 02 0.17651F 02 20.,45620F 00
0.19)Y44E 02 . 0.19147E 02 . =0.53928F 00
0.21009F &2 7 0,21131F 02 -0.58087F 00
0.23465F 02 0.23577F 02 -0.47T841F 00
0.26921F 02 © 0.26013F 02 : -0.35534F 00
0.2R376E 02 0.28499F 02 <« - -0.43118F 00
0.32293E 02 0.32485E 02 - ~0,59383F 00
0.37217€ N2 0.37322F 02 -0.28217E 00
0421176 02 ‘0.42170F 02 -0.12794F° 00 -
0.47642E 02 0.47937F 02 . ~0.61930F 00
0.53642F 02 . 0.53973F 02 . =0.61756F 00
0.61632C 72 | 0.62)01E 02 -0.59856F 00
0.73632F 02 . . 0.73999C 02 -0.49894F 00
0.87632E 02 _0.878B95F 02 _-0.29989E 00
0.10363E 03 0.103R88E 03 -0.23916F 00
0.12363F 93 0.12346F 03 0.13331F 00 .
0.14378E 03 0.14356F 03 0.14859F 00 -
0.16363E 03 © 0.16318F 03 . ~ 0.27298F. 00
0.19362E 03 0.19288E 03 0.38488F 00
0.223630 93 0.22311E 03 0.23290F 00
0.25353F 03 © 0.25279E 03 0.29240F 00 .
0.29333F N3 C0.293)1F 03 ‘ 0.10915F 00 - s
0.33373E 03 0.33404F 03 ~0.92760F-01
0.37363E 03 '0.37399F 03 ~0.96968F-01 ~
0.43362F 03 0.43234F 03 0.29560F 00

0.52262F 13 T 0.52330F 03 -0.13021F 00
0.65762E 03 0.65970F 03 . . =0,31702F 00
0.84062E 03" . 0.B3943F 03 ' Q.14117F 00 = %
0.,10196F 04 0.10197FE 04 ~0.93621F-02

-

¥




L

- e

. 0.411277€

0.536228F

S 0.103613E
0.123413F

0.253584E

PLEXT)
(PSTA)

0.185343F 02
0.195167E 02
0.,209901E N2
0.234459E N2
0.259017E N2
0.283575F 02
0.,313045F 22
0.352338E 02
ne?
0.476228E 02
02
12
0?2
n73
03
0.143663E N3
0.163613E 03
0.1935%13E 23
0.223613E 03
13

0.636228E
0.736228F
0.876131F

0.293384E
0.333584F
0.373584F
0.433584F
0.50B8584F
0.638084F
0.788584F
0.890084E

N3
n3
n3
n3
33
n3
13

N7

03

" YABLF  D-41

INPUT AND QROCESSED.DATA

. N i
NET CONFINEBERT PRESSUR
TEST-METHON USED

GAS USEN AS FLOWING FLUID

0.140969F
0.142991F
0.14591NF€
0.149593F
0.157943F
0.173169F
0.213198F
0.284171F
0.342864F

02
07?
02
02
0?2
N2
02
02
02

0 :719512F-P1

F

)

_ SAMPLE  NUMBRER
. RUN NUMBER -

PIWELL) 7 FLOW RATE
(PSIA)Y (MSCF/D).
0.136228F 02 0,293275F-03
0.136228F 02 0,358208F-03
0.136228E 02 -0,458199F=03
0.13622RF 02 0.,635052E-03
0.136228F 02 0,R262220-0%
0c136228F 02 0,103135F-02
0.136246F 02 H,128979F-02
0.136264F 02 0.165673E-02
0.,136291F 09 0,228550F-02
0.136318E 02 0.304555E-02
0.136336F 02 ,38405RE-02
0.136372F 02 B .533096E-02
o;%Baaan.oz N.701006F~02
o§736420E N2 0.9727688F-02
0.136564F 02 0,1328256-01
0.1367R1E 02 0O,184467F-01
0.136572F 02 nN.246552E-N1
0.136572€ 02. 0,315509E6-01
0.138739F 02 9,435439E-01
0.139660F 02 0,565359E-01

0.944518F-01.

00
00
0n
00
00
00
00

7.121455F
0.152433F
7. 200 66%4F
0.274250E
1. 429070F
0.648968F
N.819749F

f

1000 PSIG
CASE-I
NITROGFN
LS-2 ‘

5

"wounonon

VISCOSITY
(cP)

T 0.176367E-01

0.176373F=01
0,176463F=01

0.176476F-01

0.176489F =01
0.176503F-01}
0.176519F =01

0176540FE-01

0.176572F-01
0.176746F -01
0.176779F-01
0.,176833FE~0]
0.,176888F-01
0.177160F-01
0.177247F-01
0.177355E-01
0.176907F-01
0.177016E-01
0.177348F=0)

0.177514F-01
0,.177935F-01

0.178157¢-01
0.178382F-01
0.178608F-01
0.1791736-01
0.179610F-01
0.180348E-01

1 0.181337€-01
0.1820056-01

© . D.937RAILE

04 939R68F

N394 34 65E

MR T %7
(CPHDEG, R)

01
01
01
01
01
01
01
01
01
o1,
01
01
N1
01
01
01
01
01
01
0
01
01
01

0.936326F
0.936349F
0.937395F
0.937452F
0.937509F
0.937565F
0.937633F
0.937725F .

0.536728¢

0.940101F
0.940336F
0.943087F

0.943935F
0.937483F
0.937950F
0.940737F
0.941456F
0.,945365F
0.946338F
0.947330F
0.948329F 01.
0.957640F 0}

0.9546037201,
0.958128E 01 -
0.962478F 91

0.965575€ 01
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TABLE D-42
NUMERICAL PARAMETER ESTIMATION TFCHNIQUF
THE GAUSS—-NEWTON METHOD ,
1.E. A NON-LINEAR LEAST SOUARES ALGHRITHM )
< LINEAR SQUARES ESTIMATES
. : ¢
1TER ‘ K B FB .
NO (MD) - (PSIAY (1/FT)
IN. GUESS 0.6960FE 00  0.8376E 01 0.1857F 10
’ 1 0.5212F 00 0.1296F 02 ~-0.8179F 09
3 2 0W5485F 00  0.1336E 02 -0.1124E 10
¢ 3 0.5496F 00 _0J1334E 02 +=0.1114F 10
4 0..5496E 00  0.,1334F 02 =0,1114F 10
5 0.5496E 00  0.1334E 02 -~0.1114F 10
FRACTIONAL, POROSITY ="0.1391E 00
SUM OF ERROR SOUARES = 0.9009F 01
_ VARTANCE = 0.3465E 00
STANDARD PEVIATION = 0.5886F 00 .
VARTANCE-COVARTANCE MATRIX S o
0.20187E-05 ~0 .38384E-03 0.34654E 06
—0.383845503 © 0.96823F-01  ~0.58026F 08
0.34654F 06 =N .58026E 08 0.71876E 17 )
CORRELATION MATRIX
" 1,00000 - -N.86821 © 0,90978
E SN
—0.86821 ~1.00.000 | ~0.69557 N . R
i N . : .

\\

0.90978 =0 . 69557 1.00000

J
3
@k
23
g
1
3
g




0BS. FUNCTION

0.18534E 072"

0.19516F 02
0.209908E 07?2
0.23465F 02

0.259 1E N2
0.7R357E 02

0.31204E 02
0.35233E 02

0.41127€,02
0 .47(3?_2[”:\‘\%2

0.53622E N2
0.63622€ 02
0.73622E 02

0 L.8TH13E. 02

0.13361E 03
0.172341E 03

0.14366E ND3-

0.16361E 03

0.19354F 03

0.272361F 03
D.25358E 03
0.,29338F 03
0.33358F 03
0.37358E 03
0.43358E 03
0 .50858E 03

0.63808F 03

0.78RS8E 03
0.8900°8E 03

0.88937t

TABLE D-43
CALGC. FUNCTION ERROR (PERCENT)
A ' .

0.18426E 02 0.58182F 00
0.1940.2E 02 0.58750F 00
0.2)851E 02 0.65926F 00
0.23267FE 02 0.76123F 00
0.25727E 02 0.67248F 00

C 0.28214F 02 0.50522F 00

S 0.31130F 02 0.55636F 00
0.34951F 02 0.80088EF 00
0.42948F 02 0.43519F 00
0.47427E 02 L 0.40962F 00
0.53529E 02 “ 0.17447F 00

. 0.63669F 02 -0.74084F=0]
0.73670F 02 ~0.65202E-01
0..B7T943F 02 -0.37650E 00
0.17388E 03 ~0.26080F 00
0.12381F 03 -0.32176F 00
0.14388E 03 ~-0.15273F 00
0.16398F 03 -0.22628F 00
0+19466E 03 ~0.59624F 00
0,22317F 03 0.19404F 00
0.25366F 03 ~0.22625E-01
0.29227E 03 L0.3T962F 00
0.33327€ 03 0.15257E~
0.37469F 03 " =0.29867F, 00
0.43242F 03 C 0.26626F. 00
0.5 TR8E 03 0.13814F 00
0.63896E 03 -~ ~0,13789F 00
0.78946FE 03 - -0.11230E 00

03 0.80119E-01

“>

PE
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Py




- P

@
P(EXT) .
Xy

0.145374F
0.150286F
0.155197E
,0.160 205E
0.165117F
0. 174940F
0.1895675E
0.209321F
0.233879F
0.263349F
0.30 273RE
0,251 8845
0.,410793E
0.4T6ERBOE
0.536880F
0-. 6159 3RFE
0.715938E
0.835938F
0.976073E
0.113407E
0.133707F
0.153613E
0.183613E
"0.213513E
0.253222E
0.293422F
0.343772F

02
02

02,

N2
0?2
12
07
7?2

nz.

32
0?2
ap
0?2
N2

ny

0?7

02

n?
02

3

03
N3
03
13
03
13
n3

. 0.399243F

i
TABLE D Aﬁ%

A

INPUT AND PRACESSED DATA

NET CONFINEMENT PRESSHRE = 400 PSIG
TEST=-METHOD USED = CASE-]
GAS USFED AS FLAWING FLUID = NI1TROGEN
SAMPLE NUMBFR : .= LS~3-A
RUN  NUMBER =1
PIWELL) TFLOW RATE VISCOSITY
(PSTA) (CP)

0.135605F 02
0.135614F 072
0.135616F 072
0.F357206 02
0.135720F 02
0.1357729F 02
0.135756F 2
0.135783F
0.1358728F
0.135900)F
0.135105F
0,1 36268
0.126529F
0.137794F
0.138299F
0.1392MF
0.139G64F
0.,143196F
0.147861F
0.154663E
0.3167262F
0.1840195 02
0.216435F 02
0.257079E 07?2
0.322131F 02
0?2
02

02
02

a2
0?2
N2
02
02
02
0?2
n?
Nz

0.96228E

N2

ne.

nz

0 .449423F

"0..127148E

(MSCF/D)

0.453921F-03

2D, 692245E-03

7.937754F-03

N.118878E-027

0, 144R22F-02
).199024F-02
0.285460E-02
N.4102626-02

0 5R1691F-02

Y.R12260E-02
0.115659¢-081
1, 165007F=01
0.2335716-01

"9 321423F-01
0, 412882F=-01

3.548975F=01
0,745944F-01
N.IO1727F 00
0.137950E° 00
N.184149F 00
0.252025F 00
V.326344F 00

00
00
00
01

3. 582585E
0.768602F
1.986276F

00

N0.175328F-01
0.175331F-n1
0.1753337=n1
0,1754506-01
017546527 -01

0. 1T7548R8F-01

0.3 75466F-01

. 0.175502F-01

0.175515F-01

0.175531F-01 ~
0,175641F-01

0.17540L87-01
0.1757006-01
0.175850F-01

0.175883F-01

'0.175981E-01
0.176035F-01
0.176102F-01
0.176238F-01
0.176328F-01
0.176446E-01
0.176591F-01
0.176774F=01
0.176960F-01

9.177216F-01
0.177482F-01
0.177823F-01

- 0.925636F

204

-

MU=ET%7
(CPENEG

0.923737¢
0.9223743¢
0.9237har
0.92%160F

L 0.925171F

0.925193F
D.GP82V8F
0.925579¢
0.925699¢
0.926874F
0.C26005¢C
0.927A17F
0.92r668F
0.928806F
0.97296550
0.92498R3F
093016 2F
0.931196F
0.931572€
0.932066EF
0.932909F

- 0.933619F
0.93%4471F

0.935557F

“0..936696F

QaQ381Q5F

~
~

R)

01
01
N1
1Y
ni
01
0l
01
01
01
01
0]

01

01
01
01
01
01
01
01
01

01

01
01
01
01
oY

//;~///
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TABLE

1

D-45

NUMFRT CAL PARAMFTFR FSTIMATION TECHNIQUE

THE GAUSS-NEWTON METHDD-
1.E. A NON-LTNEAR LEAST SOUARES ALGNRITHM

1 TER 1 K B
NO. C(MD) (PSIA)
IN., GUFSS 0.B577E 01 0.4938F 01
I © M.TT63F 01 © 0.1417E 0]
2 0.7868E 01 0.9613F 00
3 0.7869F 01 0 .9621E 00
4 0.786G9E 01 0.9621€ 00

FRACTIONAL PORNSITY. = 0,6181F 00

SUM OF ERROR SNUARES
VAR ANCE |
STANDARD DEVIATION

i

VARTANCE-COVARTANCE MATRIX
0.38489F=02  -0,21608F-01
~).21608F-01 0.14261F 00

0.19148F 07 -0 .96168E 07

CORRELATION MATRIX

-1.92231

< 1.00000
-0.92231 11.00 000
0.91724 -=0.75679

Lo

*0.3959F 01
0.1649F 00
0.4061F 00

0.19148
-0.96168

0.11322

LINEAR SOUARES FSTIMATES

F8
(1/FT)

0.2655F
0.1747TF

0.1756E

0.1758F

£ 07
F 07

E 16

)

0.91724

~0.75679

1.00000

10 -
10

10
10

10

205




—

0oBsS.

