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FIELD EVALUATION OF D.E. AND CARTRIDGE 
FILTERS FOR COMPLETION/WORKOVER FLUID 
FILTRATION SPE 16933
ABSTRACT
Proper fi ltration of “clean” brines is an important step in weIl workover or completion operations. The use of properly fi ltered 
brines has resulted in increased oil production in several Conoco wells in the Gulf Coast region. This is a direct result of 
reduced format ion damage. The results of a 3-year fi eld evaluation of D.E. and cartridge fi lter systems are reported and compared to 
fi ndings of laboratory core fl ow tests to determine needed brine “clarity” for minimum format ion damage. The evaluations show that 
even highly contaminated completion/workover fl uids can be satisfactorily fi ltered to contain less than 50 mg/ltr of solids with either 
diatomaceous earth (D. E.) and/or cartridge fi lter systems. Both systems removed as much as 96 to 99 percent of infl uent solids. The 
D.E. fi lters. in general handled a much wider range of solids concentration more effi ciently than the “nominal rating” cartridge fi lters. 
Laboratory core fl ow tests have shown that completion/workover fl uids with approximately 5 mg/ltr of solids do not cause format ion 
damage with limited pore volume injection.

INTRODUCTION
Formation damage by particle invasion and/or fi lter cake build up was recognized by the oil industry as early as 1896. -Rike states that 
as low as 50 ppm of solids in a completion fl uid can plug up to 16 perforations if 50 bbl of brine is lost to the formation during a job2. 
Consequently, the school of thought among many oil producers is to use clean brine to control formation damage rather than stimulate 
later.3,4,5 Once the damage in perme-abllity has incurred. In cannot be 100 percent removed by any means.4,6,7 The loss in perme-ability 
translates to a decrease in anticipated production rates. The use of clean completion fl uids has resulted in more production at faste and 
more effi cient rates. Pasztor and Snover8 state that these “solids-free” fl uids have caused increases in weIl productivity of as much as 
850 percent. McLeod and Crawford9 calculate a twelvefold improvement ratio by the use of ultra-clean brine. Thus the use of clean brine 
for completion operations translates into higher profi t and lower operating cost for oil producers. As a result. a proper fi ltration of brine 
becomes an important step in weIl workover or completion operations.

BACKGROUND
Filtration is a process used to remove suspended materials from liquids (as discussed in this paper). There are various fi lter systems 
available as Nall10 describes. In the late 1970s, it was recognized that high-rate completions could be achieved in Gulf of Mexico wells 
if good completion practices were followed. One such completion practice is the use of clean completion fl uids. 

Diatomaceous earth (D.E.) is a fi lter aid used in the solids-liquid separation process. It is composed of fossil-like skeletons of micros-
copic water plants, called diatoms. They range in size from under 5 um to over 100 µm. Diatoms tend to pack well and form a highly 
permeable, stable, and incompressible fi lter cake. The fi rst step in the use of fi lter aid is to build up a precoat of fi lter aid on the fi lter 
medium which can be cloth or screen. The fi lter systems can be plate and frame, tubular, vertical leaf, horizontal leaf, or rotating leaf. 
The fi lters with D.E. can reduce the average particle size downstream to less than 1 µm if the proper grade of D.E. is selected and is 
properly applied.

To evaluate the fi lter systems in actual fi eld conditions, 3-year fi eld tests have been conducted within Conoco production operations du-
ring actual and/or mock completion/workover operations. At the same time, laboratory core fl ow studies were conducted to determine 
the brine clarity standard. When the lab data were combined with fi eld fi ltra-tion data, it became possible to answer some of the often 
posed questions about fi ltration length and clarity. This paper addresses these questions and provides some of the answers.

