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Abstract: The main goal of this study is to combine two widely used standard proppant 

conductivity measurement methods in order to harvest some of their advantages in case of 

resin-coated proppants. The available literature was studied to determine which elements 

can be eliminated or modified for the measurement to simplify the method and shorten its 

length. The proposed measurement procedure provides as short a solution as possible while 

maintaining suitable accuracy. An additional object of the study is to investigate the effect 

of different flow rates through a propped pack and find the limit of non-Darcy flow. Since 

higher than recommended flow rates can be utilized, less complex differential pressure 

measurement devices can be used. Different evaluation methods have been tried out for 

improved solution. 
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1. INTRODUCTION 

In general, the purpose of proppant measurements is to obtain near-in-situ infor-

mation about the permeability and conductivity of different proppants. Selecting a 

proppant with the right properties is one of the key aspects for well productivity 

and thus for the economy of a hydraulically fractured and propped reservoir [1]. In 

most cases, the proppant selection is based on measurements done under laboratory 

conditions. Although measurements have been made since the 1940s to investigate 

proppant behavior and the conductivity of hydraulic fracturing, there was no estab-

lished standardized method until the end of the 1980s [2]. The first standardized 

measurement method was introduced by the American Petroleum Institute in 1989 

under the name of “Recommended Practices for Evaluating Short Term Proppant 

Pack Conductivity” and with the identification number of API RP 61 [3]. As the 

measurement method involved a high degree of uncertainty, a modified measure-

ment method and equipment for it began to spread in the industry [4]. This modi-

fied method became the standard in the industry and in 2006 it was established by 

the International Organization for Standardization as ISO 13503-5 [5]. In 2008 this 

standard was adopted by the American Petroleum Institute under the name of 

“Measuring the Long-term Conductivity of Proppants” and with the identification 

number of API RP 19D [6]. The main differences between API RP 61 and API RP 

19D are summarized in Table 1. 
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It is important to note that significant differences can be found in the literature 

between measurements performed under the same conditions with API RP 19D, so 

the measurement uncertainty is high. In general, the variance between measure-

ments is ±20%, although variance of more than 80% can be found in the literature 

as well [7]. During our investigation, we set a target to create a modified measure-

ment method with which the results can be duplicated within the average range of 

±20% and with a sufficiently high correlation coefficient. At the same time we at-

tempt to reduce the measurement time as much as possible, since one measurement 

series with the API RP 19D standard requires more than 250 hours, not including 

preparation. 

 

2. EXPERIMENTAL PROCEDURE 

In order to modify the current processes, first we needed to study the literature 

and compare the already available methods. The main differences between API 

RP 61 and API RP 19D conductivity measurement methods are represented in the 

table below. 

Table 1 

Main differences between API RP 61 and API RP 19D measurement standards [7] 

 API RP 61 API RP 19D 

Circulated fluid Deionized water 2% KCL solution 

Closure body Stainless steel platens Sandstone core 

Temperature 75 °F (~24 °C) 150–250 °F (~66–121 °C) 

Time under closure stress 0.25 hours 50 hours 

 

The first suggestion to use 1 to 2% potassium chloride (KCl) water instead of de-

mineralized water appeared in the literature in 1986 [8]. The main assumption was 

that the water phase probably can be simulated better by this solution. As the effect 

of this has not been investigated extensively, during our modified method first de-

mineralized water was used; in later studies, the effect of the usage of KCl solution 

will be analyzed. 

The effect of proppant embedment on proppant conductivity is significant and 

its effect is more obvious under a certain closure value [13]. As 10,000 psi is the 

final closure stress during our measurements, this effect cannot be disregarded. To 

obtain more realistic conductivity values consolidated sandstone is used in our 

modified approach. 

Most of the literature suggests higher than ambient temperature during conduc-

tivity measurement [2, 5, 6, 8, 9, 12]. The reason behind this is that in case of short 

loading times the temperature does not have a significant effect on the conductivi-

ties, but in case of significantly longer loading times the temperature is important, 

as stress-intensified corrosion may occur, weakening the grains and increasing the 

degree of crushing [12]. The investigated proppant in this study has a very low fine 

value after the ISO 13503-2 crush test. The value of the crush test in case of the 
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investigated proppant is equal to 3.13 wt% at 10,000 psi (~690 bar), which can be 

considered as low [10]. As the standardized crush test specifies ambient tempera-

ture [11] during, measurement, a temperature of 75 °F (~24 °C) was implemented 

in our modified approach, which is a considerable simplification of the method and 

further investigation may be necessary. 

