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ABSTWCT the form o/a stafisticai& s i g ~ f l r m t  model that 
enablesprediction of$ltrution pmpcrties ut both 

Delermining the /illration pmperties of a mad LTLP and HTHP conditions. Tiris method 

syslern requires that experimrnls be run for both minimizes t b  inhemnt risks uma:!;, wocioted 

the standurdAP1 and the high Temperature High with operalingjlterpresses at e levcicdp~s~ums 

Pressure (HTHP) tesfs at inlervals throrrghoul h e  and temperatures. In addition, If zves  timr and 

duration of drillifig an oil welL However, cost cosl by minimizing the number uie ~ ~ p i r n e n r a l  

and hazard con;iderations cause more emphasis runs always nquired lo ase:s mud q'rilhr-;; ~atd 
to be placed on the sfandad APl test at amblent maximizes the inlormaiicn obair~er'; , m n  .'helm 

;conditions, without taking into accoun'l the experimental runs. 

eflecfs of  elevated downhole pressures and 
' This ersperimeti:il! design techn:ct.r cun also he 

temperatures on jiltration properties. applied to the qualify assessmrcs and ca~frol cj* 

.h this work, the laclorial design concept was ofher drilling fluid ptvperties. 
applied to the $Itration pmper!ies of drilling 
n; ,.. .. Diflmnt samples of water based bentonilrc INTR03UCTXON 
muds wem ~sed/or  rhe experimenfa!runs at both 
Low Temperarun? - Low Pressure (LTW and High Fluid losses from drilling muds add muse sL!e 
Tempurar:~ -High Pressure (HTHP) conditions. sloughing and flushing of formrricns. The 
The input variables considered were temperatu-e, filtration properties of a mud-fluid loss and cake 
pressure, solids content, mud weight and lime; thickness - are therefore regarded as r i a j o ~ f ~ ~ s  
wh~le the response variables werefluid loss and in assessing the p e r f o w  ofa drilling fluid er ci 
cake thickness. The final results ampresenfed in are continually rnunitored and controlled durmg 

Tables and Fiprcs at end of -..-". :r. 
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ikilling. Thke are pfantly no wsfactory means 
ofmeaswing dy~l~.mi~!fUa~o,(Be:fiaM;,bance~ 
measurements are thus mnfincd.~.~ s&tic,fIItra!iorr 
using the Standard API test, 
Ip the past, the simple, .@I low pressure and 
.ambient temperature. test was mrtly undertaken. 
However, with dceper, drilling, the h ~ g h  
temperature, high presswe.(HTHP) testa havCa)so 
molved. This requircs re&* mesurerncnlsstb 
elmrated temperatures and pressures. Rue t o l ~ l ~ e  
iusociated risks land costs, Ihc HTHP tests aro 
rarely donc, w h i l ~  ;lJ~c;:, fidl~8dy.r unjyle 
measurements a1 L q P  m q  .rlsph.qurats EQr 
tbc clcvirtcd condidota. 
By using factorial design, filtration losses can be 
analyzed f~jmaximum information fwntiL%P 
and HTHP..rneasurements by varyqg fl #a1 
parameten ~mdtane0us1~ with few expednta l  
runs and tbi~geby reduce inherent risks, &Sk?aSid 
h e .  The impact as well as the interactiqq.of 
Mlrious parameters can also be asses@? , r i  ,>, 
Tha dwelc$shnt of the principle of &f&imeN3l 
design dates back to the 19201s(l), and has:sine 
proved \&%We wid; &6fiFdfibtio&: in- 
agricultlfral ' e r i ~ i n k e r ~ ~ ~ : ' ~ J ~ & l ~ t j ; r l i o n t & f ~ ~ f  
manufactur&! products and wen in reservoir 
engineering. Box and Draped21 have presepted a 
dtrailcd dircflrsion of t l i ~  pjgyi 4 s  *nsJ$h~if 
applications to a wide rings 'o! prbblems" h 
f==nt,fi!w qsi$%dg4~,as.~l* 
Ojo and UioW =e q$e$ & Q & ~ , ~ ~ ,  
techniqueses ~ ~ ~ i ~ ~ p P ~ d ~ e ~ ; r C , ~ ~ C P R ~ d ~ 9 ~  
~ ~ t ; i r e t i ~ ~ ~ ~  tdi&. &k legp qd+iiV; 
Sawyer a( ?l;(f) ha&=~$Ii~&fir@3k,dk~i& 
c ~ s s p t s ? o  the simuldibri ofili~.wet'dombiis$d* 

C0.)6?~111. - drive p~bi.esl. Tfi;%S) dernonstratep .. ..I:, ih'6 3;: 

applicatidn in the dt?sl&f &d analjisis oy'steam- 
flooZLing of heavy oil reservoirs. Ovrebetg er a!; (7) 
applied the concepts to.* .enq$s pfbe;eolwic@ 

r t a i i h .  Damsleth et b.e 
of experimental design 

in ~Q$QPW~:*.&@~ $an4:w. 
In tbis paper, @qgrinciple oferrpelrimmtal  design^ 
hag been,ap~liqg , ;~q:  qi~ wrtlhta11$2;&d& thi? 
m.aluation of -t,heptopertj~;o#~Bddsr-The 
o b j d v e  of the w r k m ~ s & b : a b l e t o , & I e ~ ~ !  
fibation lev! b i g b ~ a m & ~ e s ;  
without s i g e  hawds dost% 