0.14537F
0.150 28E
0.15519F
0160 20E
0.16511F
0.17494E
0.18967F
0.20932E
0.23387E
"0 .26334E
0.3)273F
0.35185E
0.41079E
O LA THABE
0.53688E
0.61593E
0.71593F
0.83593F
0.97607F
0.11340E
0.13370F
0..15361F
0. 18361F

- 0.21351E

0.25322E
0.29342E

0.34377E

FUNCTION

02
02

D2,

n2
N2
0?2
D2

02"

0y
0?
N2
02
0?2
02
0?2
02
t2
0z
07
03
03
03
N3
03
03
03
N3

TABUF  D-

46

CALC. FUNCTION

0.14550F
0.15047E
0.15541F
0.16045E
0.16528E
0.17528€
0.19796E
0.2) $ATE
0.234)6E
0 26349F
0.3)257E
0.35122E
0.4)976F
0 4THLGLE
0.53535E
0.61472F

0.71493E

0.83565F
0 .9THROE
0.11350F
0.13493E
0.15418F
0.18415¢E
QQ21362E
0.25164E
0.29312E
0.34449F

02
02 .

02
0?2
02
02
02
02
02
02

02 -

02
02
02
02
02

02

02
02
03

03

03
03
03
03
03
03

-

ktes

ERROR (PERCFENT)

-0.,92012F-01
-0.12286E 00
~0.14234E 00
-0.15479E 00
-0.16410F 00
-0.19644F 00
~0.20580F 00
-0.17057F 00
~0.78942F-01

~0.56116F-01 . °

0.53288F-01
0.17973F 00
0.25028F 00
0.30077F 00
0.28330F 00
©0.19678F 00
0.13974F 00
0.33677F-01

_ =0.74834E-01

~-0.0836357-01
-0.24593F 00
-0.37370F 00

-0.29578E 00

-0,50254F-01
0.62497F 00
0.10169F 00

-0.20902F 00

P

206




"METHOD 3.

@
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TABLE D=47

A SEMI-GRAPHICAL MFTHOD DF PARAMETER ESTIMATION

"THE REYNOLNS NUMRBER CRITERINN,I.E.
IN VISCOUS-REGION TF NRE IS LESS THAN 0.01 /

ERRK(NV)==1.9361F 00

1.F. A SIMULTANEOUS LINFAR LFAST SQUARES FIT TECHNIQUE
NV BNV ) KV (NV) KI(NT) FRINT) NRF (NV )
4 002028 01 0.T444F 01 0.7565F 01 1529F 10 0,3375F-03
5 0.2013F 01 0.7451F 01 G.7577E 01 0.1541€ 10 0.4136E-03
6 0.1781F 01 0.7558FE N1 0.7646E 01 +0,1595F 10 0.5866F=03
7 0.1674E 01 0.7607F 01 0.7678E 01 0,1621E 10 0.8514F-03
B 0.1691F N1 0.7600F N1 0.76ROF 01 0.1624E 10~ 0,12198-02
9 0.1762E 01 0.7567F 01 0.7671F 01 0,1620F 10 0,1713g202
10 0.1741E .01 0.7576F 21 0.7684F 01 0.1632E 10 ¢ 0.2394F~02
11 0.1751F 01 0.7572F 01 0.7692F 01 0.1641F 10 0.3400F-07
12 0.1775E.01 0.7561F 21 0.7699F 01 0.1650E 10 0,4838E-07
13 0.1790F 01 0.75556 01 0.7710E 01 0.1662F.10 . 0.6845F=07
14 " 0.1804E 01 0.7549F 21 0.7723F 01 0,1676E 10 0.9422F-02
15 J1812E 01 .0.7546F N1 0.7739E 01 0.,Y692F 10 0.1215F-0]
16 0 1814E 01 0.7545F N1 0,7756F 01 0.1708F 10 ..0,1621F-01
17 0.1831FE 01 0.753BE 01 0.7771E 01 0.1723F 10 0,2208FE=01
18 0.L1863FE 01 0.7525F 01 0.7783E 01 - 0,1736E 10 0.3014F-01 ° ;
19 0.1919F 01 0.7503F 01 0.7790F 01 0.1745F 10 0,4079F-01 ;
200 0.2911F 01 0.7467FE 01 0.7795F 01 0.1754E 10 0.5431F-01 o
21 0.2)137E 01 0.7419F 01. 0.7782FE 01, 0.1750E 10 0.7345F-01 1
22 0.2293E 01 0.7361F 01 0.7729E 01 0.1717E 10 0.9235-01 :
23 0.2525FE. 01 OS7278FE 01 0.7610F 01 0.16376 10 0,1196F 00 1
DATA DISCRIMINATION METHODS . _3
METHOD 1. FINDING THE BEST FIT FOR THF KLINKENEFRG PLOT ;
I.E. THE MAXTMUM CORRELATIOM COEFFICIENT '
NV= 16 RINV)= 0.999 (MAXIMUM) ~ .
5 Ni= 11 RINI)= 0.997
IMETHOD 27 MATCHING THE VALUES OF K FROM THE KLINKENBERG
* AND MODIFIFN VISCO-INFRTIAL PLOTS
1.F. THE MINTMUM RELATIVE ERROR BETWEEN KV AND KI-~
Nv= 7 ,
NI= 20 N '

(MIN. PERCENT)
THE POINTS ARE
~NV= 14

NI= 13
NRE(NV)= 0 .9422E~ 02




b Y

P(FXT)
(PSTA)

0.,145544E 072
0.152420F N2
0,162244E N2

0.177075F 02
02

0.191319¢E
0.2109658 N2
0.236014F N2°
0.264993E N2,
0.3053272F D72

L0.353092F )2

0.413077F N2
0.4T8291F N2
V.57 7129 1t 07

LQL.69T291E 92

0.837791F 02
0. 9UBHRSE N2
0.117748F 03
0.13774RE 13
D.15774R2F N3
0.183748F
0.21374RF 03
0.25%¥348F N3
0.29%2548F 073
0.3437T48E N3
0.4127T48E 02

o 34;

TABLE D-48

4

INPUT AMD PRNCESSEN DATA

NET CONFIRFMEMT PRESSURE
TEST-METHON HISED
"GAS USED AS FLOWING FLUED

SAMPLF  NUMRFR

RUN  NUMAER
PUHELL ) FLOW RATE
(PSIA) (MSCF /D)

0.13724G8F 02
0.137249F 02
0.137267F 22

L0.137381F 02
0 137299F 02

0,137417F 02
N.137472F 02
0.137526F 072
O.@37616E 0=
0 137P79E N2
NL.1379985E 22

HD.138916E 0?2

0.139657+ 02
0.140975F 07
N.143250F 072
0.146766F 02
0.152710F 92?2
0.163025F 02
0,176777¢ 072
D 19G616F N2

()232524F 02

0.286797F 02

0.352612F 02

OeOO2685F )72
0.594985F 02

n.351849F-03
) 655 TRAF-02

. 11086 TE-02

V.182117F-02
0.257701E-02
De3I6RHE3F~02

N.5232656-02

N,7191546-02
N.102361F-01
3.144T95FE-01
0,2 3152F=-01
).?77’18(\(‘"@1
N LORLG4E-D]
7.597847C-01

0.R6G1497F=01

1.121308F 00
N.166042F 00

1. 225379F 00

N,.,?291227F 00
7.284533F 00
N 4997728 00

.. 659835E 00

N.R5140QF 00
N, 1108Q7FE 01
N.148835C 01

"

600 PSIG
- CASE-T
NTTROGEN
LS-3~-A
~= 2

mou non

VISCOSITY
T (ce)

0,175525F-01
0.175529F-01
0.175534F -0
0.175599F-01

04175607101

0.175617F-01
0.175668F 01
0.1757032F-01

De1T5725F-01

0.175752F-01
0.17584 1F~01
0.175917F-01
0.175971F-01
0.176111F-01

0.17T6188F-01

0.176644F-01
0.176745F-01
0.1768605-01
0.1769776-01
0.177132F-01
0.1773156-01
0.1776206-01
0.177880F-01
0.178211F-01
0.178687F-01

208 .

MU
(CP=ENEG R

\
0.926139F
0.92h154F
0.976176F
0.9726AQ08F.
0.926940f
0,9260R4F
0.977738F
0.927803F
0.927893F

T 0.9280036

0.,978836F

0.929484F

0.929709F
0.930RB8F
0.9317214F

L0.935125E

0.936555F

0.937046F

0.9375466F
0.938210F
0.93R997F
0.Y407H2E
0.941909E
0.943353F
0.945 443 F

)

01
01
01
()1
01
01
01
0
01
01
01
0]
01
01
01
01
01
01
01
01

01

01
01
(03]
01

i

1”f\\<
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TABLE D-49

NUMERTCAL PARAMETER ESTIMATION TECHNIQUE

] THE GAUSS—-NEWTON METHOD
TeFe A NON-LTNEAR LEAST SQUARES ALGORITHM

’

LINFAR SQUARFS ESTIMATES

o ITER K B . FB
gess NO (MD) (PSTA) (1/FT)
ot ,
oo IN. GUESS  0.7869F 01, 0.9621F 00  0,1756F 10
1 0L 604NE 01 0.3041E 01 0.1832F 10
2 0.6317F 0L  0.3234E 01 0,1824F 10
3 S 0.6319F 01 0.3228E 01  0.1824F 10
4 . 0.6319E 01 0,3228E.01  0.1824F 10
s VFRACTIONAL PORNSITY = 0.2683E 00
SUM OF ERROR. SQUARES = 0.1178E 02
VARTANCE = 0.5358E 00

STANDARD DFVIATIAN

1

s

0.7319E 00

VARTANCE=COVARIANCE MATRIX

0.491026-02 = .41143E-0] 0.33035E 07

~0,41143E-01  0.41191F 00  -0.24460F 08
‘D.33035E 07  -0.24460E 08 0.26896F 16

CORRELATINN MATRIX
B .

}-

11.00000 -0 .9148% 0 o8P 5F
-0.91484. 1.00000 =0,73487

© 0.90902 ©0.73487 - 1.00000
‘—‘/I

”

S >



TABLE D=50

A
0BS. FUNCTION CALC. FUNCTION ERROR (PFRCENT)
H ’ .
0.14554E 07 0.14552F 02 0.13471F-01
0.15242E 02 0.15237F 02 0.29757F-01
0.16224F 07 0. 1621 5E 02 0.56405E-01
0.17707E 0?2 0.17690C 07 0.95219F-01
0.19131E 07 0.19172E 02 0.15352F 00
0.21096E 02 0.21052E 02 0.20709F 00
0.2360 1E N 2. 0.23543E 02 0.24357F 00
0.26499E°02 . 0.26395F 02 0.39269E 00
0.30502F 02 0.373%8E 02 0.47229E 00
0.35389F 02 ¥ 0.35219F 02 0.48088F. 00
0.413)7E 02 “0.4106TE 07 0.58279F -00 -
0.47829F 07 0.47617F 02 0.4413‘E 00
V.57729F na. 0.57428E 02 0.52083F 00
0.69729E 072 0.69459E 02 © 0.38T04EF 00
0.83779E h?2 0.83604E 02 0.20890F 00
0.99848FE 02 0.99958E 02 " -0.11050F 00
0.11774E 03 0.118)9F 03 -0.29514F 00
0.13774F 03 C0.13846F 03 -0.51724F 00
0.15774E 03 ‘ 0.15893F 03 -0.75322E 00
0.18374F 03 . 0.18504F 03 -0.,70696F 00
*0.21374E 03 0.21424F 03 ~0.23069F 00
0.25334E 03 0.25134F 03 0.78929F 00
0.29354k 03 0.2921JE 03 - 0.46832E 00
0.34374E 03 0.34324F 03 0.14522F 00
0.41274E 03 0.41389E 03  =0.27658E 00

r -

]



PLEXT)
(PSTA)

nz
n2
0?2
02
n?
2

0.145604E
0.160584¢
L0.176450F
" 0.191431F
0.211030¢F
0.235047F
0.264026E 02
0.303318F )2
0.352434F 02
0.412505E 02
0.478131F 02
0.577072L 02
0.696073E 02
0.8360T3F 92
0.996034E N2
0.117803F D3
0.137603E 03
0.15760%5F
0.184603E 03
0.213403E 13
0.253403F N3
0.,293603F 73
0.343503F 03
0.412403E

n3.

