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Abstract

Recent trend in the use of biomaterials in oilfield applications involves minimum refining and
purification. The effectiveness of Parkia biglobosa as fluid loss control additive in aqueous based mud
was tested according to API standard. The effect of temperature on the formulation was determined
to identify any deviation due to presence of the material in the formulation. At 8ppb concentration
used, 3.6mL fluid loss and 1.1mm filter cake thickness were recorded; compared with 8mL and 0.8mm,
and 5.4mL and 0.8mm of Pleurotus and PAC respectively. Both fluid loss and filter cake thickness
increased with increase in temperature. A low-flat discontinuous gel was observed at elevated
temperatures which is desirable. Other drilling fluid rheological parameters were not adversely altered
by the presence of the material, even at elevated temperature conditions. The biodegradable material
was found to be suitable as fluid loss agent, both in effectiveness and environmental consideration
since it is biodegradable, and might reduce cost of formulation since minimum processing is required.
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1. Introduction

One of the most important functions of the mud is to wall the hole with an impermeable
cake [11, This prevents formation damage and provides borehole stability. Filter cake formation
is directly related to fluid loss property of the mud, and represents fluid interaction with borehole
wall under prevalent temperature and pressure conditions [2], It is usually determined under
static or dynamic conditions of fluid flow [3], and API fluid loss tests [4] are static tests and are
commonly used. The soft surface layers of the static cake are not found in dynamic cake since
its surface is eroded due to shear stress from the hydrodynamic force of mud stream.

A lot of materials have been published on fluid loss control both in water and oil based mud
formulations, and the use of natural polymers for oilfield operations can be traced back to the
1930s. Recent trend in the use of green materials involves minimization of refining and puri-
fication processes, contrary to extraction, fractionation and other chemical and physical treat-
ments previously used [51,

The fundamental theory of static filtration has been presented [31. For a unit volume of
stable solids suspension through a substrate; x = volume of filtrate, then 1-x volumes of cake
is deposited on the substrate, Qc=volume of cake, Qw=volume of filtrate, and h=cake thick-
ness;

Q. _ 1—x
o x W
1_
h==—"Qu (2)
' . da _ kP
From Darcy’s law; i (3)

where k=permeability (darcies); P=differential pressure (atm.); u=-viscosity of filtrate (cP);
g=filtrate volume (cm3); A=area of filtrate; t=time (sec.); and go=spurt loss or zero error.
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Substituting and integrating;
2 _2kP_ x

w= "t (4)
2 _ 2kP Ow
W u th t (5)
2kPAZ  Q,
o= ot (6)
For a given pressure [61;
Qw — qo = AJ(CY) (7)
where: C =2, Qw (8)
13 Qc

Equation (6) is the fundamental equation that governs fluid loss under static conditions.
The filter cake permeability can be determined from Equation (6);
k= QuwQcspm (9)

With standard API laboratory fluid loss tests and using pressure (100psig), time (30min)
and filter cake area of 7-in?;

k = Q,,Q.1*1.99x*107° md (10)
In the wellsite, the filter cake is measured manually and Eq. (6) takes the form;
k= Qwhi (11)
2tPA
and, with h given in millimeters;
k = Q,,hp*8.95%1073 md (12)

Nonetheless, the mechanism of fluid loss control by the use of say bentonite, which lay
platelets like packs of cards on the wellbore wall to control fluid loss, is different from that of
biomaterials such as polymers that bridge on the flow channels due to their deformable cells [71,
Organic materials impart filter cake due to the ability of their hydrolyzed cells to deform, and
due to small size that fit into and tend to plug the pore spaces in the formation adjacent the
wellbore. However, with increase in solid concentration, fluid losses decreases and filter cake
increases [31. The impermeable layer should be flexible and thin. Ultimately, loss of the aque-
ous phase from the mud system into the formations due to positive differential pressure is
reduced. Filter cake thickness in the range of 1/32 (0.8mm) to 2/32 (1.6mm) of an inch would
be desirable, with an upper limit of 3/32" (2.4mm) not expected to be exceeded, high-pressure
high-temperature tests inclusive. Spurt loss is usually observed in all the cases. It is deter-
mined by extrapolation to time zero of the plot of fluid loss against square root of time [8],
This is because it is after the spurt loss that fluid loss becomes proportional to the square root
of time.