EXPERIMENTAL PROCEDURES AND EQUIPMENT SETUP 
FILTRATION TEST SYSTEM
A basic fi ltration system layout is shown in Figure 1. As shown, it basically consists of a settling tank (which can be a delivery truck) to 
remove settleable solids, a fi ltration system (D.E. and/or cartridge), and a clear brine tank. The fl uid is usually circulated through the well 
while fi ltering and fl uid samples taken at points 1, 2, and 3 during each circulation for solids analysis. When the return sample from the 
well (Sampling Point 1) is as clean as the fi ltered fl uid

(Sampling Point 2), then the fi ltration is terminated. In most cases, the fi ltration process was monitored using a Nephelometric Turbi-
dity Unit. Later the samples taken were analyzed gravi metrically in the laboratory for total suspended solids (TSS). The effi ciency of a 
fi ltration process was calculated as follows:



% Removal = 100 (U-D)/U

where

U = Solids concentration at the upstream of fi lter, mg/l
D = solids concentration at the downstream of fi lter, mg/l 

During each test, pressure data was taken with differential pressure transducers. Turbidity measurements were monitored by an in-line 
turbidi-meter and fl ow rate measurements were made with a top-loader balance. The top loader measured the fl ow rate by a timed 
weight change through a computer.

The brine permeability of the cores was calculated using Darcy’s Equation:

 K = 1,000 * Q * µ * L ,where
 A(ΔP)

K  = permeability in md
Q  = fl ow rate in ml/sec
µ  = fl uid viscosity in cP
L  = core length in cm
A  = cross-sectional area of core face in cm2 
ΔP  = differential pressure across core, atm 

RESULTS AND DISCUSSION CASE HISTORIES
Tables I and II summarize the fi ltration study results on the cartridge and D.E. fi ltration systems. The fi eld tests were conducted through 
North American Production Divisions of Conoco from 1982 to 1985. Most of the results were obtained from the actual fi ltration of 
completion and workover fl uids during drilling or workover operations.

As shown in the tables, the effi ciency of both fi ltration systems varies from case to case. The effi ciency of the cartridge fi lters (nominal 
and absolute) ranges from 0 to 96 percent removal, while the effi ciency of the D.E. fi lters ranges from 60 to 99 percent removal.

In both systems, there were varying parameters which affected the overall removal effi ciency. For example, brine weight, viscosity, inlet 
solids concentration, and fl ow system are just a few variables. Consequently, a wide range of results was observed.

The laboratory core fl ow test results are shown in Figures 5-8. As shown in Figure 5, at the maximum solids concentration injection (100 
mg/l), the permeability damage was found to be a function of the initial core permeability. For example, with 100-pore volume injection 
of brine containing 100 mg/l of solids, the high perm core (Ka = 39 md) was totally plugged, while the lower perm core (Ka = 2.5 md) 
lost only ~ 15 percent of its initial permeability. This indicates that at a constant overbalance pressure, a more permeable zone will 
receive a higher proportion of the fl uid during a completion. Therefore, higher permeability zones will be damaged at a faster rate than 
the lower permeability zones, which is the exact concept used in diverting agents for stimulations.

However, the permeability decline rate will be evenly distributed if the completing zone has uniform permeability, as shown in Figure 6. 
This fi gure shows the decline in permeability with pore volume injection at a solids concentration level of 50 mg/l. The cores selected 
are in the mid-permeability range of the Monterey formation. The solids level shown here is the level recommended in the past for the 
completion and workover fl uids in the Gulf Coast areas by Conoco. However, as shown by the decrease in permeability by more than 
60 percent at 100-pore volume injection, the rule is not adequate in Monterey formation completion and workover operations. On the 
other hand, it should also be realized that some of these losses in permeability will be regained by well fl ow.

Figure 7 illustrates the results obtained with 5 mg/l of solids injection. As shown, at 100-pore volume injection, less than 5 percent 
decline in permeability was measured. In most completion and workover operations, the loss of brine will be a somewhat fi xed volume 
(not a constant injection as in injection wells) whether it is contaminated or not. As a result, 100 pore volumes is used for comparison 
purposes here. Figure 7 indicates that for the permeability ranges shown here, the damage is minimal at 5 mg/l of solids injection. As 
mentioned earlier, some of the damage will be returned by backfl owing. However, to minimize the initial damage, 5 mg/i is needed in 
fi ltering completion/workover fl uids for the permeability ranges tested. It should also be noted that even the 5 mg/l will damage very 
high-permeability zones (Ka > 50 md). But, on the average, 5 mg/l level of solids did not signifi cantly damage permeability.