13

TABLE DH~51

INPUT AND PROCESSED DATA

NET CONFINFMEMT PRESSURE
TEST-METHON
GAS USED AS FLOWING FLUID

SAMPLE

RUN'_NUHRER

PIWELL)
(PSTA)

0.136572F
0.136590F
0.136511F
0.136511F
0.136451F
0.136487F
0.136523F
0.1306613F
0.1367T40F
0.,136860F
D.12795%E
0.138511E
0.130612F
0.141544F

-0 .145334F

0.149909¢
0.158382F

DG170170F

0.190062F
0.2190869F
0,268279F
0326850 F
0.61Y3044E
0.546034F

USED

NUMBER

02
0?
02
0?
02
02
02
02
02
02

07

oz
0?2
02
32
02

02
0?2
02
07?7

02

02
02

-0..246104F

"N .T783949F

FLOW- RATE
(MSCF/D)

0.351719F-03
7.972781F-03
D.16837BE-02
9.7240199F-02

0. 3609()6[‘-—02

9. 4T584TE-02
0 .654290F=02
Y.925098F =02
1.1308190-01
9.186452R-01
nN.,251236F-01
3 269591F-01
n.538583F-01
N.7T486TE-01
N,109258F 00
0. 150B64F 00
0.203059F 00
N.261958F 00
00
00
00
00
0l
01

N.455106E
N.613583F

N.101104E
N.137172F

800 PSIG
CASE-T
NITRAGEN
LS-3-A

3

monon

VISCOSiTY
S e

0.176314F~0)
0.176323F-01
0.176358F=-01
0.176396F =01
0.176494FE=01
0.176507E-01
0.176523F-01
0.176544F-01
0.176571F-01

0.176687F=-01 .

0.176T488-01
0.17683460-01
0.176899F =01
0.176976F-01
0.,177122F-01
0.177224F-01
0.,177337F=01
0.1T77452F=01
N0.177606E-01
0.1T77868F~01

0.178116F-01

0.178371F-01
0.178699E-01
0.179163E-01

G

0.935846F

211°

MU= T 7
(CP&NEG R

01
01
01
01
01
N1
01
01
01
01
0l
01
01
01
01
01
01
01
01
01
01
01
01
01

0.935881F
0.936617F
0.936652F
0.937771F
0.937T827F
0.937894F
0.937986E
0.938100F
0.939726H8F
0.939736F
0.940258F
0.940629F
0.940972F
0.942062F
0.942502¢
0.947991FE
0.943494E
0.944162F
0.945970k
0.947059F
0.948185E
0.949633F
0.95170°2F



TABLE

D-52

'NUMERICAL PARAMETER ESTIMATION TECHNIQUE

ITER
NO

IN, GUESS

1

2
3
4

THE GAUSS-NEWTON METHOD |
1.F. A NON-LINEAR LFAST SOUARES ALGORITHM

LINEAR SQUARES ESTIMATES

K
{MD)

0.6319E
0.5695E
0.5737¢
0.5737F
0.5737€

FRACTIONAL PORNDSITY = 0.2455E 00

SUM OF ERROR SQUARES

VARTANCE

- STANDARD DEVIATION

-

VARTANCE-COVARTANCE MATRIX

B FR

(PSTA) (1/FT)

01  0.3227€ 01  0.1824F

01  0.3333E 01  0.2027E

01  0.3346E 01  0.2032E

01  0.3346E- 01  0.2032E

01  0.3346E 01  0.2032F
= 0.6563E 01
= 0.3125F 00
= 0.5590E 00

0.20593E 07

0.2319F-02_  -0,21576F=01

~0.215766-01

»

T0.20593F 07

0.23954E 00

4 .16957F 08

CORRELATION MATRI X

1.00000
-0.91543

0.91023

"N ,91543

1.00000

0 JT3747

0.22072F

0.91023

~0.73747

1.00000

-0,16957E 08

16

10
10
10
10

10

212



.

TABLE D-53
OBS. FUNCTLON = CALC. FUNCT.ION ERROR (PFRCENT)
S0 I4560E. 02 0.14576F 02 -0.10927F 00
0.16N58E 02 0.16094E 02 ~0.22191F 00
0.17645E 02 C0.17691F 0?2 -0.26076E 00
0.19143FE:02. 0.19193F 02 -0.26561F 00
0.21103E 02 0.21¥50F 02 -0.22358F 00
023504 02 0.23549F 0N ~0.19231F 00 -
0..26402F 02 "0.26429F 02 ~0.10034F 00
0.3)331E N2 0.31338F 02 ~0.23128F-01
"0.35243E.02 0.35205E 02 0.10901F 00
0.41250E N2 D0.41166F 02 0.2047T4F 00
0.47813E 02 0.4T666F 02 0.30774F 00
0.57T70 7€ 02 0.57515 - 0.33208F 00
0.69607F 02 0.69381F 02 0.32390F 00
0.836N7TE N2 0.83436F 02 *0.20473F 00
0.99603F 02 0.99613F 02 . -0.10509F-01
"0.11780E N3 0.11783E 03 . -0:25581F-01
0.13760F 03 0.137R5F 03 -0.,18132F 00
0.15760F 03 0.15799F 03 To =0.24822F 00
0.18360F 03 0.18384F 03 . - ~0.13036F 00 .
0.2134C0F n3 0.21411F 03 -0,334655 00
0.25340F 03 0.25379€ 03 © =0.15569F 00
0.29360F 03 0.29294E 03 :0.22393F 00
0.34350F 03 0.34160F 03 : 0.55355F 00 -
0.41240F 03 0.41359F 03 -0.28868F 00

213



PIEXT)
(PSTAY .

0.145567F
0.,160548F
0.175431F
0.189184F
*0.210009F
0.7338719F
0.282504F
0.332014F
0.411091€
0.496551F
0.,597648F
0.716648F
0 .85664 ABF
,0.101564F
"0 .119464E
0.139668E
0.163568F
"0.189568F
0.219424F
0.253574F
0.293574€
0.343374E
0.410574€

02

N2
ne
N2
nez

N2,
02

N2
n 2
Ve
02
N2

nz

13
073
72
03
N2
N3
13
03
N3
03

0.135762r

0,214084E

NET CANFINEMENT PRESSURF.

TEST-METHON USED

GAS USFD AS FLOWING
NUMBRER

SAMBLE

RUN - MUMBER -

PIWELL)
(PSTA)

02
07?7
0?2
02
N2z
07?

0,135789E
0.135702F
0.13572)F
0.135738F
0.,135774F
0.135864F
0.135912F
0.136093F 02
02
02
22
2
02
02
n?z

0.137212E
0.137905F
0,138970F
0.14070 3F
0.143520F
0.146172F
0.155824F
0.168717F
0.187012F 02
02
0.252149F 07
0.304703F 02
0.382797E 02
0,500 744E 02

214
’ 2
{—— L
¥
TABLE D-54 S
3 4
INPUT AND pnncessap DATA \;:\;‘;
=. 1000 PSIG -
= CASE-1T .
FLUID = NITROGEN )
= LS-3-A _
=4 SR
FLOW RATE S VISCOSITY MUTE7-
(MSCF/D) (cp) (CP*NEG R)
N'.3531956-03 0.176402F-01 0.934934F 01
1.92B385F-03 0.176410F-01 0.936968F 01
0.15645376-02_ 0.176642F-01 0.939758F 0]
1.214903F~02 0.176650F-01 0.939790F 01
0.3131256-02 0.176746F=01 0.940RA3E 01
1.436353F-02  0.176759F-01 0.940038F 0)
0.722236E-02+ 0,1767856-01 0.941052F 01
. 105866E-01  0.176895F-01 0.942197F 01
0, T69711F=01 0.175938F:QLJ,Q<2;;383F,01
V1.2519R6F =01 0.176 3856~ G 9W25€6E 01
0.368743F-01 U.1767046-01 0.938673E (1.
N.531099F-01 _0,176770F-01 (.938953F 01
N.756980F=-01 0+177015E-01" 0.941363F 0}
N.105833E 00 0.177103E-01 0.941743E 01
N.145053E 00 0.177203F=01 0.942177E 01
N.194406F 00 0.177347F-01 0.943034F 01
0.259662F 00 - 0.177484E-01 0.943633F 01
). 339427F 00 0.1776376-01" 0.944298F 01
0.440111E 00 0.177872F-01 0.945773E 01
N.562B59€ 00 0.178081E-01 0.946692E 01
0.723786F 00 0.178332F-01 0.947798E 01
N.937421F 00. 0.178654F-01 0.949222E 01
0.125888E 01

02’

32

02

01

0.179100E-01 0.951206F



 TABLE

215

D-55

NUMERTCAL PARAMETFR ESTIMATION TECHNIOUE

CTHE GAUSS-NEWTON METHND

" 1.E. A NNN=LINEAR LEAST SQUARES ALGORITHM

~ LINEAR SQUARES ESTIMATES

 ITER ~K

J

8 - .f Fe

IND (MD) (PSTA) “{(1/FT)
SOOI GUESS C0.5737E 01 0.3345E 01 0.2032F
AN 0.5233E 01  0.3912E 01  0.2367F
2 0.5265E 01  0.3928F 01 0.2379F
3 0.5265E 01  0.3927€ 01  0.2379E
4 0.5265E 01  0.3927€ 01  0.2379F
*. FRACTIONAL POROSITY = 0,2006E 00
-4 \
SUM-BF ERRNR “SOUARES = 0.5675E 01
VARTANCE . = 0.2837€ 00
STANDARD DEVIATION = 0,5327E 00

VARTANCE=COVART ANCE MATRIX

0.18556E-02  ~0.19434E-01
~0.19434E-01  0.24019F 00

0.,20896E 07 -0 .19389E 08

CORRELATION MATRIX

1.00000 -0.92053
-0.92053 1.00000
0. T4243

© 0.91035

’

0.20896E 07
-0.19389F 08

0.28394F 16

0.91035

—0.74243

1.00000 -



0OBS. FUNCTICON

0.4 14556F
0.16054E
0.17542F
0.18918F
0.21900E
0.23387F
0.28250F
0.33201E
0.41109E
0 .49655E
0.59764F
0.71664F
0 .85664F
0.10156E
0.11946F
0.13966E
0.16356F
0.18956F
0.21942F
025361
0.29357F
0.34337F
‘0 4105 7E

/

N2
02
02
02
N2
02
02

02

N2
02
N2

02.

02
03
N3

03
n3.

03
03

03

03

03

N3

.

TABLE D-56

EALC. FUNCTION
N

0.14548E
0.16N33E
0.17516F
0.18R74E
0.20933E
0.23295E
0.28119€F
0.33015E
0.4)8TTE
0.49385EF
0.59430F
0.71397F
0.85665F
‘010 1R8F
'0.12718E
0.14039F
0.164)5F
0.1RA9SF
0.2L965E
0.25274E
0.292R0FE
0.34227F
0.41168F

02
02
02
02
02
02
02

02
02

02

02
02

02
03
03
03
03
03
03

03

03

03"

03

~

ERROR (PERCENT)

0.55346F-01
0.13460F 0O
0,15271F 00
0.23351F 00
'0.32089E 00
0.39663E. 00
0.46492E 00
0.56156F 00
0.56389FE 00
0.54246F 00
0.55976F 00
0.37297F 00
~0.12112F~-02
-0.31908F 00
~0.60040F 00
~0.52284EF 00
-0.29857F 0O
-0.20359F 00
-0.,10521F 00
0.32792F 00
0.26114E 00
0.31918F 00 .
-0.26939F _00

v



ot

Nolieo- YRR e NEV, BN NI RN

TABLE  D-57

FLOW RATE PRFDICTIDNS

1

<HHFRE K=«0, 5265¢€

00 (0BS.)

0.353195F~03
0.928385E6-)3
0.154537F-02

" 0.214903E-02

0.3131256-02
0.722236E-92

0:436353E-02 .

0.105846E-21
0.169711E-01

0.251986E=01

0.368743F-)1
0.531099F-01
0.756980F-01

0.105833F 50°
0.145053F 00

- FB=

¥

0.194406E 99 ..