Three main factors have been identified that can cause variations in the meas-

urement results under the same conditions in case of API RP 19D [1]: 

• Variation in pack width: this can be caused by the initial packing arrange-

ment, which is carried through during the different closure stresses and af-

fects the rearrangement and the compression properties; 

• Secondary changes in pack width: the main causes are the proppant rear-

rangement under different loads, grain crushing, and grain embedment (also 

other parameters like roundness and sphericity of the proppant grains have 

an impact on these parameters); 

• Variations in permeability: caused by the initial proppant arrangement. 

 

To achieve the same initial and during measurement conditions in the above condi-

tions, API RP 19D suggests a relatively long loading time for each closure stress 

(±50 h). Also, a significant decline can be identified in the conductivities if the 

proppant pack is under closure stress for a significant time period [14]. In order to 

adjust to this phenomenon as much as possible, the holding time of the first closure 

stress after the initial load was 70 hours during our measurement. After that, to re-

duce the total time (compared to API RP 19D), permeabilities and conductivities 

were determined after 24 hours at each closure stress. The most important meas-

urement parameters are given in Table 2, in which the values recommended by the 

two standards are also indicated in the last two columns as a comparison. 

 

Table 2 

The most important measurement parameters applied in the modified approach 

 Modified approach 
API RP 61 

(1989) 

API RP 19D 

(2008) 

Temperature 75 °F (24 °C) 75 °F (24 °C) 250 °F (121 °C) 

Fluid medium demineralized water demineralized water 2% KCl solution 

Closure body Kővágószőlős sandstone stainless steel Ohio sandstone 

Initial load 310 psi – 1,000 psi 

Duration of initial 

load 
1 hour – 12–24 hours 

Closure stresses 4,000 psi 

6,000 psi 

8,000 psi 

1,0000 psi 

1,000 psi 

2,000 psi 

3,000 psi 

4,000 psi 

5,000 psi 

6,000 psi 

7,000 psi 

8,000 psi 

2,000 psi 

4,000 psi 

6,000 psi 

8,000 psi 

10,000 psi 
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 Modified approach 
API RP 61 

(1989) 

API RP 19D 

(2008) 

9,000 psi 

10,000 psi 

11,000 psi 

12,000 psi 

13,000 psi 

14,000 psi 

Loading rate 
Initial to 4,000 psi 725 

psi/min, then 260 psi/min 
– 100 psi/min ± 5% 

Duration of closure 

stresses 

At 4,000 psi 70 hours, then 

24 hours 
0.25 hours 50 hours ± 2 hours 

 

The measurement was carried out by an equipment introduced in the ISO 13503-5 

(API RP 19D) standard [22]. A schematic diagram of the experimental setup is 

shown in Figure 1.  

 

 
Figure 1 

Schematic of experimental setup for proppant conductivity measurements 

 

Pulsation-free constant flow rate was supported by a chromatographic pump with a 

built-in pulsation dampener unit. The injected fluid was passed through a silica sat-

uration cell and filtered by a 0.5-micron sintered stainless-steel filter before enter-

ing the test cell. Proppant was placed into a proppant conductivity cell between two 

sandstone wafers from the Kővágószőlős Formation (detrital complex of the Upper 

Permian of the Mecsek mountains, Hungary). Closure stress was supported within 

+/– 1% of the setpoint value by a hydraulic load frame with a maximal loading ca-
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pacity of 667 kN. Pressure drop between the pressure ports was measured with a 

differential pressure transducer with a resolution of 0.001 kPa. Pore pressure was 

set up by a back pressure regulator (BPR). The width of the proppant pack was 

measured with two laser distance sensors. Initial zero pack width was measured 

without the proppant pack. Pressure, temperature and distance parameters were 

collected and stored by a computer. 

Other preparations for the measurements have been implemented as API RP 

19D states, such as the presetting of the sandstone core with high-temperature sili-

cone (RTV) in order to avoid any leakage at the sides of the core or the loading of 

proppant in the cell. The loading of proppant in the cell is a critical factor to reach 

nearly identical results. For example, recent studies proved that proppant loading 

with the application of vibration can significantly reduce the conductivity varia-

tions [15, 16]. This method has not been used during our measurements as it is not 

yet accepted by the ISO and our results indicate that the conductivities can be in an 

acceptable range without the utilization of any vibration techniques. 