FIELD EVALUATION
W

e 
ca

re
, w

e 
fi l

te
r

398 Zuiddijk 1505 HE  Zaandam  •  The Netherlands  •  Tel. +31 (0)75-6555 000  •  Fax +31 (0)75-6555 010
www.twinfi lter.com  •  info@Twinfi lter.com



FIELD EVALUATION

W
e 

ca
re

, w
e 

fi l
te

r

398 Zuiddijk 1505 HE  Zaandam  •  The Netherlands  •  Tel. +31 (0)75-6555 000  •  Fax +31 (0)75-6555 015
www.twinfi lter.com  •  info@twinfi lter.com

20
-0

8-
20

07
 -

 

Average permeability were found to be a function of solids concentration, as shown in Figure 8. At 5 mg/l no 
signifi cant change in permeability was observed, while at 50 and 100 mg/l, more than 50 percent damage was 
observed with 100-pore volume injection. It should be noted that the solids concentration levels of 50 mg/l and 
100 mg/i damaged the core permeability at the same rate. 

Fluids, at that time, were being fi ltered with nominal cartridge fi lters or bag fi lters, if they were fi ltered at all. Qua-
lity of the fi ltration was being evaluated by centrifuge, or by reading a newspaper through a sample container.

In completion/workover fl uids, the suspended solids which need to be removed vary. As Allen3 in-dicates, the contaminating solids may 
be weighting materials, clays, viscosity builders, fl uid-loss control materials, perforating-charge debris, lost-circulation materials, drill 
solids, cement particles, rust and mill scale, pipe dope, undis-solved salt, gravel-pack or frac-sand fi nes, precipitated scales, paraffi n, 
or asphaltenes. Because these various contaminants are widely different in composition, size, and shape, fi ltration of completion and 
workover fl uids is not a simple task. Other parameters affecting the fi ltration process, such as fl uid density, and viscosity, are mentioned 
by Glaze and Echols11.

By the early 1980s,more emphasis was being placed on cleaner fl uids, and new types of fi lters were being introduced to the petroleum 
industry. This led Conoco to perform a study of available and potentially available fi ltration techniques for completion and workover 
fl uids.10 
There are varying opinions on what is the best method of fi ltering brines. However, studies have shown that there are just two types of 
systems which are popular with the operators, cartridge fi lters and D.E. (diatomaceous earth) fi lters. The cartridge fi lters are used be-
cause of their convincience and improvements in fi lter size ratings12,13. On the other hand, others have shown that D.E. fi lters are better 
for fi ltering completion and workover fl uids to the desired level. 14,15

In cartridge fi ltration, the particles are blocked as the fl uid fl ows through the permeable material into the center tube. Most of the par-
ticles, however, are blocked at the outer surface of the cartridge. The smaller particles are usually trapped within the permeable material 
matrix, which can be cotton, paper, polyester fi ber, poly-propylene, fi berglass, orlon, or rayon. Cartridge fi lters generally are rated by pore 
size, 1 µm, 2 µm, 5 µm, 10 µm, or 25 µm. The micron ratings of the cartridges are either nominal or absolute.

API FILTRATION MONITORING PROCEDURE
The concerns about the cost of fi ltration and the perennial question of how to measure cleanliness have led the American Petroleum 
Institute (API) to develop a procedure for on-site monitoring of brine clarity.. One of the keys to a successful and economical fi ltration of 
workover/completion fl uids is the ability to monitor the end point of a fi ltration process. The API procedure for deter-mining brine clarity 
can be found in “Recommended Practice for Testing Heavy Brines, RP13J.” It consists of developing a calibration curve in the laboratory, 
using the actual completion fl uid brine, and actual wellbore solids. When turbidity measurements are made, the curve can relate NTU 
(Nephelometric Turbidity Unit) values to solids concentration. During the actual completion operation, the calibration curve is used with 
in-fi eld turbidity measurements to indicate the contaminant levels in the fi ltered fl uid returns, shown as sampling point 1 in Figure 1.

If the contaminant level is plotted versus number of circulations, as shown in Figure 2, the optimum level of fi ltration, from a cost-ef-
fectiveness viewpoint, can be determined. This was defi ned as the point when the solids level becomes fairly constant. In the example, 
Circulation No. 3 is the end point.