0.259662EF 00
0.339427E 0
0.440111F 00

-0.562859E NN

0.723786E 00
0.937421E 09
0.125888E 01

B= 0.3927F
0.2379¢E

00(PRED. )

AV -
0.355304E~03

0.934809E-03

0.155437E-02

0.216516E-02

0.3158906-02"
0.729537E-02
0.440620E~02
0.107062E-01

0.171581E-01
0.254600E-01
0.372644E-01
0.534799E~01

- 0.756915E-01

0.105200E 00

p.143446E 00
0.192543E 00

0.258247E 00
0.338178E 00

0.439283E 00
- 0.566068E 00

0.727001E 00
0.942390E 00
0,125352€ 01

’USING THE ESTIMAT[D PARAMETERS K B AND F8
.
ol MDS
‘01 PSIA
10" 1/7FT

PERCENT ERRAR

-0.597378E 00
~0.691945F 00
~0.582856F 00
~0.750703E 00

- -0.883213F 00
-0.101087E 01

-0.97795%1E 00
~-0.114921E 01
-0.110201E 01
-0.103735E 01

-0.105813F 01
—0.696745E 00
- 0.854329E-02

0.597747F 00
0.110723E 01
0.958259E 00

C 0.544761F 00

0.367784E 00

- 0.187937E 00

-0.570145E 00
~0.444218E 00
-0.530084E 00
"0.425179E 00

217



FlexT)
(PSTA)

02
ne
02
N2
ne
13
03
13
n3

0.636244F
0.675744F
0.735T44F
0.81574LF
0.915T44F
0.101574F
0.113574E
0.127514E
S 0.143664¢
. 0.163564F
"0 .183564F
0.2023640 13
\0.233364F 03
0.263414F N3
"D.293314F N3
0.323464F 03
T 0.363464LF N3
0.40316LF 13
0.453564F 03
0.535564F

03

137

13

TABLF D-58

4

s

INPUT AND PROCESSED DATA

NET COMFINEMENT PRESSURE

TEST-METHOD USED

GAS USED AS FLOWING FLUTI

* SAMPLF

PIWELL)

T (PSIA)

0.135744F
0.135744F
0.135744F
0, 135744¢€
0.135744F
0.1357a4F
0.135744F
0.135656F
N 135666F
0.1356R4F
0.135693F
n.,13879 08
0.,135711F
0.,135740F
0.135973RF
0.13%756F
0.135792F
0. 135K28F
0.135RE2F
0,136153F

3

NUMRTR
RUN  NUMRER

n2
32
072
0?
0?2

07?2
N2

02
02
02
02

37?2
0?
02
0?2

0?2

02

D2
N2
02

FLOW RATE
(MSCF/ND)

N.220636F-03

).243359F=03"

N.279473E-03
7.33176RF-03
0 L,AaN3TL5F-03
D.HR1AZAE-03
N.582830F-03
VLTV6L4EE-03

nLAT3001E6-03

J.109303F-02

0.133196F-02
e LEQ200E-02
M. X 5537F-02

Y.256205E-02
0.311914F=02
Y .379R90NE-02
0 695052E-02

Y b1STTOE-02.

0.R1434HF-02
1.152916E-01

400 PSIG
CASE=-1
NITROGFN
SS-1-A
1

won g

VISCOSITY
(CP)

0.1%6273F-01

0.1766330-01
0.176780F-01
0.176823F=01
0.1 T76RTTR -0
0.176932FE-01
0.17696¢F—01

0.177042F-01

0,177016F-01
0.177125E-01

L0.177235F-01

0.1772437 -0}
0.1776637-01
0.1778165-01
0.177984F-01
0.178152F=-01

0.,17R459%~-N)

0.17R682F-01

-0.178968F-01"

0.179438F-01

218

{5 .
iid

MUT%7

(CPENEG R Y

0.933186F
0.937460F
0.939005F
0.939192F
0.939426F
0.9396A0F

0.939550F.

0.93987¢
0.938RL5HF
0.929314F
0.9397+6F
0.9402655¢
0.9472768¢F
0.943490F
0.GL4216F
0.944948¢F

0.946979F

0.94TO6A
0.94G9232F
0.951328¢%

01
01
O
o1
01
N1
01
01
01
01
0y)-
01
01
01
01
01
0
01
01
01



TABLE

NUMERICAL PARAMETER S

. THE GAUSS-NEWT
1.E. A NON-LINEAR LFEAST

LINFAR SO

ITER K
NO : (MN)

“IN. GUESS  0.1250E-01 0.

1 0.1466KE~-01 0,

2 - 0015/"85_01 On

3 0.1566E-01 0,

1" Oolc)(){\E—Ol Oo

5 0.1566E-01 . O.
FRACTIONAL POROSITY = 0.924
SUM- OF TRROR SOUARES = 0,28
VARTANCE = 0.16
= 0012

STANDARD DEVIATINN

VARTANCE-COVARTANCE MATRIX

0.13819E-07 ~0.12456E-03
~0.12456E-03  0.12500F 01
0.90514E 08  =1.77014F 12

CORRELATION MATRIX

-

1.00000 -0 94771
—0.94771 . 1.00000
) 1 0.93906 . -0.84010
5’

- -~

- D-59

TIMATION TECHNIOUF

N METHOD .
SOUARES ALGORITHM

UARES ESTIMATES
B FB
(PSTA)  (1/FT)

6308F 02  0.3229F
5227 02 =0.7572F
4903F 02 -0.5565F"
4804E 02 -0.5376F
4804E 02 ~0.5375F
4804E 02 "=0.5375€
4E-04

23E.02

61E 01

BBE 01

"0.90514F 08
~0.TT014F 12

0.67226F 24

0.93906

-0.84010

31025.89758

13

14

14,

14

14
14

219

T e



0BS. FUNCTION

0.63624E
0.67574F
0.73574E
0 .8157T4E
0.91574E
0.1N157F
0.11357F
0.12757E
0414366
0 X16356E
0, 18356E
0.20336E
0.23336E
0.26341F
0.293321E
0.37346E
0.36346E
0.40316E
0 .45356E

. 0.53556E

n2
0?2
02
02
02
03
03
03
n3
03
03
03
03

n3

N3
n3
n3
n3
03

~ D
AV

TABLE

CALC. FUNCTION

0.62497E
0 .EOKRLBE
N.72618E
0.80736F
0.91212E
0.1N162F
0.11411F
0,177R0E

«14498E
&’1()'49(’%:_
OﬂlRQQZE
020 456F

T O-ZBIfBLfE

0.26348F

0.29141F

“0,32170E

"0.365R2E

0.40310F
0.45152E
0.53608E

D-60

02
02
02
02
02
03
03
03

03

03
03
03
03
03
03
03
03

03

03

03

7

ERROR (PERCENT)

0.17714F 01
0.,13726F 01
0.12996EF 01
0.10272F 01
0.39537F 00
'~0,50129F-01
~0.47335F 00
-0.17939F 00
~-0.91989F 00
~0.85732F 00

C~0.46707E 00

-0.59135F 00
~0.50387F 00 -
-0.27573F=-01
0.64852F 00
0.54505F 00
-0.65017F 00
0.14245F-01
0.44906F 00

~0407392F-01. -7

220



PIEXT)
(PSTAY)

0.736406F N2
0.815599E N2
0.816711E D2
0.9367K¥IF 072
0.107661F 93
0.122661F N3
0.143461F 03
0.163655F 03
0.193655F 12
0.223551F 0?2
0.263551F
C.30285 18
0.35251F
0.403K51F
0.463151F
0.535151F
0.635651F
0.78065 1t
0.8KE651F 13
0.103405F N4
0.117215F N4
0.126764F D4

"2
)3
73
13
03

3

N3

N3

TABLF D=61

INPUT ANMD PROCESSEN DATA

NE1 CONEIMEMENT PRESSURE

TEST-METHOD 1ISPED

 GAS USFD AS FLOWING FLUID

0.139743F

SAMPLE, MNUMBRFR
RUN  NUMBER
P(WELL) FILOW RATE

(PSTA) (MSCF/D)
D135 24F 02 Y.211662F-03
0.,13%617F 072 0 ,23%225F-03
0.13664776 02 N,2394256-03
0.136477F 02 0.299219F-03
D.13665E D2 I,.376269F-03
0.136650F N2 0.475156F-03
0.136650E 92 1.A)TO9S1F-03
0.136592F 02 N.758037F-03
0.136610FE 0?2 D .1W)TATE-02
0.136572F 02 0J129058F-07
0.136500F 02 I%172105E-02
NLIZLEQ0F 07 0. 221010002
T0L136626F 02 ), 2897TA9FE~02
0.136h44F 02 0,369918F-N2
0.136662E 02 D.46T1489E-02
0.13669RE 02 0 .620806F-02
0.136779% 02 Y. R6912RE-02
0.136933F 02 0.132¢39FE-01
0.137095F 02 0.173755€-01
0.T38359F 02 0,253130F-01
0.1389376 2 9,367867E-01

0?2

0.515R54E-01

-

= 600 PSIG
CASE-T

o

SS-1-4A
2

n u

VISCOSITY
(ce)

0.176748F~-01
0.,176990F-01
0s176287H~-01
0.1.76609F-01
0.176372F-01
0.176542F-01
0,176649F=01
0.176819F-01
0,176983E-01

0,177148F =01,

0,177369+-01

0.1775910-C1

C.177842F-07

0.178124F-01

“0.178461F-01

0.178902F-01
0.179488E-01

0.180358E-01
.0.181081E-01

0.182017F-01
0.182937F-01
0.183601F-01

~_ ¢

NITROGEN -

221

MU T ]
(CP=DTG

0.92868 HF

0.941254F
0.937556F
0.933535¢
0.932449F
0.932R39F
0.924292F
0.93%5499¢
0.936200F

“0.93A903F

0.937849F
0.3300077
0.939660F
0.9404496F
0.942353F
0.944519F
0.947115F
0.951008E
0.954737r
0.959076F
0.963204F
0.96h6381F

R}
-~ L]
01 .
01
Q1
01
01
01
01
01
01
01
01
01
01
D1
01
01
01
01
01
01
01.
01



/ TABLE D-62°

L4

NUHERI&AL PARAMFTER ESTIMATION TECHNIQUF

THE GAUSS-NEWTNN METHOD

IeFEe A NON~LINFAR LEAST SQUARES ALGHRITHM

LINEAR SOUARES ESTIMATES

1TER K . B FB
NO (MD) (PSTA) C(1/FT)
IN. GUESS -0.1566E-01  0.4804F 02 oisééég
1 0.44T1E-02  0.8310F 02 -0.4962F
2 0.7555E-02  0.6226F 02 .-0.2171€
"3 . 0.9792E-02 0.5994F 02 -0,2608F
& 0.1044E~01  0.5734F 02 ~-0.2401F
5 . 0.1047E=01  0.5735F 02 -0.7405F
6 TP L104TE-01 0.5735E 02 =0.2405F
7 T0.10476-01 ) 0.5735F 02 -0.7405F
j’ N
FRACTIONAL PNROSITY = 0,132RE-03
‘\t. , [}
SUM DF ERROR SOUARES = 0.1154F 03
C VARTANCE = 0.6077F 01
STANDARD DEVIATION = 0.2465F 01
VARTANCE-COVARTANGCE MATRIX
0.30679F-08  -0.64481F-04 0.15250E 08
0.64481E-04 © 0,17432F 01  -0.29324E 12
0.15250E 08  —0.29324F 12  0.86230F 23
CORRELATINN MATRIX
1.00000 - -.88171  ° ' 0.93762

0.88171  1.00000  -0.75635

0.93762  -0,75635

1087.70103

14 .

14
14
14
14

14

14

14

222
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TABLF D-63
PBS. FUNCTION CALC. FUNCTION ERROR (PERCENT)
0.72640E 02 0.75213E 02 . =0.21360F 01 !}
0.81559E 0?2 0.78511F 02 0.37379F 01 '
0.81671E 02 . 0.79241F 02 0.29746F 01
0.93671E 02 0.91553F 02 0.22603¢ 01
0.10766E 03 0.10588EF 03 0.16466F 01
0.12386FE 03 0.122°9E 03 0.77820F 00
0.14346F 03 " 0L14329F 03 - 0.11757F 00
0.16365E 03 0.164)5F 03 ~0.24096F 00
0.19365E 03 0.19460F 03 -0.48952F 00
0.22355E 03 0.225)8F 03 ~0.,68676E 00
0.26355E 03 0.26582F 03 =0.86354F 00
0.3)365E 03 0.3)684F 03 -~ 10500F 01
0.35355E 03 ©0.35594E 03 -0.67793F 00
0.40385F 03  0.4)6TTE 03 ~0.72455FE 00
. 0.4A315E 03 0.467294F 03 © T 0.45688F=01 !
o 0.53515E 03 © 0.535)5E 03 , 0.18932F-01 b
4 0.63565E 03 0.63518F 03 0.72859F-01 i
‘0.THOOS5E 03, 0.77961F 03 © 0.13303F 00 ~ o
0.8RRAGE 03 0.88298E 03 063788E 00 - ;
0.10346E 04 0.10338F 04 " 0.7701RE-01 ‘
11721 04 T 0.11766E 04 -0.38532F 00
0.12676E 04 ,) 0.12663E 04 0.10113E 00
¢ ,\)
H i
0
e
>




PLEXT)

(PSTA)

0.936247E N2
0.1036424F N3
0.1}Y7432E 03
0,133732E03
0.153632F 03
0.173632E 13
0.203482E 03
0.243T82F 13
0.283032F 03
0.335261F 13
‘0.392961F 03
0.501661E 03
0.612661F 03
0.806661F 13
0.101567E 04
0.122267F 04
0.,142667€ 04
0.162267E N
0.193067E 04

INPUT

MET CONFINFMENMT PRESSURE

TABLE

AY

D-64

ANDY PROCESSED DATA

TEST-METHON USED

GAS USED AS FLOWING FLUID

"SAMPLE

P{WELL)
(PST A}

0.1362b5F
0.136265F
0.136351F
0.136360F
0.136360F
0.136369F
0.136378F
0.136378E
0.136387F
0.136687E
0.136705€
0.136750F
0.136813F
0.136939F
0.137253F
0.138228F
0.138733F
0.139528E
0.142020E