In order to be able to examine the effect of time, the data were recorded continu-

ously during the measurement. Instead of the minimum flow rate of 2 ml/min spec-

ified in the standard, a flow rate of 2.6 ml/min was used and at the end of the load-

ing cycles, four volumetric flow rates were applied instead of five recommended 

by the API RP 19D (2.6 ml/min; 3.1 ml/min; 3.6 ml/min; 4 ml/min), which deter-

mined the final permeability values. 

The following standard equations were used to determine the permeability and 

conductivity values [5]. 

 

   (1) 

 

   (2) 

 

 

where k is the permeability expressed in Darcy; C is the conductivity expressed in 

Darcy-meter; μ is the dynamic viscosity of the fluid expressed in cP; Q is the ap-

plied flow rate expressed in cm3/s; L is the distance between the pressure ports ex-

pressed in cm; ΔP is the pressure drop (pressure upstream minus pressure down-

stream) expressed in kPa w is the cell width expressed in cm; and Wf  is the prop-

pant pack width expressed in cm. 

 

3. RESULTS 

The total duration of the measurement was 150 hours, which can be identified in 

Figure 2. Data were continuously recorded during the measurement, so it can be 

seen in the figure how the permeability values changing with time and under dif-
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ferent applied loads. The different closure stress effects can be easily recognized, 

as the permeability values show a significant drop when greater pressures are ap-

plied to them. 

 
Figure 2. Permeability values during the whole measurement 

 

The data recording took place every 5 seconds during the measurement, so more 

than 10,500 permeability values are calculated and presented in the figure above. 

Since the API RP 19D standard proposes that permeability values (at different flow 

rates) are to be determined at the end of the different closure stresses, the average 

of the values recorded at each flow rate serves as a starting point. The standard 

does not provide any evaluation method for this, so we propose that the average of 

the measured values (at each flow rate) be represented on a graph where the abscis-

sa is the ΔP/L and the ordinate is the Q/A (or Q/(w×Wf)). Interpolating a linear 

function on these data points, we can determine the permeability values from the 

slope of the line by the following equation. 

 

   (3) 

 

where the slope can be found from the fitted line and is a dimensionless parameter. 

This method (later also referred to as 4-point measurement) can be used efficiently, 

as it helps to eliminate the small irregularities from the result. We also tested the 

effect of applying more than four flow rates and basically negligible differences 

can be identified (see Figure 5), so it can be stated that the applied four flow rates 

are adequate to determine the final permeability values. With this approach we can 

slightly reduce the total measurement time without sacrificing perceptible degrada-

tion in accuracy. As can be seen from Figure 3, the r-squared values are very close 

to 1, which indicates that our regression model works well and only limited vari-

ance can be detected in the measurement. This was also reinforced by the applica-

tion of a pulsation dampener in the system that helps to reduce the shocks caused 

by the increase in flow rates. The results clearly show that at higher applied loads 

the permeabilities decrease as the slope of the corresponding lines decreases. This 

is in line with the literature and also it is intuitive, since at higher applied loads the 

proppant pack is more compressed, so smaller channels are available for the fluids 
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to flow through and thus the differential pressure will increase; based on Equation 

(1), with increasing ΔP the permeability values should decrease proportionally. 

 

 
Figure 3. Determination of permeabilities at different closure stresses 

 

By adding together, the permeabilities calculated from the presented slopes, the 

final permeabilty vs. closure stress graph can be determined. As data were regis-

tered during the complete measurement process the variations can be determined 

from the maximum and minimum points at each closure stress (Figure 2). This is 

presented by a grey stripe in Figure 4, while the permeability values from the 4-

point measurements are shown with a red line. 

 

 
Figure 4. Result of 4-point measurements and the variance  

of permeabilities during the whole measurement 
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It has been previously stated that measurements can differ from each other despite 

the fact that the same circumstances are created. Based on the literature this vari-

ance is around 20% [1], which was confirmed by our results, although at the high-

est closure stresses the variance is +46%/–4%. This can be explained by the fact 

that at high closure stresses the proppant grains are crushed and the effect of em-

bedment is enhanced [2]. With the combination of these two effects a significant 

permeability performance decline can be identified at the early stages. These re-

sults are collected in Table 3. 