CORE PREPARATION AND FLOW SYSTEM
Core samples tested were 1-inch-diameter plugs drilled from actual wells. They were cleaned by solvent extraction and dried in a tem-
perature- and humidity-controlled oven. The physical dimensions of the cores were recorded and air permeability and porosity analyzed. 
The headers and a pressure tap were installed with epoxy, and after drying, the entire core was coated with epoxy. The epoxy-coated 
cores were individually loaded into a pressure vessel with an external core confi ning pressure of 750 psig.

A vacuum of 26 to 27 inches mercury was applied to each core, prior to saturation with 0.22-_ fi ltered synthetic, seawater. After satu-
ration, fl ow was initiated with the fi ltered synthetic seawater until a stable baseline brine permeability was achieved. Once a baseline 
was established, the fl ow of particles at designated concentrations began. Hydrated API bentonite was employed as a contaminant, 
assuming a large percent of solids in the water-base drilling muds are bentonite clays.

The core fl ow system was assembled to conduct these core fl ow tests. Brine was drawn from the 8-liter brine reservoirs by LDC Milton 
Roy metering pumps. Seawater was pumped through the cores with the effl uent passing through a turbidimeter cell and then to a re-
servoir on a top-loader balance. A pressure-regulated recycle line was used on the pumping loop. This enabled fl ow to be either constant 
pressure or constant rate.
In the case of the nominally rated 2-_m to 5-_m pleated cartridge fi lter, fi ltering 2 percent KCl brine showed a distinct trend in effi ciency 
as a function of inlet solids concentration. Figure 3 illustrates the correlation between the inlet solids concentration and percent solids 



removal. As shown, the fi ltration effi ciency decreases as the solids concentration decreases. When the upstream solids are near 20 mg/L, 
the percent removal by the 2-um to 5-um cartridge fi lter approaches 0 percent. Therefore, for low inlet solids, pleated cartridge fi lters 
should be avoided. However, the 10-_m absolute cartridge fi lters performed consistently above 90 percent in two cases tested. Since the 
inlet solids concen-trations were relatively high (390 to 1,066 mg/l), performance at the low solids end (< 50 mg/l) is not certain.

The performance of D.E. fi lters is found to be more consistent in a wide range of fl uids with a wide range of solids concentrations. As 
shown in Table II, the effi ciency of removal ranges from 60 to 99 percent for the inlet solids concentration of 25 to 52,600 mg/l. Figure 
4 illustrates the removal effi ciency of D.E. plate and frame fi lter as function of inlet solids concentration. As shown, even at a low solids 
concentration of 25 mg/t, the removal effi ciency is 60 percent. When the solids in lower-effi ciency D.E. fi lter tests were examined with 
SEM (Scanning Electron Micros-copy), solids were often the fi lter media, i.e., diatoms. Consequently, an ideal D.E. fi lter system should 
have a cartridge fi lter as a guard fi lter to prevent media leakage to the formation.

“HOW CLEAN IS CLEAN?”
Defi ning the clarity of the brine necessary for the minimum damage has been a diffi cult problem to addres’s’. General rules of thumb 
used by the oil industry in fi ltering completion and injection fl uids, have been to remove all the particles greater than one-third the 
size of the smallest pore 16,17or remove 98 percent of the particles greater than 2 _m in size. However, the fi eld experiences in fi ltering 
completion/workover fl uids have shown that these “rules-of-thumb” standards are unrealistic in many fi eld operating conditions. As a 
result, in Conoco production operations, generally, the limit was set at <50 mg/l of solids. The limit was based on fi eld experiences in 
fi ltration and cost. Other companies have recommended as high as 500 mg/l15 as a standard for a clean brine. In a quest for defi ning the 
clarity level in more empirical bases, laboratory core fl ow studies have been conducted.

A laboratory core fl ow study was conducted to make a fi ltration recommendation for the Monterey formation in the Ventura Basin, 
California, comple-tions and workover operations. As a result, the Monterey formation cores were employed. The permeability damage 
measured was found to be a function of the initial permeability of the core and the total solids in the injected brine. Seawater containing 
fully hydrated bentonite was injected as the contaminating fl uid.

This indicates that there is a critical concen-tration level in minimizing impairment. Con-sequently, it is important to fi lter the comple-
tion/workover fl uids to below that critical concentration to reduce formation damage.