For dynamic filtration, an illustra-

Dy:r?i?tig;:ke ?:t::g - compos"goc,:;:‘:n:hic""ess tion of the stages is shown (Figure
f Thickness Fr—— 1). Tr_]e filtration rgte decre_ases and
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2 o is thus;
2 kq(z/f)7V+!
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O where ki=filter cake permeability at

1 psi; T =shear stress exerted by the

T, T T, 1, Y mud stream; f=coefficient of internal

Pt it friction of the cake’s surface layer;
Figurel. Relative static and dynamic filtration in the well- 5=th|ck.ness of the filter cake SUbJ_eCt
bore [31 to erosion; and (-v+1) =a function
of cake compressibility.
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Experimental evaluation of performances of fluid loss additives under varying conditions is
not new. Results of fluid loss rates in agueous system using commercial agents such as car-
boxymethyl cellulose, polyacrylate and starch under dynamic conditions have been presented,
and did not even conform to API fluid loss test rankings in terms of effectiveness [°],

i 30
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Mud weight (ppg) Mud weight (ppg)

Figure 2. Acceptable ranges of PV and YP for a given mud weight [10]

Similarly, studies on effects of temperature on mud properties, which include fluid loss, are
not new. The need to correct viscometric readings taken at surface temperatures to downhole
circulation temperatures has been identified over six decades ago. A study on the effect of
temperature on the flow properties of some water-based muds has been conducted ['1],
Though recommended ranges of plastic viscosity and yield point for aqueous based muds have
been presented (Figure 2), research has found that plastic viscosity and apparent viscosity
decrease with an increase of temperature. However, the curves were not linear, and did not
appear to follow any definite trends or patterns. Yield point data showed much more scatter-
ing. Several authors have presented their reports on the effect of temperature on mud prop-
erties [12-141, Also, the study of fluid loss properties (plastering property) on muds has been
carried out over seven decades ago [*5], Increase in fluid loss with increase in temperatures
was reported.

The effect of temperature on gel strength was also presented within the same period [16],
Temperature affected gel strength, but to a certain degree depended on the mud type. Effects
of temperature on biomaterial mud formulations with Mucuna solannie and Brachystegia eu-
rycoma have been shown to be consistent with earlier research findings [*7], Also, reproducible
properties of non-Newtonian liquids have been achieved by the use of polymers such as CMC
and Xanthan gum ['8], Generally, rheological parameters determination is in accordance with
the technique recommended and applied in previous works [19-20],

2. Parkia biglobosa

This is a perennial deciduous tree of the Faba-
ceae family found in South-Eastern part of Nige-
ria in West Africa and other African countries. The
pods are 30-40 centimeters long on average, and
can contain up to 25 seeds. The leaves are alter-
nate and bipinately compound, about 30-40 cen-
timeters long and bears up to 17 pairs of pinna.
Also, the fluorescence is on drooping peduncle,
biglobose and showy in red colour like an electric
bulb (Figure 3). The seeds are embedded in yel-
lowish pulp, with crude fibre and carbohydrate.
The proximate analysis, mineral composition,
Figure 3. Parkia biglobosa pods are pink in  physico-chemical analysis, reproductive biology,
the beginning and dark brown when fully ma-  economic potential and taxonomy have been
ture shown in detail in previous studies [21-251,
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2.1. Summary of Parkia biglobosa fruit pulp characterization