 

Table 3 

Results obtained during 4-point measurements and maximum and minimum per-

meabilities obtained during the whole measurement (with percentage deviations) 

Closure stress, psi 310 2,000 4,000 6,000 8,000 10,000 

Max. permeablity  

from average, Darcy 
616 596 575 476 387 275 

Difference, % 10 14 19 10 24 46 

Min. permeability  

from average, Darcy 
534 492 450 400 310 181 

Difference, % –5 –6 –7 –7 –1 –4 

4-point measurement 

permeability, Darcy 
559 521 483 432 312 189 

 

 

The ISO RP 19D standard specifies low flow rates during measurement to avoid 

the build-up of turbulent flows. In case of turbulent flow, it is necessary to correct 

the laboratory values with a non-Darcy coefficient [17]. In practice, this would oc-

cur in such a way that the points belonging to the higher flow rates in Figure 3 

would not fit properly after a given limit to the line but would have a slower slope 

[18]. During our measurement an experiment was conducted to investigate the ef-

fect of non-Darcy flow. For this reason, at the highest applied closure stress 

(10,000 psi) the flow rates were increased intermittently up to 50 ml/min. The clos-

ing stress of 10,000 psi was chosen because in this case the smallest channels are 

formed; thus, the appearance of non-Darcy flow is the most likely due to the higher 

Reynolds number [19]. Based on the equation proposed by Ergun in 1952 the 

Reynolds number region in this experiment is between 0.01 and 1 [20]. Results can 

be found in Figure 5. 

To be able to identify the turbulent effect two lines were interpolated inde-

pendently on the upper and lower part of the measurement points. The interpolated 

lines fit accurately on the points (each with a more than 0.999 r-squared value) and 

although the linear line fitted on the higher flow rates has a slightly lower slope, 

there is no significant difference between the slopes of the two interpolated lines. 

There is only a 2.7% difference between the slopes of the two fitted lines, so it can 

be stated that even at a volumetric flux of 0.541 cm/sec (that belongs to 50 ml/min 

of flow rate) no significant turbulent flow develops, which would justify the deter-



Modified approach for proppant conductivity measurement                         51 
 

 

 

mination and use of the non-Darcy component. Using this result, higher than rec-

ommended flow rates can be used in the future, which consequently generates a 

higher pressure difference and thus makes the detections more accurate and less 

sensitive to small pulsation fluctuations. 

 

 
Figure 5 

Experimental investigation of non-Darcy flow 

 

Since several studies suggest the application of long closure stresses (API RP 19D also 

specifies this), it was worth investigating in detail whether a significant change is in-

deed observed over time. The Figure 6 shows the absolute deviation of the calculated 

values over the entire measurement to the 4-point measurement permeabilities. 

Based on the values obtained for the nearly 8,500 measuring points, it cannot be 

clearly concluded that even the 24-hour closing stress we use is necessary. At the 

closing stresses of 4,000 psi and 8,000 psi it is clear that continuously decreasing 

permeability values were measured; however, the values at 6,000 psi show differ-

ent results. The results obtained at the 10,000 psi closing stress show that a signifi-

cant decrease in permeability occurs in the first period, but this cannot be observed 

in the later period. This is presumably caused by the high pressures as the proppant 

grains crush and deform. Because of the fragmentation of the proppant grains into 

smaller pieces, the permeability can decrease suddenly (smaller pieces block the 

channels) but after a relatively short time these fragments become arranged. 

In order to obtain a comparable result between our modified measurement and 

the results performed with the API RP 19D measurement, the technical data sheet 

of the tested proppant was compared with the values obtained by our measure-

ments. Figure 7 presents two acquired data series presented with different ap-

proaches, namely the results obtained by the 4-point measurement and results ob-

tained by averaging the permeability values over each loading time (Average of 

total measurement). 
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Figure 6 

Effect of time on the permeability 
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Figure 7 

Comparison of the permeabilities with the proppant’s technical data sheet 

 

It can be seen from the figure that although there is a visible difference between the 

obtained results and the values indicated in the technical data sheet, but the trends 

of the lines are similar and the variance is between the range that the literature 

mentions. Also, no notable difference exists between the results obtained by the 4-

point measurement and the average values recorded during the entire measurement. 