The laboratory test results shown here may not always be applicable in the real fi eld situations. However, in fi ltering fl uids, getting as 
close to 5 mg/l, as possible will minimize the damage. At the same time, the economic considerations should also be weighed concer-
ning the removal of the last 1 mg/l of solids.

ECONOMIC CONSIDERATIONS
Much has been said about the “high cost of fi l-tration.” This is certainly true when considering daily rig cost as part of the fi ltration 
costs. Thus it is diffi cult to determine the proper level of fi ltration to ensure maximum or near maximum productivity at the least “rea-
listic costs.”

There are those who recommend fi ltration to the 0.5-micron level, but this is highly impractical under fi eld conditions. It is also diffi cult 
to monitor whether the goal is achieved or not for on-site evaluations. Consequently, the most economical and practical end point of 
fi ltration should be when the well return solids concentration approaches the fi ltered fl uids, or to the 5 mg/l of solids, whichever comes 
fi rst. At the same time, more economical and effi cient fi ltration systems should be used. As Nall states, the D.E. fi l-tration cost is 20 cents/
bbl (1982), while the cartridge fi ltration cost is $5 to $10/bbl (1982) for nominal and $15 to $50/bbl (1982) for the absolute rating.

CONCLUSIONS
1. The literature survey revealed that most producers believe the use of clean completion fl uids improves productivity.
2. At low inlet solids concentrations (< 100 mg/l), nominal cartridge fi lters are not effi cient.
3. D.E. (Diatomaceous Earth) fi lters are more consistent than cartridge fi lters in removing a wide range of solids concentrations.
4. High-permeability formations are easier to plug than low-permeability zones.
5. Damage is proportional to solids concentrations until a critical limit is reached.
6. Fluids with 5 mg/l of solids or less do not damage cores with 1- to 50-md air permeability in a limited pore volume injection.
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TABLE 1

FIELD TEST RESULTS OF ABSOLUTE (A) AND NOMINAL (N) RATING CARTRIDGE FILTERS

  Solids Conc. (mg/l)
Test No., Filter Rating Type of Brine Upstream Downstream % Removal
1 10 µm(A) 13.0 ppg CaCl2/CaBr2 768 33 96
2 2-5 µm(N) 13.0 ppg CaCI2/CaBr2 33 12 64
3 2-5 µm(N) 9.6 ppg NaCl 41 88* 0
4 10 µm(A) 13.7 ppg CaBr2 492 30 94
4 10 µm(A) 13.7 ppg CaBr2 1,066 67 94
4 10 µm(A) 13.7 ppg CaBr2 391 27 93
5 5 µm(N) 12.2 ppg CaBr2 173 81 53
6 2-5 µm(N) pleated Produced Water 106 33 69
6 2-5 µm(N) pleated Produced Water 20 16 20
7 50 µm(N) 9.3 ppg NH4Cl 220 188 15
7 10 µm(N) 9.3 ppg NH4Cl 688 648 6 
7  10 µm(N)  9.3 ppg NH4Cl  316  294  7
8 2-5 µm(N) pleated 2% KCl 16 16 0
8 2-5 µm(N) pleated 2% KCl 31 18 42
8 2-5 µm(N) pleated 2% KCl 85 14 84
8 2-5 µm(N) pleated 2% KCl 50 12 76
8 2-5 µm(N) pleated 2% KCl 21 20 4

*Contamination in the fi lter system actually caused increase in downstream solids concentration.

TABLE 2

FIELD TEST RESULTS OF DIATOMACEOUS EARTH (D.E.) FILTERS

 Solids Conc. (mg/k)
Test No.     Filter Type Type of Brine Upstream Downstream % Removal
1 Plate & Frame 9.4 ppg CaCl2 2,936 106 96
2 Plate & Frame 17.7 ppg ZnBr2 2,929 1,075 63
3 Plate & Frame 8.8 ppg NaCl 63 12 81
4 Plate & Frame 14.2 ppg CaBr2 862 33 96
5  Vertical Leaf 15.0 ppg CaBr2 52,600 181 99 
6 Plate & Frame 9.0 ppg NaCl  62 19 69
7 Plate & Frame Seawater 167 10 94
7 Plate & Frame Seawater 51 8 84
7 Plate & Frame Seawater 25 10 60
7 Plate & Frame Seawater 31 12 61
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