Literature reveals that it has a proxi-
mate composition of 30.0% protein, 15.0%
fat, 4.0% crude fiber, 2.0% ash and 49.0%
s carbohydrate [26]1, Also, the pulp contains
more carbohydrates than the seeds, but
less crude fiber. It has a hydrogen ion con-
25 centration (pH) of 5.22. It is the insoluble
dietary fiber from the crude fiber that is es-
sential for fluid loss control. Strong associ-
75 = ative forces in the starch granules known
to be responsible for viscosity stability have
‘ e o been reported- The adsorption moisture
Water Activity sorption isotherms at 30, 35 and 40°C have

also been presented (Figure 4) [271, Most

Fig. 4. Adsorption moisture sorption isotherms of yiq15qical products follow the sigmoid
Parkia biglobosa flour at 30, 35 and 40°C [27] curveg P g

0.0

Equilibrium moisture content (% dry basis)

50

They are known to be rich in flavonols, hence, the ability to act as anticancer factors, anti-
inflammatory agents, antioxidants, and regulate different cellular signalling pathways. Their
chemical structure and representations are shown (Figure 5; Figure 6). Similarly, the solubility
and swelling patterns of Parkia biglobosa and Zea mays starches compare favourably (Figure
7; Figure 8). The photomicrograph is shown (Figure 9).
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Figure 5. Chemical structure of flavonols [28] Figure 6. Flavonols represented by glycosides [28]
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Figure 7. Percent solubility pattern of Parkia bi- Figure 8. Percent swelling pattern of Parkia bi-
globosa and Zea mays starches [29] globosa and Zea mays starches [29]
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Figure 9. Photomicrograph of Zea mays (A) and Parkia biglobosa (B) starches [29]
2.2. PAC UL

PAC UL is a cream coloured low viscosity polymer. It is a free flowing powder with specific
gravity in the range of 1.5-1.8 and pH of 6.5-8.0. It is used as fluid loss control additive in
salt water, KClI, seawater and fresh water muds. It is environmentally acceptable and resists
bacterial attack; hence, biocides might not be necessary when used in a formulation. Its tem-
perature limit of application is 250°F.

3. Materials and method

Parkia biglobosa fruit pods were plucked from a tree in Abia State, Nigeria during the
March/April fruiting season of 2019. The fruit pods (10kg) were sorted and cleaned of extra-
neous materials and manually split. The yellow pulps and the seeds were removed from the
hulls. It was sun dried at 29 +/- 1.5°C for 4 days and pounded with a pestle in a mortar. The
pulps were separated and milled in a hammer mill (Model RLA 201 - 800014, UK) and the
powder was sieved with BS sieve 200mm (0.15mm aperture) to fine sized particles for quality
assurance. The processed flour was packed in high density polyethylene (HDPE, 0.77mm thick-
ness) bags, heat sealed with a sealing machine. A relative humidity of 75% was reported. It
was stored in a refrigerator ready for use when required in the preserved unrefined form [51,
The American Petroleum Institute recommended test procedures for oil and gas well aqueous
based drilling fluids were used. The mud formulation is presented in Table 1. Two other mud
formulations with Pleurotus and PAC UL as fluid loss control agents were used as control sam-
ples. Mucuna solannie and Brachystegia eurycoma have been used in mud formulations where
they exhibited predictable characteristics [30],

Table 1 Raw materials used for the formulation of drilling mud sample

Raw material Quantity Function(s)
Water 233.35 Base fluid
Potassium chloride 20 Inhibitor
Caustic soda 0.25 pH control
Mucuna solannie 6 Viscosifier
Brachystegia eurycoma 6 Mild Viscosifier
Parkia biglobosa 8 Fluid loss agent
XCD polymer 1 Rheology
Barite 75.4 Weighing agent

4. Results and discussion
4.1 Results

Presented are the observations in the fluid loss test performed according to American Pe-
troleum Institute (API) recommended procedures. Figure 10 and Figure 11 show variations of
fluid losses and filter cake thicknesses with additive concentration and temperature effect on
rheological properties, respectively.
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Figure 10. Fluid loss and filter cake thickness Figure 11. Effect of temperature on rheological
variation with concentration properties at 8ppb concentration

Table 2 presents the observed effects of temperature on the fluids rheological parameters,
particularly the effect on the gel strength in the presence of Parkia biglobosa. Similarly, the
type of gel and the effect of time on the fluid loss are presented in Figure 12 and Figure 13
respectively. Figure 13 highlights the effect of temperature on the spurt loss.