In this way the application of the 5-point measurement method proposed by the 

API RP19D is not necessarily essential to produce reliable results. The correlation 

coefficients and r-squared values are presented in Table 4. 

Table 4 

Statistical comparison of the two different evaluation methods compared to the 

permeability values indicated in the technical data sheet 

 Correlation coefficient, – r2, – 

4-point measurement 0.9975 0.995 

Average of total measurement 0.9979 0.996 

 

It has been found that there is a significant correlation between the obtained results 

and the results specified in the technical data sheet (where the data were obtained 

by the API RP 19D standard). This confirms that the modified measurement method 

can be used to test the permeability of resin-coated proppants. An interesting result 

is that the permeabilities calculated from the average of the whole measurement 

series provide a slightly better result, so both methods can be considered adequate. 

However, it is still suggested to use multi-point measurements since the measure-

ment error due to the nonlinearity of the devices (pressure transducer, A/D con-

verter, pump) can be eliminated.  

The proppants were loaded into the measuring cell as specified in the API RP 

19D standard. The goal is to achieve almost identical conditions with this method, 

but there is an obvious difference between the results obtained and the fracture 

widths calculated from the values specified in the technical data sheets. This can be 
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explained by the variation in the initial packing arrangement of the proppants [1]. 

The results can be seen in Figure 8. 

 

 
Figure 8 

Comparison of the fracture width with the proppant’s technical data sheet 
 

Table 5 

Statistical comparison of the two different evaluation method compared to the frac-

ture width values calculated from the technical data sheet 

 Correlation coefficient, - r2, - 

4-point measurement 0.9698 0.941 

Average of total measurement 0.9660 0.933 

 

Although there is a significant correlation between the obtained results with high r-

squared values, the differences can still be seen. The usage of the vibrational filling 

technique should be investigated in later studies to reach more accurate results. As 

the fracture width has a direct effect on the conductivity values (see Equation 2) it 

was assumed that the results will be slightly less accurate than in the case of per-

meabilities. This was confirmed by the results shown in Figure 9 and Table 6. 
 

 
Figure 9. Comparison of the conductivity with the proppant’s technical data sheet 
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Table 6 

Statistical comparison of the two different evaluation method compared to the con-

ductivity values indicated in the technical data sheet 

 Correlation coefficient, – r2, – 

4-point measurement 0.9974 0.995 

Average of total measurement 0.9977 0.995 

 

From the results it was found that the modified approach can be used within a 

suitable accuracy to determine the performance of different proppant packs. Also, 

no significant difference can be identified between the two offered evaluation 

methods. 

Due to the continuous data recording, it is possible to study the distribution of 

permeability data and create a histogram. Since most of the results are assumed to 

be around a certain value, it is possible to fit a Gaussian curve on the acquired his-

togram. Equation (4) was used for this purpose. 

 

   (4) 

 

In the first step, the permeability values were determined at the same intervals and 

the number of occurrences within each interval was determined. The histograms 

can then be plotted (Figure 10). Using Equation (4), a curve can be fitted to the 

histogram, and then the calculated and measured r-squared values can be maxim-

ized by changing the parameters. For this optimization, the general reduced gradi-

ent method (GRG) was used, which is one of the most popular optimization methods 

for nonlinear problems [21]. Here only the results are presented without the calcu-

lation steps. 

 

Figure 10. Distribution of permeability values during the entire measurement 



56                                       Patrik Pusztai – Péter János Koroncz 
 

 

 

The maximum of each function obtained gives the most likely accuracy of permea-

bilities. They can be determined by the derivative of the functions, but an easier 

way is that the b in the Equation (4) also determines the maximum value of the 

functions. Table 7 represents the results obtained from the Gauss distribution func-

tions and also from the other two proposed methods (4-point measurement, average 

of total measurements). 

Table 7 

Comparison of results based on Gaussian distribution 

Closure stresses, psi 4,000 6,000 8,000 10,000 

Gauss distribution, D 515 427 328 185 

4-point measurement, D 483 432 312 189 

Average of total measurement, D 509 429 328 191 

Technical data sheet, D 529 460 343 237 

 

The results obtained with each evaluation method are given in the table. The method 

based on the Gaussian distribution gives almost the same results as the other methods, 

especially the method based on the average of total measurement. Based on this, it 

is found that all of the methods can be applied with sufficient accuracy in the eval-

uation of proppant permeability results. 