SA MUMBF R
RON  NUMBER

02
n?
02
02
(43
0?
02
N
02
02
02
07
02
02
02
02
02
02
02

FLOW RATE
{MSCF/D)

0.,763135F-03
N.3106926-03

"0.381492F-03

Vet T11484E-03
0.593158F-073
N.727T753E-03
0.941360F-03
3.127990E-02
0.167699E~02

".215423F=07

0 .788280F-07
0 HGTITSF=02
0.635835E-02
0.106136E~01
0.,167070E-01
N.241098F-01
0.339623F-01

0.,613428E-01

0.797098E-01

1000 PSIG
CASE-1
NITROGFN
SS-1-A

3

nn noun

VISCOSITY
(CP)

0.177056E-01~

0.177304F-01

- 0.177493F-01

0.177582F-01
0.177690E-01
0.177800F-01
0.177964E-01
0.178186E-01
0.178428E-01
0.178807F-01
0.179131F-01

©0.179856E-01

0.180500F-01
0.181665£-01
0.183126F-01
0.184519F-01
0.185986E-01
0.187498F-01

0.190111F-01

224

MURT®Z
(CPEDNEG R)

0.941540F 01
Q.QQAIROF 01

V.945905F 01

0.946294E,°0)
0.946770F 01
0.947249F 01
0.947968E 01
0.948946F 01
0.850222F 01
0.952620F 01
0.954017F 01
0.958208F 01
0.961149F 01 .
0.966538C 01
0.974608F 01
0.981313F 01
0.988479F 01
0.995958E 01
0.100903F 02

s
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~ TABLE D-65

}e
NUMERICAL'PARAMETER-ESTIHATION TECHNIQUE

~ THF GAUSS-NEWTON METHOD ’
T.E. A NON=LTNEAR LEAST SQUARES ALGORITHM

LINEAR SQUARES ESTIMATES

1TER K B _ FB
NO : (M) (PSIA) (L/FT)

IN. GUESS 0.84D0E-02 0.5850F 02 0.1720E 14
0.7731E-02 0.8846F 02 -0.2626E 14
“0.818MF~-0N2 0.7T679F 02 -0.1786F 14
0.8257E-02 0.7558E 02 -0.1723E 14 .
0.B8257E~02 0.7559F 02 -0s1723E 14
0.8257E-02. 0.,7559E 02 -0.1723F 14

U WN e

FRACTIONAL PansrfY = 0.,1348E~-03

0.3928E 03 |
0.2455E 02 = -
0.49550 01 :

SUM OF ERROR SOUARES
VARTANCE
STANDARG DEVIATINN

nouwon

VARTANCE-COVARIANCE MATRIX
0.395726-08 <0 .13790E-03  0.21368F 08
~0.13790F-03 0.65450FE 01° =0.66803F 12

0.21368FE 08  -0.66803E 12  0.13431E 24

CORRELATINN MATRIX
1.00000 - -0 .85689 0.92686
. . : {7 .

-0.85689 - 1.00 000 ~0.71248

0.92686 -0.71248 419.34885



0BS. FUNCTION

0.93624F
0.10342F
0.11743E
0.13373F
. 0.15363F
~0.17363EF
0.20348F
0.24378E
0.28303F
0.33526F
0.39296F
0.50166EF
0.61266F
0 .80666F
0.10156€

0.12226F

0.14266F
0.16226F
0.19306E

02
n3
03
03

03.

N3
03
03
03

03
03

N3
03

N3

04
D4
04
04
04

TABLE D-66

0.87566F

"0.98913E

0.11397F
0.13133F
0.15272E
0.17419F
0.20435E
0.2466T4E
0.29068F

- 0.33498F
" 0.39670F

0.5)852F

-0 .61496F

0.8)637F
0.10166E.
0.12141E
0.14198F
0.16304F
0.19301F

CALC. FUNCTION

02

03

03
03 .

03
03

03 -

03
03
03

03

03
03
04
04
04
04
04

ERROR «(PFRCENT)

"0.64707E 01
0.43620F 01
0.29430F 01
0.17962F 01
0.59389F 00

-0.32432F 00

-0+43034F 00

-0.12143E 01

-0.27021F 01
0.81796F=01

-0.95359f 00

-.—~0.13685F 01

-0.37565F 00.
0.36106E-01

~0.96293F-01
0.69941F 00
0.48048F 00

=0.48081F 00
0.29248F =01

226
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_ TABLE  D=67
INPUT AND. PROCESSED DATA
C NET CONFINEMENT PRESSURE = 200 PS16
TEST-METHON. USED = CASE-T-
GAS USED AS FLOWING FLUID = NITROGFHN
SAMPLE  NUMBFR = 55=2-A
RUN  NUMBER = 1A
PLEXT) PIWELL) FLOW RATE VISCOSITY MU T3 7
(PSIA) (PSTA) AMSCF/D) (CP) (CP%DEG R)
0.151059F 12 .0.136324F 07 9.4283996-03 0.176797F=01 0.941774& 01

0.155971E 02 "0.136324F 02 0.574019F-03 0.176853F-01 0.942441F 0]
0J160882F N2 0.136324F 02 0,720332F-03  0.176856F-01 - 0.942453E 0]
0.165794F 02 0.,136242F 072 0.8R2683F-03 0.176859E-01 0.942464F 01 7
0.171100E 72 0.136360F 02 N.105314F-02 0,176903F-01 0.942991F 01}
0.175T66E 02 0.136273F 02 0.1198756~02 0.176906F-01 0,943001F 01
0.185343F N2 0.136282F 02 N.153174F-02 0.176911F=01 0.943074F .01
0.19%167F 02 0.136291F 02 0.187816F=02 0.176916F-01 0.942047F 01.
0.209901E 12 0.136300E 02 0.240798F-02 0,176924F-01 0,943081% 01

L 0.224626F 02 QL13218E 02 N,297744F-02 0,176932E-01  0.,94311AF 0L
0.254106F 12 0.136354F 02 0.420295E-02 0,176948F-01 " 0.943185F 0]
0.283575F 02 0.136390F 02 0.553641F=02 - 0,1769640-01 0.9437254F 01
0.322675E*)2 0.136251F 02 1.754306F-02 0.176985E~-01 0.943346F 0]
0.371791F 02 0.136359F 92 0.102541F-01 0.,177012F=-01 0.943461F 0]
0.430730E 02 0.136468F 02 0.139757F-01 0,177044F-01 0.943A00F 01

T 0 J496034E 02 0.137732F 02 0.185566E~01 0.177080F-01  0.943757F 01
0.576889F 12 0L137R75F 02 1.25119F-01 0,177143F-01 0.944181F 0]
0.675889F 02 01363638 02 0.340926F-01 0,177197F-01" 0.944416F 01
0.795889F 127 0.1391N3E 02 N.466839E-01 0.177263E-01 0.944702E 01
0.935869E N2 0.14)349F 02 0.638260F-01 0,177340F-01 0.945036E 0] -
0.107584F 73 0.141944F 02 2.833417F-01 ~0.1774176-01 0.945372E 01~
0.123584F N3 0.,1444366 D2 0.108869F 00 0.177505F-01 0.945T58F 01
0.143684F 93 0.149102F 02 N,145016F 00 O0.177618F-01 0.946249F 01}
0.163584F 03 0.154996E 02 0.185336F 00 0.,1777306-01 0.946739F 0]
S0.183584F 13 0.163837E 02 2.23)640F 00 0.177844E-01 0.947241E 01
0.213584E 03 0.18)291F 02 0.206461F 00 0.178018E-01 0.948005F 0}
0.243274F 03 (.20156N0F 02 0.389830FE 00 0.178219E-01 0.943093E 01
0.283374FE 03 (0.238396E 02 0.513341F 00 © 0,178461E-01 0.950165F 01
0.324T64E 73 0.280539F 02 ).649676F 00  0.178968FE-01 0.954455€ 01

©0.374564E 03 0.345372FE 02. 0.833353F 00 . 0,179284E-01 0.955R73E 01



TABLE

D-68

28

NUMERT CAL PARAMETER FSfIMATION TECHN IQUF

L.E.

ITER
NO

IN, GUESS

U'l-l\wf\!‘r—'

THE GAUSS=NEWTON METHOD
A NON-LINMEAR LEAST SQUARES ALGDRITHW

LINEAR SQUARES ESTIMATES

K

0.3433F
0.1937€

0.226NE.
02303k

“0.2304E

0.2304E

FRACTIONAL PURUSITY

SUM OF ERROR SOQUARES
VARTANCE _
DEVIATION .

STAMNDARD

(MD) |

01
01
01
01
01
01

o

8
(PSTA)

0.7058E

0 .6620F

O.’(wf_’j—’E
0.6521E
0.6521E
0.6521E

2R6E-01

0.1538E 01
0.5698E-01
0.2387E 00

VARIANCF CDVARIANCE MATRIX

- 0. 6343604
~0.15214E-02

0.11361F 07

=) .15214E-02

) .24466E 08

CORRELATION MATRIX

1.00000
~0.92368

0.91964

) .92368
1.00000

0.76276

N.42T66E-01

-0,

01

01
01
01
01
01

FB
(1/FT)

0.5551F

0.,7361E
0.7391F
0,7320F
0.7320F
0.7320F

0.11361E 07
466E 08

0. 24058F 17

0.91964

~0.76276

1.00000

10
10

10

10
10

228



"0BS. FUNCTION

0.15105E
0.15597EF
0.16088E
0.16579¢E
0-«17110E
0.17576EF
0.18534F
0.19516E
0.20Q9)E
042246 3F
0,254 10F
0.28357E
0.32267E
0.37179E
0.43073E
0.4960 3E
0.576R8E
0.67588F
0 .79588E
0.93588E
0 .10 75BE
0.12358F
"0 .14368F
" 0.16358F
0.18358E
0.21358E
0.24327E
0.28337E
0.32476E
0«37456E

na2
N2

n2

0?2
n?2
0?2
02
n?
02
N2
02
N2
0?2
n2
02
N2
02
n2
02
n2
03
03
03
n3
03
03
03
n3
03

03.

CALC. FUNCTINN

i
S

TABLE

0.15156E
0.15647E

"0.16124E
0.16661F

0.,17203F
0.17635E
0.18646F
0.19648E

.. 0.21097E
'0.22583E
" 0.25549E

0., 2R488E

0.32508E
0.37345E
0.43245E
0.497)4E
0.57686E
0.67T5)TE

" 0.79228F

0.9328QF
0.10720¢E
0.12332F
0.164342F
0.16333F
0.18355E
0.21388F
0.243R5E
0.28386F

0.32451E"

" 0.37431E

D-69

0?2

02

02

02
02
02
02

02

02
02
02
02
02
02
02

02

02

02

02
02
03
03
03
03
03

03

03
03
03
03

.

ERROR (PERCENT)

-0.33645F 00
=0.32081E 00
~0.22504F 00
" =0.49459F 00
-0.54879F 00
" ~0.33655F 00
=0.60664F Q0
~0,67446F 00
-0.5096RF 00
-0.53565F 00
-0.54709F 00
-0.46190F 00
" ~0.75027E 00
~0,44825F 00 .
-0.39935F 00
-0.20428F 00
0.42055F-02
0.12080F 00
0.32697E 00
0.32022F .00
0.35151F 00
0.21262F 00
0.17894F 00
0.15258F 00
0.,16639E-01
-0.14125E 00"
~0.23705F 00
~-0.17386F 00

0.76978E-01 -

0.65456E-01

229



S5

CP(EXT)
(PSTA)

0.145664E
0.155487E
0.160890E
0.175394¢
0.185545¢E
0.195368E
0.209611F
0.224244F
0.249492F
0.283873F
0.332989¢

0.392419E.

0.457034F
'0.537034F
0.636534F
0.73)34F
0.876034E

'0.10360 3
0.12370 3F

0.143603F
0.163603E
0.183603E

‘0.213503E

0.243603F
0.283603F

0432340 3¢E

0.3733)3F
0.453603F

0.545603E

02
¥
02
2
02
N2
02
N2

ne:

12
0?2

)72

02
2
02
0?2
n?2
13
03
3
03
73
03
n3
03
3
03
3
03

>

TABLE. D-70

INPUT AND PROCESSED DATA

NET CNNFINEMEMT PRESSURE

TEST-METHOD HSED

GAS USED AS FLOWING FLUID

'SAMPLE

RUN  NUMBER

Q -
P(WELY)
(PSTA)

0.135841F
0.135868F

0.135877F.

0.135906F
0.136010E
0.1360109F
0.136028E
0.136046F
0.136179F

0.136215E,
0.136287k

0.136395E
0.136540F
0., 136756F
0.137)18RF
0.138273F
0..139284F
0.140R01F
0.,143498F
0.14T182F
0.152339€
D.159461E
0.173950F
0.192614F
0.225031F
0.,26506E
O .324491F
0.6441131F
0.602131F

NUMBER

0?2
02
02
02
n?z
nz
N2
0?2
3?2
02
07?7
02
22

02

02
02
n?

02
nz.