Table 2. Effect of temperature on other rheological parameters at 8ppb concentration

Parameter Ambient 80°F 120°F 150°F 180°F
Fluid loss (mL) 3.6 3.9 4.2 4.3
Filter cake (mm) 1.1 1.2 1.21 1.4
10sec./10min. gel strength

(Ib/100ft2) 5/6 4/5 4/4 3/4
YP (Ib/100ft2) 4 3 2 2
PV (cP) 11 10 9 7

45

g £ 50
é 5.6 E 2.5
2 = a0 kel S
3 [ apnl
- 0.083 10.000 15.000 20.000 ’ or spurt losses
Time (min.) o 5 10 15 20 25 30
Time (min.)
Figure 12. Gel strength characteristics at 80°F Figure 13. Relation of fluid loss to time
(low-flat gel)
N A summary of the comparison of the per-
formance of the Parkia biglobosa additive in
’ B e o e o the fluid loss experiment with other additives
0 ' used to prepare muds in the same quantity
. is shown as Figure 14.
: [L Figure 14. Fluid loss and filter cake values at 80°F
mud weighted with barite

Parkia biglobosa Pleurotus PAC UL APl
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4.2. Discussion

The density of the weighted mud was 9.4ppg. As the additive concentration increased, fluid
losses decreased and filter cake thickness increased (Figure 10) [3], The rheological properties
increased with decrease in temperature (Figure 11). The 10 sec. gel strengths are within the
range recommended by API standard, whereas the YP and PV values fall below the range
(Table 2). However, the YP and PV values are acceptable for the measured mud weight (Figure 1).
The yield point presented in Table 2 decreased with temperature, though the estimated values
could vary, and depends on the method of calculation applied [*°], It showed that Parkia bi-
globosa is not expected to appreciably alter the expected yield point values of the water-based
mud formulation from the green material. A low flat gel was also observed (Figure 12). Spurt
loss is also temperature dependent (Figure 13). The effect of temperature on the fluid loss is
due to the effect on filtrate viscosity. At 8ppb concentration used, 3.6ml fluid loss and 1.1mm
filter cake thickness were recorded; compared with 8ml and 0.8mm, and 5.4ml and 0.8mm of
Pleurotus and PAC respectively. Both fluid loss and filter cake thickness increased with increase
in temperature (Figure 14). The material is biodegradable and therefore environmentally
friendly, though biocide might be required to retard bacterial activity.

5. Conclusion and recommendation

The fluid loss and filter cake values are within the recommended API static test values. The
fluid loss control capacity of Parkia biglobosa might be attributed to the insoluble dietry fiber [26]
and starch contents [2°] that plugged the pore spaces and created an external bridge. The
mud exhibited similar trends in fluid loss property with increase in fluid loss with temperature,
and the use of biomaterials in mud formulations is a recent trend [5 31-321_ High temperature
gelation was not observed, since low-flat or discontinuous gelling was only obtained even at
elevated temperature conditions (Table 2; Figure 12). These are gels that do not appreciably
alter with time. Pumping of the mud might not be difficult if drilling is interrupted. The pH of
5.22 would inhibit microbial activities to some extent in any mud formulation.

Recommended treatment for Parkia biglobosa is from 6 to 12ppb, with an expected opti-
mum concentration of 10ppb, since increase in temperature increases fluid loss. The recom-
mended concentration of Parkia biglobosa is 10ppb, so that the API recommended filter cake
thickness will not be exceeded. However, the effect of the fluid loss additive on the aged mud
was not considered. It is recommended that further test be carried out on aging mud at lower
concentrations.