 

4. SUMMARY 

The most important results from the study are summarized below: 

1) The modified measurement approach may be used to measure the permeability 

and thus the conductivity of resin-coated ceramic proppants within the accuracy 

that can be reached by the standard method. It should be mentioned that further 

experiments are necessary to validate the results; 

2) The applied method can be used to perform a series of measurements in less 

than half the time specified in the API RP 19D standard; 

3) Based on the obtained results, the applied temperature has no significant effect 

on the permeability of resin-coated ceramic proppants. Further measurements 

are required to confirm this statement; 

4) Volumetric flux can be increased up to 0.541 cm/sec without the occurrence of 

non-Darcy flow, resulting in higher pressure differences that are easier and 

more accurate to detect; 

5) There is no significant difference between the result of the proposed evaluation 

methods. The evaluation method of 4-point measurement, the average of total 

measurement, or the Gauss distribution method provides nearly the same results. 

 

The future plans of the research are summarized below: 

1) It is necessary to perform measurement with several types of proppant in order 

to present more statistically representative results; 



Modified approach for proppant conductivity measurement                         57 
 

 

 

2) Sensitivity analysis should be required to further reduce the measurement time 

without deteriorating the results; 

3) It is necessary to examine the modification of additional measurement parame-

ters (such as temperature, proppant loading, fluid type) in order to achieve val-

ues even closer to the results acquired with the API RP 19D standard method. 

 

ACKNOWLEDGEMENT 

The authors acknowledge funding from GEOCHEM Ltd. and Mecsekérc Plc. 

 

REFERENCES 

[1] Barree, R. D., Cox, S. A., Barree, V. L., Conway, M. W. (2003). Realistic 

Assessment of Proppant Pack Conductivity for Material Selection. Paper 

presented at the SPE Annual Technical Conference and Exhibition, Denver, 

Colorado, Society of Petroleum Engineers, SPE 84306-MS. 

https://doi.org/10.2118/84306-MS.  

[2] Liang, F., Sayed, M., Al-Muntasheri, G., Chang, F. F. (2015). Overview of 

Existing Proppant Technologies and Challenges. Paper presented at the SPE 

Middle East Oil & Gas Show and Conference, Manama, Bahrain, Society of 

Petroleum Engineers, SPE-172763-MS, https://doi.org/10.2118/172763-MS.  

[3] API RP 61 (1989). Recommended Practices for Evaluating Short Term Prop-

pant Pack Conductivity. Washington, DC, API. 

[4] Penny, G. S. (1987). An Evaluation of the Effects of Environmental Condi-

tions and Fracturing Fluids Upon the Long-Term Conductivity of Proppants. 

Paper presented at the SPE Annual Technical Conference and Exhibition, 

Dallas, Texas, Society of Petroleum Engineers, SPE-16900-MS. 

https://doi.org/10.2118/16900-MS.  

[5] ISO 13503-5:2006: E (2006). Procedures for measuring the long-term con-

ductivity of proppants. Petroleum and natural gas industries – Completion 

fluids and materials – Part 5, Geneva, Switzerland, ISO. 

[6] API RP 19D (2008). Measuring the Long-Term Conductivity of Proppants. 

Washington, DC, API. 

[7] Richard, S., Schrader, S., Schrader, R., Ereaux, B. (2019). Improved Methods 

of Measuring Proppant Conductivity. Paper presented at the SPE Western 

Regional Meeting, San Jose, California, USA, Society of Petroleum Engi-

neers, SPE-195368-MS, https://doi.org/10.2118/195368-MS.  

[8] McDaniel, B. W. (1986). Conductivity Testing of Proppants at High Tempera-

ture. Paper presented at the SPE California Regional Meeting, Oakland, So-

ciety of Petroleum Engineers, SPE-15067-MS. 

https://doi.org/10.2118/15067-MS.  

https://doi.org/10.2118/84306-MS
https://doi.org/10.2118/172763-MS
https://doi.org/10.2118/16900-MS
https://doi.org/10.2118/195368-MS
https://doi.org/10.2118/15067-MS


58                                       Patrik Pusztai – Péter János Koroncz 
 

 

 

[9] Abhinav, M., Chandra, S. R., Sondergeld, C. H. (2018). Proppant-

Conductivity Testing Under Simulated Reservoir Conditions: Impact of 

Crushing, Embedment, and Diagenesis on Long-Term Production in Shales. 