02
02
02
07?2
OF
02
n2

22.

02
02

"FLOW RATE
fMSCF/D)

0,216376E-03.

D .4459576-03

04569149 -03
).927501F-03

0.119103E~02
). 1452B4F-02
0.18521RE=02
N.?228528F-02
0.30T295F=02
1.426141F-02
D.615383E-02
Y RT2955F~02
0.119507F-01

7,1655508~01

N.230194F-0N1
N.3)6683F-01

0.429913F-01

1.594220£-01
0.83464BE-01

.D. 1112076 0D

0.142301F 00
I.176749F 00
N.235310t 00
1.3010528 00
N.397573F 00
1.501649F 00
0.648449F 00
7.922851E 00
0.,127571€ 01

200 'PSIG
CASE-1
ARGON
$S-2-A
b .

n o n

AVISCOSTTY
waP{

0.224130E-01

0.224136F-0]
0.224568E-01
0.226578F =01
N.224626F-01
0.224633F-01
0.224643F-01
0.,224653F -0
0.224T45F =0
0.224768%-01
0.224802F-01
0,224 644E=01
0.224929F =01

0.224985C-01
0.225055€~01 "
0.225126F-01

0.225225E-01
0.225339E~01
0.225444E-01

- 0.225589E-01

0.225737TE-01

10.225887E~-01
0.226116E-01

0.226351F-01
0.2266T1F~01
0.227120F-01
0.227541F-01
0.228243E-01

"0.229076E-01 "

230

MUETEZ
(CPENEG R)

0.11RO5TF 0?‘

0.1189A(0F 07
0.119467TF N2
0.119471F 02
0.119522F 02
05119525E Q2

0.149529F 02

0.119533F~H2
0.119628F 02
0.119638F 02
0.119653F 02

0.115671F 02

0.119738F 02
0.119762F 07
0.119792F N2
0.119823F 0?2
0.,119R4K6F 02
0.119915F 02
0.119928F 072
0.119991F 02

L 0.120056F 02

0.120122F 02
0.120272€ 02
0.120326F 02
0.120469F 02

0.120777€ 02

0.120971F 02
0.121298E 02
0.121691F 02

-




"TABLE D-T1

NUMER] CAL PARAMETER ESTIMATION TECHNIQUE

S THE GAUSS=NEWTON METHOD
I.E. A NON-LINEAR LEAST SQUARES ALGORITHM

~LINEAR SQUARES FSTIMATES
ITER K B L
NO J . (PSTA) (1/7FT)
’ : \ :

IN. GUESS 0.3433F 01° 0.7058F 01  0.5551F 10~

1 0.1635E 01  0.8102E 01  0.543BR 10
2 | 0.2055FE 0} . 0.8261F 0l.  0.5108F 10
3 0.2148E 01  0.8188F 01  0.5047F 10
4 0.2152FE 01  0.8187E 01  0,5046E 10 .
5 0.2152F 01  0.8187E 01  0.5046F 10
‘ . P
FRACTIONAL PnRQirTY = 0.,7815E-01 . . . -

12
0.8560E 01~
0,3292E 00
0.5738E -00

%

SUM OF ERRDR SOUARES
" VARTANCE
STANDARD DEVIATION

[ |

-VARTANCE-COVARIANCE MATRIX

0.12050F-03  -0.39876E-02  0.15366E 07
~0.39876£-02 |0+ 16271F 00 ~0.44810F 08
| 0.15366F 07 " 20 ,44810E 08 '»0.23§§85 17
CORRQLATION MATRIX:

1.00000 ©-0.90054 0.90359
0.90054  1.00000  -0.71708

0.90359 -0.71708  1.,00000
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TABLE D-72

W
G

0BS. FUNCTION - CALC. .FUNCTION ~ ERROR (PERCENT)
0.14566F 02 0.14544E 02 . 0.14880F 00 '
0.15548E N2 0.15534F Q2 0.90713E=01
0.16089E 07 T DL.16N6BF 07 0.25343F 00
0.17539F 92 . 0.17482E 02 : 0.32430F 00
0.1R554E 02 - 0.1R5N1F 02 0.28448F 00
" 0.19536F 02 ©0.19460EF 02 0.39238F 00
0.20961F N2 0 J.2DR66F 02 0.45333F 00
C0.22624E 02 0.22318F 02 -~ 0.51857F 00
0.24949E 02/ 0.24815F 02 0.53745F 00
0.2R8387E 02 - 0.28178F 02 " 0.73489F 00
0.33208E 02 0.33132F 02 0.49908F 00
0.39241E N2 ‘N,389A5E 02 0.70342E 00
0.45703E 02 D.45407E 02 _0.64718E 00
0.537V3F n2 0.53471E 02  0443122F 00 -
0.63653E 02 . T 0.632264E 02 ) 0.61115F 00
0.73603E N2 : ND.73426E 02 ‘ 0.23996F 00
0.87603E 02 : 0.87559E 02 0.49745FE-01
0.10360F 03 0.17372F 03 . =0.1195%1F 00
0.12370E 03 0.12394F 03 ~ °~ =0.19908F 00
0.143600 73 D.144156 03 _ ~C.38543E 0O
0.16360E 03 e 0.16416E 03 . -0.34352E 00
0.18360F 13 0.18410E 03 -0.27141F 00
0.213§0E 03 0.21432€ 03 -0.38515F 00
> 0.24360F 03 0.24446E 03 -0.3547RF 00
0.28360E 03 ' 0.28395E 03 ~-0.12297F 00
0.32340E N3 0.32245E 03 .. " 0.29309E 00
0.37330E 03 . 0.37146E 03 © ~0.49345F 00
0.45360E 03 " 0.453)6E 03 0.11945F 00

0.54560E 03 0.54658E 03 ~0.17923E 00




P(EXT)
{PSIA)

0.145471E 02

0.150628F
0.155294E
0.160205F
0.164537F
0.174360F
0.184183F
0.19410 3F
0.208838E
0.223573F
0.248131F
0.262608¢
0.331479F
0.390664F
. 0.456261F
0.535761F
0.635261F
0.735261F
0.875261¢E
0.103545E
0.123635€
0.143535E
0.163535E
0.183235E
0.213435F
0.243435F
©0.282935F
0.323785F

02

n?2
n2

02z
02
N2
0?
ne
02
nz2
02
2
02

0?2
N2z
N3
13
03

73
03
n3
03

ne -

SIVAN

2.

N3
03

INPUT AND P

NET CNNFINFMENT. PRESSURE

TABLE D-73

)

TEST-METHOD LISED T

GAS USED AS FLOWING
SAMPLE = NUMBFR

0.316%95E

"0.981831EF

FLUTD

+

RUN  NUMBER
P(WELL) FLOW RATE
(RSTA) (MSCF/D) =
0.135647FE 02 N.396602E-03
0.135647F 02 N.613602F-03
0.135647€ 02 9.,R13182F-03
0.135647FE 02 0.102905€-02
0.135647¢ 02 0.1238826-02
0.135085F 02 0.170830F-02
0.135103F 02 0N.219443E-02
0.135122E 02 0.270271E-02
0.135236F 02 0.350799E-02
0.135254E 0.2 0.436128E-02
0.135272F 02. 1.588049E-02
0.135%405€ 52 9 ,R16512€-02
04435477€ 02 N.1192R82F~-01
0.135622F 02 . 0.1714686~-01
0.136633F 92 1.236306E~01
0.136886F 02 0.329137E-01
N 137391F 02 1.462136E~01
0.138005F 02 0.618320¢-01
0.139233E 02 9.R69306E~01
"0.141305F 02 0.120645E 00
0.145181F 02 0.169337€ 00
0.151074F 02 0L 223895E 00
0.159179FE 02 1.285686E 00
0.169739F 02 0.351495E 00
0.190858E 02 0.465635E 00
0.217381F 02 0.589098E 00
0.261340F 02 0,766874E 00
02 00

h=3

ROCFSSED DATA .

200 PSIG
CASE-1 "

I TR VI

§$§5-2-A
1C -

VISCOSITY
(CP)

0.111051F=01
0,111226F=01
0.111051E:01
0.111051F=-01
0.110665F=01
0.,110665F-01
0.110665F-0]
0.110788FE-~01
0.110788F~-01
0.110788F=01
0.)110789E-01
0.110845F-01
0.110844F-01
Q.110845F<01
0,110864F~01
0.,110865E-01
0.110867F£-01
0.110870F-01
0.110872F-01

0.110838F-01

0.110739F~01
0.110744F-01
0.110748E-01
0.110753E-01
0.110863E~01
0.110871E-01

0.110881E-01

0.110891E-01

METHANE .-
A

N

\
\\

| MuxTx7

233

|
\

01591241F
045933K83F
0.591207F
0.591190F
0.586424F
0.586392F
0.586358F

- 0.587B21F

0.587770E
0.587719E
0.587634F"
0.588171¢
0.5R8RB(10 3E
0.5R87798F
0.587785F
0.587511¢
0.587167E
0.,586821F
0.586336F
0,585316F
0.583333F
0.582629F
0.581915E
0.581203F
0.581385E
0.580272F
0.578778E
0.577204E

| (CP*DLG R)

01,
01
0l
01
ot
01
01
01

01

01
01
01
01
01
01
01
01
01
01

01 -

01
01
01
01
01
01
01
01
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TABLFE. D-T4 ‘ . ’

PARAMETER ESTIMATION TECHNIQUE

RE GAUSS—-NEWTON METHOD
~LINFAR LEAST SQUARES ALGNRITHM

>

LINFAR SQUARES ESTIMATES

K B FB
(MDY (PSIA).  (L/FT) _

0.3433F 01 0.7058E 01 0.5551F 10
0.18)7E 01 - 0.6056E 01 0.8114F 10
0.2168F 01 . 0.5787F 01 0.8284E 10
0.22?7E 01 ~ 0.5837E 01  0.8167F 10
0.22?RF 01 - 0.5837E 01 0.8167F 10
0.2229E D1 0,5837E 01 0.8167E 10

CFRACTRNRNAL PNRNSITY = 0.7350L-01

'

0,3437€ 01
0.1374F 00
0.3707E .00

SUM N-WERROR SOUARES
VARTANCT

STANDAPT. DEVIATINDN

nooau

VARTANC NV AR TANCE MATRIX

. Q.21é:,«2)3 0 49015F-02 ! 0.36844F 07
“0.490156-02  ND.12B72E 00  -0.T4647E 08

0.36844F 07 = =0 .T464TE 08 0.74438F 17 - | -
2 : '

CORRELATINN MATRIX

1 1.06200 -).92823 - 0.91756

~0.92823 ©1.00000 ~0.76257
0.91756 -0 .76257 1.00000



p

"0.12363F 03

&

08S. FUNCTION

0.14547E 02,

0.15962E D2
0.15529E 02
0.16N20E B2

0.16453FE 02

0.17436E 02

0.18418E 02

0.19410E 02
0.20R83E 02
0.22357F 02
0.24813F 02

0.287¢ = 02

0.33147¢E 02
0¢39366E .02
0.45626E 02
0.53576E N2
0.63526E 02
0.73526E 0?2

0.87526E 02 -

0.11354F 03

0.14353E 93
0.16353E 03
0.18323E 03
0.21343E 03
0.24343E 03
0.28293E 03
0.32378E 03

RS

TABLE

0.14506E
0.157212E
0.15453E
0.15928F
0.16363F
0.172R1F
- 0.18258F
0.19254E
0.20749E
0.22239E
0.24709E
0.28)91¢E
0.33233E
0.38998E

0.45485E

0.53543F
0.63494E
0.73658F
0.877ROE
0.1041 3F
0.12408E
0.14378E
0.16370E
0.187297E
0.21342F
0.24297E
0.28176F
0.32477E

D-75

> CALC. FUNCTION

02
0?2
02
02
02
02
02

02

02
02
02
02
02
02
02
02
02

02
03
03
03

03

03

03
03
03
03

_ ERROR (PERCENT)

0.27605F 00
0.33471E 00
0.48878F 00
0.57493E 00
0.54833F 00
0.,8B670F 00

0.86962F 00

0.80488F 00
0:.64147F 00
0.52676F 00

© 0.41831F 00
0.59858E 00

0.34501F 00

0.17420F 0O .