References
[1] Gatlin C. Petroleum Engineering Drilling and Well Completions, Prentice-Hall Inc., Englewood
Cliffs, N.J., 1960: 74.
[2] Hussain R. Well Engineering and Construction. Elsevier Science Publishers B.V, Amsterdam,

the Netherlands, 2002: 290.
[3] Darley HCH, Gray GR. Composition and Properties of Drilling and Completion Fluids, Fifth
Edition, Butterworth-Heinemann, Wildwood Avenue, Woburn, MA (1988): 282-320.

[4] American Petroleum Institute, Recommended practice for field testing water-based drilling
fluids, Fourth Edition, ANSI/API RP 13B-1, 2009.

[5] Adewole JK, Muritala KB. Some applications of natural polymeric materials in oilfield opera-
tions: a review. Journal of Petroleum Exploration and Production Technology, 2019; 9: 2297-
2307.

[6] Larsen DH. Determining the filtration characteristics of drilling muds. Petrol. Eng., 1938; 42:
44-46.

[7] Skalle P. Drilling Fluid Engineering. Pal Skalle & Publishing ApS (2010): 98-100.

[8] Bourgoyne AT, Millheim KK, Chenevert ME, Young FS. Applied Drilling Engineering, Second
Edition, SPE, Richardson, Texas, 1991: 46.

[9] Krueger RF. Evaluation of drilling-fluid filter-loss additive under dynamic conditions Journal
of Petroleum Technology, 1963; SPE, 15 (1).

[10] Heriot-Watt University Drilling Engineering Handbook, Available from Institute of Petroleum
Engineering, Heriot-Watt University (2010): 368-369.

Pet Coal (2020); 62(4): 1242-1249
ISSN 1337-7027 an open access journal

1248



Petroleum and Coal

[11] Srini-Vasan S, Gatlin C. The effect of temperature on the flow properties of clay-water drilling
muds. Society of Petroleum Engineers, 1958; 10 (12). https://doi.org/10.2118/975-G.

[12] Bartlett LE. Effect of temperature on the flow properties of drilling fluids Society of Petroleum
Engineers, 1967: https://doi.org/10.2118/1861-MS.

[13] https://doi.org/10.2118/933112-G.

[14] McMordie Jr. WC, Bennett RB, Bland RG. The effect of temperature and pressure on the vis-
cosity of oil-Base muds Society of Petroleum Engineers, 1975; 27(07):
https://doi.org/10.2118/4974-PA

[15] Byck HT. Effect of temperature on plastering properties and viscosity of rotary drilling muds.
Society of Petroleum Engineers, 1940; 136 (01): https://doi.org/10.2118/940165-G.

[16] Routh BI, Craft BC. Effect of temperature on the gel strength of some gulf coast drilling muds
Society of Petroleum Engineers, 1938; 1(03): https://doi.org/10.2118/938082-G.

[17] Uwaezuoke N, Igwilo KC, Onwukwe SI, Obah B. Effects of temperature on Mucuna solannie
water-based mud properties. International Journal of Advanced Engineering Research and
Science, 2017; 4(1): 1-10.

[18] Escudier MP, Gouldson IW, Pereira AS, Pinho FT, Poole R]. On the reproducibility of the rhe-
ology of shear-thinning liquids Journal of Non-Newtonian Fluid Mechanics, 2001; 97; 99-124.

[19] Uwaezuoke N, Igwilo KC, Onwukwe SI, Obah B. Optimization of Mucuna solannie mud rheo-
logical parameters. Journal of Petroleum Engineering and Technology, 2017; 7(1): 15-26.

[20] Igwilo KC, Odo JE, Uwaezuoke N, Ihedilionye GS, Nwaneri PC. Optimization and modeling of
the rate of penetration in an extended reach drilling process Pet Coal, 2020; 62(2): 299-308.

[21] Orwa C, Mutua A, Kindt R, Jamnadass R, Anthony S. Agroforestree Database: a tree reference
and selection guide, Version 4.0, World Agroforestry Centre, Kenya (2009).