=o=nwPwEWw 

For any @lliw ,#pid,ea prQpem, &cam& trmted 

as aiespbnse miable that depends on a number 
:of input paqunetds @ MathemaWl$Jithis pti 
?be e . \ p r e s d ~  assuhhg a hnaiond retatiomhigv 
behveen the response and the input variables: 

,y=f(Pl. P2, P3. ...) 
Using a simple~iransformation: 

Where. 
:xi = Codcd or standardized vilriablcs. 
'Pi = current vPue ofvariable. 
Po Ccntrc of region of interest. 
s = spread of Lhc variable = Pf-POI 

Equation(1) can be re-writwai: 

Where Y = mean value of the response vaiiabk; 

funchiental sstunption in rssponse'&ifade -" 
gnalysis and $R kqxrimental. design is that%e 
t$lationship&m&ai' the response su&& anYEthe 
&put va&!'Ps Ciyrr:' be approximatdb b!y a 
plynomid eapis&n, whose ~ c i e n d  'ah be 

+mated b$ iinderteking-&series oP2qe~ments. 
The c h o i & & ~ l y n o ~ ~ $  depend-& the'dksired 

-+sign Itid; as svll a$ whethi or not-the atidel 
could cajxit're~'dxU$.ihe - main ef%e&:''hiclu'de 
iptexactio-gff tfie vaMIes, iiwafure terms, 

,gr mare oo&lex ~ n s i r l o s .  .T~U.S; for athee~level 
design, a &neraked ~pproximat~gp61ynomiaf' 
ips been c@ikbcd as! 

bi CoeBti$~~f~,bae@mentall~ 
estimated, 

In estimating the unknown coefficients in 
,equationl4), a N or connplzte ftrcFcbtde&n is 
.obtained when all possible combinations of the 
factors at all lqx!~ involved in @e expenmen& are! 
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AN.UYSIS OF MUD FILTRATION PROPERTIES USING P A ~ O H W L  DESIGN 

pi Uncoded..zyrent input variables. 
po . &6g='of regon' f6rV& input 

variable. DISCUSSION 
Equation (12) confirms zd--.bop o b p W i ~ 0 s  
about the si@cant effg-rs'6f tembrabdi d& 
and presspl'e on filtrate- VolbintY: Ftoni the 
coefficients of the model obtained; it can be 
deduced that the effects of temperature and time 
on mud filtrates are more r b i  that of p n s d .  

I 
One obvious advantage of an expression su$h as 
equation (12) is that h o ~ b g  experimental v ~ u e s  
of mud properties at ambient conditions, th& at 
high temperatures and pressures can be wfixr&d. 
this reduces the number of HlWP experinlents 
requircd in the fic14 and reduces Lhe associated 
risks and costs. 

The principles of experirxental design have $een 
applied to the prediction of tiltrate losses 
drilling fluids. This allows the incorporation 

.Pre?sVqy. I?$. 
{duknkr of"frdi,@&fificates 
-Range of values of the input- 
v ~ b l e s .  
Solids content. 
Coded or t r d o r m e d  input 
variables. 
Time, minutes. 
Temperature, bE . 

Response variable. 
Mean response variable. 

Box, G.E.P., Hunter, W. G;, and 
Hunter, J.S.; "Statistics For 
Experimenters", John W w  and 
Sons, New York (1978). 

effects of high ternpratms and 
q l e  reducing the number of experiments req~ped. 2. Box,,G.E.P., and praper, N.R; me 

Thus.risks associated with HTHP measuren nts t 
Scieniijc Cokt2!xt of Quality ' 

areminimized. The empirical model derived a1 ows Improvement", John Wdey and 

fot faster land cheaper predictions. Sons. New York, (1 986). 

API American Petrolaun institute. 
bi Unknown ooeffidcnts in the 

polynomial e q d e  
c error t e ~  $bP4 R@yn9* 

equation.' 
k Numbnet of ~ c t i m .  
M Mudweight 
n dumber of$- lave&.- 
N Total nwlkr of possible 

cornbimtioas. 

BOX, G.E.P., ~ i s ~ a a r i ,  S.; T h e  
Scientific Context of Quality 
Improvementn, Journal of Quality 
Progress, (June 1987), 54-9 1. ' 

Ojo, 0. and Udo, G.; "Product 
Wdopmept apd Improvep~ent: tA 
Multiaikrhl Statistical 
;Appi%ikh:n Paper presented a& . + Nigerian-Americans chamber 
d Commer~o semi& on,Probuct- 
.Quality Improvement, Lagos;;~ 
(May 1993). 
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TABLE -2 m U V , O F I . w E T  IWPER.IMXNX%K RUHS 

Solids 
mmt(%) - * - - '4 + + *' f 
P r a -  

w - *  d 4 -  i + 
Mudweigh$ 
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W m  VERSUS RDI CTEO FLU10 C05S 
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