0.30811F 00
0.,60919€£-01
0.49168F-01

=-0.17938F 00
-0.29051F 00

-0.46911F 00
-0.36543E 00

 -0.17593EF 00
-0.10284F 00
0.14434E 00

0.59623E-02

 0.18789F 00

0.41267E 00
-0.30405€E 00

*

S




. PLEXT)
(PSTA)

0.,146341E 02
0.15125%2E N2
0.156164E 02

0.161076E. 72 - 0

0.1656687E- 072
0.,175810E 12
0.185634E 07

0.1954%7F 12

0.210192E° 02
0.226926E 12
0.254887E 072

0.294180E D7
0.342296E 02

0.401744E 0.2
0.476518E 02

0.557518F 32

0.556357E 02

W 656518 N2
L TT6518E N2
0

L91651RE 92
0.107651F 23
0.125751F 13
0.145651E 03

0.16765%1E N3

D.189T51E 03
0.213451E 73
0.243551F 03
0.273351F 13
0.313751F 03
0.363651F )3
0.452651F 03

0.452651F 113

S

TABLE \0-76

CINPUT AND PROCESSEN DATA

NET CONFIMEMFENT PRESSURE

TEST-METHON USED

™ GAS USEN AS FLOWING

SAMPLE

PIWELL)
(PSIA)

0.136572E

0.136572E7

0.1365%72F
«136572F
0.1356572E
0.136572F
0.136581F
0.13659NF
0.1366)8E
0.136617F
O 1366445

.130752E
0.1368615

0.137023F

0.137258¢%
0. 1’7433F
0.139136F
0.139732¢

0.140707F

0 .142224E
Ne144535F
0-148060F
0.15370R%

0.161567F,

0.172863F
0.19%?91F
N.213)3RF
0.249484F
(e 30424RE
0.428518RF

0.42451RE

NUMRER |
RUN NUMBER

02
02
02

0?2’

02
02
02
02
02
02
02
0z
02
02

nz

02
02
02
22

N2

Nz
02
Q2

02 .

02
02
02
02
02

02

02
02

1. 127076E-02

FLOW RATE
(MSCF/D)

0.250206F-03
n.378309€~03
N.512612F-03
Y b&TEROF-03
N TB3096FE=03

N.136925E-

9 16TTOLELQ2

0.1534/13F-01
V.210126E-01

0.2 TB00E-01

N .2874%7RE-01
) .398T%4E-01
0.547561F-01
N.76T1116-01
1.1012102F 60

.133847F'0ﬁ*

);174a605 00
n.220273F oo
1.2737107E

N 24 9866F %
N.431297F

0.551270¢ 0

1.7149395f00
N.104933F 01
). 104933F 01

FLUID

'

400 PSIG
CASE-1
NITRNGFEN
§$S-2-4A
2 .-

o nonn

VISCOSITY
.leey

0.177048F-01
0.177050F-01

0,177022F~01

0.177024F-01

0.177032F-01
0.177037F-01
0+177043F-01

“0.176996E-01

W 17T7004F-01

A.1770216-01
T 0.177042F-01
0.177016F-01

0.177047¢-01
0.1770886F-01
0.176595€-01
0.L768T9F-01
0.1769056-0)
0.176971F-01
0.177184E-01
0.177272E-01
0.177372F-01

~0.177482E-01

0.177606E-01
0.177788£-01
- 0.177925F-01

0.17R101E-01.

65T/%278F -01
T8523F ~05

- 0.178833FE-01

0.179408F-01

0.179406F-01

«177027F-01 .

236

B MH\T 7
CP DFG R)

0.9448a2E 01
0.944893F 01
0.944515F 01
N.944527F 01
0.944538F 01
0.944561E 01
0.944584E 01
0.944607F 01
0.943971F 01

0.944006E 01,

0.944076€ 0)
0.944169F 01
0.943629F 01
0.94376TF 01
‘0.9439473F 01

0.937501E 01

0.941010F 01
0.940890F 01
0.941172F 01
0.943192E 01

0.943574E .01

0.944009E 01
0.944490F 01
0.945029E 01
0.946284F 01

0.946883E 01.

0. 947656F 01

“0. 948%437F 01

0.949519E 01
0.950896E 01
0.953467F 01
Qe953457F 0]

&

14

TR FR T 1 PN

ey
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TABLE D-77

NUMERICAL PARAMETER ESTIMATION TECHNIQUE

4 o
&5 ‘THE GAUSS~NEWTNN METHOD
I.E. A'NON-LINFAR LFAST SQUARES ALGORITHM

LINEAR SOUARES ESTIMATES

ITER : K B ’ FB

NO (D) (PSIA) (1/FT)
JIN. GUESS  0.2304E 01 0.6521F 01  0.7320F 10
.1 © 0.2008E 01 0.70085 01 0.7852E 10
2 0.2033E° 01 0.7029F OK__ 0.7849F 10
3 0.2033E 01  0.7029E 01 ~ 0.7849F 10
4 0.2033E 01 ,0D.7029€ Ol  0.7849F 10

: , o : _ .
‘FRACT]ONAL POROSITY = 0.6645E-01. ‘ K\

OF BRROR SOUARES = 0.2431E 01

ANCE : = 0.8383E-01
= 0,2895E 00

JARD DEVIATION

VART ANCE-COVARTIANCE MATRIX \“‘\\q

0.39496E-04  -0.12344E-02  0.68948BE 06 |
| - ' ' : I
-0.12344E-02  0.46503E-01  -0.19166E 08
0.68948F 06  -0.19166E 08  0.14327E 17

CORRELATION MAJRIX "
1.00000 - .91086 0.91655

~0.91086 - 1.00000  F0.74253

0.91655 ~.'. =0.74253 = .1.00000

o>

s Hea el MR e hn s e sf o e e




0BS. FUNCTINN

0.14634F
0.15125E
0.15616F
0.16107F
0.16598F
0.17581F
0.18563E
0.19545E
0.21n19E
0.22492F
0.25488E
" 0.,29418E
0.3%4329F
0.40174E
0 4T651EF
0.55751E
0.55635E
0.65651E
0.77651F
0.91651F
0.10765E
0.12575€
0.14565¢
0.16765E
0.18975E
0.21345E
0.24355E
0.27335E
0.31375E
0.36365F
0 .45265F
0.45265E

02

02

0?2
0?2
02
n?2
0?2
02
0?2
02
0?2
02

02
02
02
N2
02
N2
02

02
03
03
03
03
03
03
03
03
03
03
0.3
n3

CALC. FUNCTION

'y

TABLE

0.14652F
0.15140E

. 0.15645E

0.16139E
0.16621F
0.17624F
0.18623E
0.19611F
0.210 69E

0.22514F
" 0.25526E

0.29473F
0.34219F
0.4)113F

“Q..47797E

D«55688LC
0.55491E

0.6544TF

0.774368
0.91357E
0.10743E
0.12590E

" 0 .14594F

0.16811FE

- 0.19016E

0.21362E
0.24378E
0.27346E
0.31322E

" Dp-78

02
02
02
02
02
02
02
02
02
02
02
0?2
02

02

02
02

02

02
02
02
03
03
03
03
03
03
03-

03

037

0.36261E0D3

0.45298F
0.45293E

03

03

ERROR

1

~0,12246¢

00

~0.99672E-01

-0,18628E

00

-0.19945E 00
-0.,13421E 00

-0.32382F

~0.24622C 00

00

-0.,33740E 00

-0.23910¢k

00

. -0.96331F-01

~0.14909¢E

00

-0.18T75E 00

0.32171F

0.15243F 00

a0

© 7 10.30641E 00

/

0.11323E 00

0.,25964F

0.31121F 00
0.27706EF 00
. 0.32123F.00

00

(PERCENT)

</

0.19909F 00
~0.12511E 00

°=0.20250F 0O

-0.27790E 00
00 .
~0.,81651E-01
~0.93914E-01
-0,40191E£-01

-0.21752E

0.16753F

00

0.28379E 00
-0,73460F-01
-0.,63320E-01

238



PLEXT) -
(PSTA)

02
02
02
2
a2
n2
02
n2
02
52
02
N2
02

0.146824F
0.151736E
0.156551E
0.161102E
0.165891F
0.175714E
0.185537E
0.200272E
0.214910E
0.234556¢C
0.254207E
0.283672E
0.313142E
0.352434E
0.401550E 02
0.456324E N2
0.537228E 02
0, 63622RE 22
0.755802E 02
0.895802F 02
0.105580E 03
0.123780E 13
0.143580F 03
0.163680F N3
0.193580E 03
0J22378D0E 23
0.263480E 03
0.313264E 03
0.353380E 03
0.413480E 23

nz:

TABLE D-79

INPUT AND PROCESSED DATA

NET CONFINEMENT PRESSURE

TEST-METHOD USED

GAS USED AS FLOWING .FLUID
SAMPLE NUMBER -
RUN  NUMBER
P{WELL) . FLOW RATE
(PSIA) (MSCF/D)
0.137019E 02 0.244335E-03
0.137019E 02 0.373326F-03
0.136922F 02 0.501399€-03
0.136439F 02 0.638027E-03
0.13643GE 02 0.764752E-03
0.136448E 02 N.104292E-02

0.136457E
0.136475E
0.136484E
0.136406E
0.136424E
0.136451E
0.136487E

0.136541FE

0.136613F
0.136740F
0.138214F
0.138575F
0.138511°FE
0.139396E
0.140 750F
0.142RB1F
0.146203¢F
0.150783F

“0.160974¢E

0.17.5586F
0.200 635F
0.241738E

.0.283887¢

0.356333E

02
02

02.

o2
02
02
02
02
02
02
02
02
02
02
02

02

02
02
02
02
02
02
02
02

0.132872€6-02
0.178820E-02
0.226101E-02

. ).26G2939E~02

0.364483E-02
N .48)185E-02
0.604860E-02

2.784776E-02 -

0.103602E-01
0.1351356-01
0.185742F~01
0.258089E-01
0.3646T1E-01
N .504522E-01
0.690410€-01
7.936737E~01
0.124395F 00
D .159683F 00
0.219172€ 00
n.288017E 00
“0.390983EF 00
n.53)582E 00
"0.657481E 00
0.866394FE 00

600 PSIG
CASE-1
NJTROGEN
$5-2-A

3

nm o o u n

VISCOSITY
(CP)

0.176515E-01
0.176518F~01
0.176633F-01
0.176354E~01
0.176357€-01

0.176420F~01

0.176393E-01
0.176401F-01
0.176409F~01
0.1754197F-01
0.176430E-01
0.176421E-01
0.176437F-01
0.176458FE-0]

C0.176485F-01

0.176515€-01
0.177008E-01
0.177087£-01
0.176312E~01
0.176388F~01
0.176590F-01
0.176690E-01
0.176882F-01
0.176995€-01
0.177164F-01
0.177421E-01
0.177654E-01
0.178604E-01
0.178290E-01
0.178670F-01

o

“0.941134E

239

!

HU*T*Z
{CP*DEG R

01
01
01
01
01
01
01
01
01
0i
01
01
01
01
01
01
01
01
01
01
01
01

0.938309¢F
0.938320F
0.939717F
0.936271F
0.936281F
0.937020E
0.936638E
0.936672F
0.9367T06F
0.936751F
0.936797E
0.93h554E
0.936622F
0.936713F
0.936826€
0.936954E
0 .9‘»‘2684E
0.943230¢€
0.933124F
0.933447¢
0.9355227E
0.935653F
0.937142E 01
0.937623E 01
0.938351F. 01
0.940126E 0]
01
01
01
01

0.950595E
0.944632F
0.946302¢



TABLE D-80

NUMERICAL PARAMETER ESTIMATION TECHNIQUE

© THE GAUSS—NEWTON METHOD

1.E. A NDN=LINEAR LEAST SQUARES ALGORITHM

CLINEAR SOUARES ESTIMATES

ITER . K B

01 .

" ND (MD) (PSIA)
IN. GUESS = 0.2002E 01 0.7833E
1 ’ 0.1942E 01 -. 0.6922F 01
2 0.1944E 01  0.6896F 01
3 0.1944E 01  0.6896F 01
4 - 0.1944E 01  0.6896E 01
FRACTIONAL POROSITY = 0.6538E-01 -
SUM DF ERROR SOUARES = 0.3043F 01
VARTANCE ="0.1127E 00
STANDARD DEVIATION = 0.3357E 0O

a

VARIANCE-COVARIANCE MATRIX

FBR
(1/FT)
0.7037F

0.8215F
N.8239E

0.8239F

0.8239¢E

0.70623E-04  -0'.20939€-02  0.17433F 07

~0.20939E-02

0.74264E-01 ~ =0.46195E 08

0.17433F 07  -0.,46195E 08 0.50922E 17

CORRELATION MATRIX

1.00000 - .91430"

~0.91430 - 1.00000 -0.751'19

0.91930 ) .75119 1.00000

0.91930

10

10
10
10

10

240
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0BS. FUNCTION

0.14582E
0.15173F
0.15655F
0.16110E
0.16589F
0.17571E
0.18553E
-0:20027E
0.21491F
0.23455E
0.25420E
0.28367E
0.31314E
0.35243F
0 .40 155
0.45632E
. 0.53722E
0.63622E
0.75580F
0.89580F
0 .10558E,
‘0.12378E
0.14358E
0.16368F
0.19358E
0.22378E
0.26348E
0.31326E
0.35338E
0.41348E

n?2
0?2
02
N2

02

N2
02

02 -

0.2
02
02
02
02
0?2
02
02

02

n?

02

32

03"

N3
03
03
03
03
03
03
03
N3

TABLFE

CALC. FUNCTION

0.1%¥1€
ND.15244E
0.15740F

0.16213E

0.16681F
0.17697F
0.186R8E
0.20220E
0 .21699F

- 0.23656E

L 0.25632EF
0.28591F
0.31526E
0.3540 1F
0.40294E
0.45813E
0.53R24E
0.63550F
0.75423E
0.892)8E
0.10511EF
0.12331E
0.14322E
0.16341E
0.19335E
0.22398E
0 c26434E

'0.31408EF

0.352R8E

0.41320E

D-81

02
02
02
02

02

02
02
02
02
02
02
02
02
02
02

02 -

02

02 .