[22] National Research Council, Lost Crops of Africa, 2, the National Academies Press, Washington,
DC (2006).

[23] Sina S, Traoré SA. Parkia biglobosa (Jacg.) R.Br. ex G.Don., Wageningen, Netherlands (2002).

[24] Hopkins HC. . The taxonomy, reproductive biology and economic potential of Parkia (Legumi-
nosae: Mimosoideae) in Africa and Madagascar. Bot. J. Linnean Soc.,1983; 87 (2): 135-167.

[25] Femi-Ola TO, Ajibade VA, Afolabi A. Chemical composition and termicidal properties of Parkia
biglobosa (Jacq) Benth. Journal of Biological Sciences, 2008; 8 : 494-497:
https://doi.org/10.3923/jbs.2008.494-497

[26] Gernah DI, Atolagbe MO, Echegwo CC. Nutritional composition of the African locust bean
(Parkia biglobosa) fruit pulp. Nigerian Food Journal, 2007: 25(1):190-196:
https://doi.org/10.4314/nifoj.v25i1.33669

[27] Akubor PI. Processing, Utilization and storage properties of locust bean. (Parkia biglobosa)
fruit pulp, Ph.D dissertation, University of Nigeria, Nsukka, 2007.

[28] Bhagwat S, Haytowitz DB, Holden JM. Nutrient Data Laboratory, U.S. Department of Agricul-
ture, 2014; Retrieved April 13, 2019, from:
https://www.ars.usda.gov/ARSUserFiles/80400525/Data/Flav/Flav_R03-1.pdf

[29] Ihegwuagu N, Omojola MO, Emeje MO, Kunle OO. Isolation and evaluation of some physico-
chemical properties of Parkia biglobosa starch. Pure Appl. Chem., 2009; 81 (1): 97-104:
https://doi.org/10.1351/PAC-CON-08-01-21

[30] Uwaezuoke N, Onwukwe SI, Igwilo KC, Obah B. Biopolymer substitution and impact on cut-
tings transport of a lightweight water-based drilling fluid Journal of Petroleum Engineering
and Technology, 2017; 7(2): 54-64.

[31] Nareh’ei MA, Shahri MP, Zaman, M. Rheological and filtration loss characteristics of colloidal
gas aphron based drilling fluids Journal of the Japan Petroleum Institute, 2012; 55(3):182-190.

[32] Igwilo KC and Zaka B. Evaluation of rheological properties of Detarium Microcarpum, Bra-
chystegea eurycoma using Herschel-Buckley model and their commercial availability. Journal
of Petroleum and Gas Engineering, 2014; 5(2): https://doi.org/10.5897/JPGE2014.0191

To whom correspondence should be addressed: Dr. Nnaemeka Uwaezuoke, Department of Petroleum Engineer-
ing, Federal University of Technology, P.M.B. 1526, Owerri, Nigeria,
E-mail: nnaemeka.uwaezuoke@futo.edu.ng

Pet Coal (2020); 62(4): 1242-1249
ISSN 1337-7027 an open access journal

1249


https://doi.org/10.2118/975-G
https://doi.org/10.2118/1861-MS
https://doi.org/10.2118/933112-G
https://doi.org/10.2118/4974-PA
https://doi.org/10.2118/940165-G
https://doi.org/10.2118/938082-G
https://doi.org/10.3923/jbs.2008.494-497
https://doi.org/10.4314/nifoj.v25i1.33669
https://www.ars.usda.gov/ARSUserFiles/80400525/Data/Flav/Flav_R03-1.pdf
https://doi.org/10.1351/PAC-CON-08-01-21
https://doi.org/10.5897/JPGE2014.0191
mailto:nnaemeka.uwaezuoke@futo.edu.ng

	Abstract
	1. Introduction
	2. Parkia biglobosa
	2.1. Summary of Parkia biglobosa fruit pulp characterization
	2.2. PAC UL

	3. Materials and method
	4. Results and discussion
	4.1 Results
	4.2. Discussion

	5. Conclusion and recommendation
	References