SPE Journal, Volume 23, Issue 04, pp. 1304–1315, Society of Petroleum 

Engineers, SPE-191124-PA, https://doi.org/10.2118/191124-PA.  

[10] Palisch, T. T., Duenckel, J. R., Chapman, M. A., Woolfolk, S., Vincent, M. 

C. (2010). How To Use and Misuse Proppant Crush Tests: Exposing the Top 

10 Myths. SPE Production & Operation, Volume 25, Issue 3, pp. 345–354. 

https://doi.org/10.2118/119242-PA.  

[11] ISO 13503-2:2006: E (2006). Measurement of properties of proppants used 

in hydraulic fracturing and gravel-packing operations. Petroleum and natu-

ral gas industries – Completion fluids and materials – Part 2, Geneva, Switzer-

land, ISO. 

[12] McDaniel, B. W. (1987). Realistic Fracture Conductivities of Proppants as 

a Function of Reservoir Temperature. Paper presented at the SPE/DOE Joint 

Symposium on Low Permeability Reservoirs, Denver, Colorado, Society of 

Petroleum Engineers, SPE/DOE 16453, https://doi.org/10.2118/16453-MS.  

[13] Qingzhi, W., Schicheng, Z., Lei, W., Yongshan, L., Xianping, L. (2007). The 

effect of proppant embedment upon the long-term conductivity of fractures. 

Journal of Petroleum Science and Engineering, Volume 55, Issues 3–4, pp. 

221–227, https://doi.org/10.1016/j.petrol.2006.08.010.  

[14] Much, M. G., Penny, G. S. (1987). Long-term Performance of Proppants Un-

der Stimulated Reservoir Conditions. Paper presented at the SPE/DOE Joint 

Symposium on Low Permeability Reservoirs, Denver, Colorado, Society of 

Petroleum Engineers, SPE-16415-MS, https://doi.org/10.2118/16415-MS.  

[15] Ramlan, A. S., Zin, R. M., Bakar, N. F. A., Othman, N. H. (2021). Recent 

progress on proppant laboratory testing method: Characterisation. Journal of 

Petroleum Science and Engineering, Volume 205. 

https://doi.org/10.1016/j.petrol.2021.108871.  

[16] Blair, K. (2015). Modifying Fracture Conductivity Testing Procedures. Mon-

tana Tech of the University of Montana, Graduate Theses & Non-Theses, Pa-

per 60. 

[17] Forchheimer, P. (1901). Wasserbewegung durch Boden, Zeitschrift des 

Vereins deutscher, Ing. 45. 

[18] Milton-Tayler, D. (1993). Realistic Fracture Conductivities of Propped Hy-

draulic Fractures. Paper presented at the SPE Annual Technical Conference 

and Exhibition, Houston, Texas, Society of Petroleum Engineers, SPE-

26602-MS, https://doi.org/10.2118/26602-MS.  

https://doi.org/10.2118/191124-PA
https://doi.org/10.2118/119242-PA
https://doi.org/10.2118/16453-MS
https://doi.org/10.1016/j.petrol.2006.08.010
https://doi.org/10.2118/16415-MS
https://doi.org/10.1016/j.petrol.2021.108871
https://doi.org/10.2118/26602-MS


Modified approach for proppant conductivity measurement                         59 
 

 

 

[19] Reynolds, O. (1883). An experimental investigation of the circumstances 

which determine whether the motion of water shall be direct or sinuous, and 

of the law of resistance in parallel channels. Philosophical Transactions of 

the Royal Society, pp. 935–982, https://doi.org/10.1098/rstl.1883.0029.  

[20] Ergun, S. (1952). Fluid flow through packed columns. Chemical Engineer-

ing Progress, 48, pp. 89–94. 

[21] Chapra, S., Canale, R. (2009). Numerical Methods for Engineers. 6th edi-

tion, McGraw-Hill, New York, NY. 

[22] Füvesi V., Vörös Cs., Bölkény I., Jobbik A., Fedor F., Hlatki M. (2015). 

Geotermikus kutak kiképzésének vizsgálatára alkalmas laboratóriumi beren-

dezések és mérési módszerek fejlesztése. Műszaki Földtudományi Közlemé-

nyek, Volume 85, Issue 1, pp. 48–54. 

 

https://doi.org/10.1098/rstl.1883.0029