02

pl
[

03
03
03
03
03

03 .

03
03
03

03

ERROR (PERCENT)

-0.26545F 00
~0.46527E 00
~0.54423F 00
~0.64356F 00
~0.55963F 00
=0.71945E 00
-0.72805F 00
~0.96373F 00 -
-0.97070F 00

. ~0.85744E 00

~0.83512F 00
+=0,79223E 00

© ~0.67913F 00

~0.44T50E 00
' -0.34801F 00
=0.39631E 00

© -0.18850F 00

0.11413F 00
0.20794FE 00
0.41543E CD
0.43858F 00
0.37566E 00
0.24757F 00

. 0,16351E 00
0.11415E 00

-0.89747E-01

-0.32933F 00

~0.,26069E 00

~0.13955F 00
0.6748RE-01
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TABLE D-82

FLOW RATE PREDICTIONS

[\

‘USING THE ESTIMATED PARAMETER§ KyByAND FB

WHERE K= 0,1913E 01 MDS
B= 0.7678E 01 PSIA
FB= 0.7179¢ 10 1/FT

Q0 (0NBS.)

0.244335E-03

0.373326F-03 -

0.501399E-03

0.63B027E-03
" 0.764752E-13

0.104292E-02
0.132872E-22
0.178820E-02

«226101E-N2
0.292939€E-02
0.364483E-02

0.480185F=0)2 -
0.604860E=N2
0.7847TT6E-02

0.103602E-91
0.135135E-01

£0-185742E-01
%) «258089E-11 .

36467T1E-D1

0.69N410E-N1
0.936737E-01
0.124395¢ 00
0.159683E 00
0.219172€ 00
0.288017F 00
027390983E 0N
0.530582E 00
0.657481E 09

0.866394F 00
0.143649E' 01

§£045225401’

QO(PRED.) -

0.242312€E-03
0.367606E-03
0.494850E-03
0.630215E-03

0,760405E-03. .

0.103512E-02
0.132174E-02
0.177200E-02
0.224298E-02

0.291513E-02 .

0,362932E~02
0.478290E~-02
0.603289E-02
0.785110E-02
0.103666E-01
0.134896E-01

0.185737E-01.

0.258981E-01

0.365940E-01
0.507451E-01

0.693966E-01
0.939793E-01
0.124458E 00
0.159503€ .00

0.218792E 00

0.286650E 00
0.3B7979E- 00

~0.528246E 00

0.660595E 00
0.87203BE 00
0.143360E 01

PERCENT ERROR

0.827905E 00

0.153198E 01-

0.130599F 01

0.122437E 01

0.568367E 00
0.747481E 00
0.524794E 00
0.905438E 00
0.797140E 00
0.486502E 00
0.425311E 00
0.394515€E 00
0.259722€ 00
~0.,425326E-01
-0,624585€-01
0.176361E 00
0.238669E-02
~0.345697E 00
-0.,348000E 00

-0.580603F 00 .
~0.515123E- 00
~0.326231E 00
-0.507785E-01

0.112559E 00
0.173261E 00
0.474387E 00
0.768323E 00
0.440253E 00
~0.473659E 00
~0.651486E 00
0.201109E 00
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N

PLEXT)
" {PSIA)

0.150 386E
0.159473F
. 0.169296F
0% 174698E
0.189288E
0.208935E
0.233984F
0.262962E
0.302500E
. 0.351371F
"0.400732F
0.475261F
. 0.575261E
C0.,6946064C
0 .835164F

-+ 0.,995164E

0.117497E
0.147497E
0.17349TE
0.203454E
0.243204E
0.283204E
0.333504E
0.333404E
0.393204E
0.462504E

02
N2
02

ne2-

02
N2
n2

.’)24

02
12
02
92
02
n2
02
2
03
73
03
03
03
N3
03
03
03
N3

0.135324E 02
0.135342€ .02

"0.135495E

TABLE D-83

INPUT AND PROCESSED DATA

NET CONFINEMFNT PRESSURE

" TEST-METHOD VISED:

GAS USED AS FLOWING FLUID
NUMRFR

SAMPLE,

RUN NUMBER -

PIWELL) -
(PSIAY

0.135460F
0.135460F
0.135460F
0.135460F

02
02
N2
02
02

0.135369F 02
0.135387€ 02
0.135423F

0.135568F 02
0.135730F 02
0.135983F 02
0.137403F 02
0.138125F
0.139281F
0.140893E 02
D.145531€ 02
0.151916F 02
0.162799€ 02
0.1836T3F-02
0.211669F 02
0.25670RE
0.256364F
0.322425F
0.413548E

02

02
02
62

02
02

07

N2

0.768316F

FLOW RATE
(MSCF/D)

0.363296F-03
n.598334E-03
0 .R60259E-03
N .100667F~N2
0.142446E-02
0.202422E-02
0.284656E-02
n.388719F=02
0.544361E-02
N.755520E-02
0 .997334E-02
9.141198F-01

0.2070616-01
1.296823E-01
0.424384F-01

7.592949E-01

0.821585E£-01"

7.127187€ 00
0.173139F 00
n'+?233655E 00
0.327018F 00
0.434493F 00
0 .581147F 00
N.570846F 00
00
n.102592E 01

800 PSIG
CASE-1
NITROGEN
§S-2~A"
e .

wouononon -

VISCOSITY
(CP)

0.177132E-01
0.177136F-01
0.177142F-01
0.177145F~01
0.177153F-01
0.177163E-01

0.177177E-01

0.177193£-01

0.177214F-01

0.177241E-01
0.,177267F-01
0.177283F-01
0.177337E-01

0.177542E-01

0.177618F-01
0.177706€-01

0.177382E-01.

0.177548E-01
0.177694F-01
0.178035E-01

‘0.178265€-01

0.178502F-01
0.178890E-01
0.178889E-01
0.179262E-01
0.179708E-01

243

MUET 7
(CP=*DEG - R)

0.945903F 01
0.945924F 01
0.945947E 01
0.945960F 01
0.945994F 01
0.946040F 01
0.946099F 01
0,946167E 01
0.946260F 01
0.946376E 01
0:946493F 01
0.946357F 01
0.946594F 01 -
0.94R8598E 01
0.,948934F 0}
0.949318E 01
0.944509F 01
0.945234F D1}
0.9458T71F 01
0.948739F 01
0.949756E 01
0.950805F 0]
0.953192F 01
0.953188E 01
0.954861E 01
0.956873F .01



TABLE D-84

NUMERICAL PARAMETER ESTIMATION TECHNIOUF

ITER
NO

IN. GUESS
1 :

2
3
4

SUM OF ERROR SOUARES

VARTANCE
STANDARD DEVIATINM

0.24787E-03  ~0.82328E-02
-0 .82328E-02

0.56105E 07

1.00000
-0.90397.

0.91814

THE GAUSS-NFWTON METHOD
1.F. A NON-LINEAR LEAST SQUARES ALGORITHM

~ LINEAR SOUARES® ESTIMATES

. K
fMn)

0.2002E 01~

0.1891F 01
0.1895F 01

- 0.1895¢ 01

0.1895E 01

'FRACTIONAL POROSITY =

fwoun

N.33462E 0Q

-0.16372€ 09

CORRELATION MATRIX

B
(PSTA)

0.7833E
0.7007E
0.6972E
0.6972E
0.6972E

0.6469E-01

01

01

01 -

01
01

0.1217€ 02

0.5292F 00

0.7274E 00 -

VARTANCE-COVARIANCE MATRIX

FB
(1/FT)

0.7037F

0.8250F

0.,8284F

0.8284F
0.8284F

0.56105E 07
~0.16372E.09

0.15064E 18.

-0.90397 0.91814 )
- 1.00000 -0.72923
~3.72923" 1.00000

' ' o

10°
10

10

10 |
10

204
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Cr

>
}

0.15038¢
0.15947F
0.16929E
0.17469E
0.18928E
0.20893F
0.23398E
0.26296F
0.30250E
0.35137E
0.40073E

"0 .4T526E

0.57526F

0 «69466F

0.83516F
0.99516E
0.11749E

0,.,14749F
" 0.17349E

0.,23345C
0.24320E

0.28320F

0.33350¢E
0.33340E
0.39320E

0.46250E

OBS. FUNCTION

02
02

02

02
07?2
0?2

0z
a2 .
02"

n?2

02

N2
02
n2

02

N2
03

03~
03

03

03.

N3
03
03

03 -

03

TABLF

0.1599E
N.16750E
0.17059E
0.17601E
0.19081¢

0.21N87E

IS

0.23620E
0.26551FE
0.30503E
0.35262F
0.40142F
0.475) 6F
0.57543F
0.69216F
0.B324]1F
0.99036F

0.11710E
0.14732E

0.17340FE
0.2)362C
0.24394F
0.28476F

04.33465E
0.33130E

0.39179E
0.46325E

D-85

~ CALC. FUNCTIDN

.7

L
02
02
02

02
02

02
02
02
02
02
02
02
02
02

02 -

02
03
03
03
03
03
03
03
03
03
03

&

ERROR (PERCENT)

~0.40723F 00
~0.64473F 00
-0.76606F 00
~0.75506F 00
-0.80389E- 00
-0.92985E 00
-0.94T6TE 0@y
-0.97121F 00 -
-0.83827F 00
-0.35692F 00
-0.17332F 00
0.40806E-01

-0.30198E-01

0.35964E 00
0.32979F 00
" 0.48217F 00
0.33413F 00
0.11642F 00
0.53402E-01
~0.83158E-01
-0.30562F 00
~0.55247F 00
-0.34402F 00
0.63049F 00
- 0.35748E 00
-0.16206F 00

ko)

v
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TABLE-

N-86

\\\\

246

A SEMI-GRAPHICAL MFTHOD NF PARAMETER ESTIMATION
LINEAR LEAST SQUARES FIT.TECHNIQUE

].F.
NV CB(NV)
.4 0,8116F
5 0.R913F
6 0.R613E
T 0.8440F
8 0.8264F
9 (0 .8243E
10 0.84R9F

11 0.R609E
12 0.PB6TE
13 0.R598F
14 0.8619E
15 0.8600E
16 0.8A10E
17 0.8600E
18 0.8591E
19 . 0.8611F

20 0.8653E

21 -0.8728E
22 (0.8830E
23 0.907E

‘DATA DISCRIMINATION FFTHWDS

METHOD 1. FINDING

\ 1. F. THE MAXIMUM
NV= 19
NI= 8

METHOD 2.

.I.F.

METHOD 3.

A STMULTANENUS

KV (NV)

01 0.1R54F
01 0.1791F
01 0.1R814F
D1 0.1827F
01 0.1841F
01 0.J1R42EF
01 - 0.1824F
N1 0.1815F
01 0.1811F
N1 0.18164F
01 0.1814F
D1 0.1816F
‘01 0.1815F
01 0.1RL1AF
01 0,]1816F
N1 0.1815F
01 0.1812F
N1 0.1807F
017 0.1800F
N1 0.1789F

N1

1.

01
N1
01
71
01

01

01

1

01
n1
01
01
01
N1
01
1
01
01

KT(NI)

0.1850E 01

0.1816E 01

0.1830E 01

0.1837F 01
0.1R44F 01
0.1845E 01
0.1828E 01
0.1837E 01
0.1838E 01
@.1843E 01
0,1846F 01

0.1850F 01

0.1854F 01
0.1859E 01

0.1862E 01

0.1863E 01
0.1862E 01

0.1854F 0OV

0.1831F 01
0.1803€ 01

THE REST FIT FNR THF
CORRFLATION
R(NV)= 0.999
R(NT)= 0.988

FB(NT)

0.6927E
0.6051E

0.6415E .

0.6614E
0.6784E

.0.6805E

0.6669F
0.6666E
0.6733F
0.6845F
0.6957E
0.7077F
0.7225E
0.7364E
0.7438F
0.7487F
0.T465EF
0.7263E

0.6720E

0.6134F

10
10

10.

10
10
10
10

10
10

10

10

10
10
10
10
10
10

10
10

10

KI.INK ENBERG
COEFFICIENT

(MAXIMUM)'//

MATCHING THE VAIUFS NF K FROM THE KLINKENBERG

AND MODIFIEN VISCN-INERTIAL PLOTS

NV =,
NI=

N Ve
NI =

18

16
11

v

ERRK(NV)=-0,1465F 00 (MIN.

THF REYNOLDS MWMRFR CRITERION,I.E.
IN VISCOUS-RFGINN IF NRE IS LESS THAN 0.01

NRE(NV)= O.QBQLE-OZ

PERCENT)

NRF (NV)
0.213RF-03

0,2597F-03
0.3834F-03

0.5438F-03
0.74506-03
0.10196-02

0.1346E-02

0'017 OE_O?_
0.23986-07
0.3463E-02

0.4898E-02 -

0.6945F-02
0.9691F=07
0.1346F-01

0.2057F-01
0.2778F-01 -

0% 36B4F=0)

0.,4942E-01

0.5999F-01

0.7214F-01

PLOT

THE MINIMUM RELATIVE FQRUR BETWEEN KV -AND KI
9

THE POINTS. ARFE



