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SPECIAL NOTES

API publications necessarily address problems of a general nature. With respect to par-
ticular circumstances, local, state, and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or
federal laws.

Information concerning safety and health risks and proper precautions with respect to
particular materials and conditions should be obtained from the employer, the manufac-
turer or supplier of that material, or the material safety data sheet.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or
product covered by letters patent. Neither should anything contained in the publication be
construed as insuring anyone against liability for infringement of letters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least ev-
ery five years. Sometimes a one-time extension of up to two years will be added to this re-
view cycle. This publication will no longer be in effect five years after its publication date
as an operative API standard or, where an extension has been granted, upon republication.
Status of the publication can be ascertained from the API Authoring Department [telephone
(202) 682-8000]. A catalog of API publications and materials is published annually and
updated quarterly by API, 1220 L Street, N.-W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appro-
priate notification and participation in the developmental process and is designated as an
API standard. Questions concerning the interpretation of the content of this standard or
comments and questions concerning the procedures under which this standard was devel-
oped should be directed in writing to the director of the Exploration and Production De-
partment, American Petroleum Institute, 1220 L Street, N.-W., Washington, D.C. 20005.
Requests for permission to reproduce or translate all or any part of the material published
herein should also be addressed to the director.

API publications may be used by anyone desiring to do so. Every effort has been made
by the Institute to ensure the accuracy and reliability of the data contained in them; how-
ever, the Institute makes no representation, warranty, or guarantee in connection with this
publication and hereby expressly disclaims any liability or responsibility for loss or dam-
age resulting from its use or for the violation of any federal, state, or municipal regulation
with which this publication may conflict.

API standards are published to facilitate the broad availability of proven, sound engineer-
ing and operating practices. These standards are not intended to obviate the need for apply-
ing sound engineering judgment regarding when and where these standards should be utilized.
The formulation and publication of API standards is not intended in any way to inhibit any-
one from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an API standard is solely responsible for complying with all the applicable
requirements of that standard. API does not represent, warrant, or guarantee that such prod-
ucts do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system,
or transmitted by any means, electronic, mechanical, photocopying, recording, or other-
wise, without prior written permission from the publisher. Contact API Publications
Manager, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 1995 American Petroleum Institute
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FOREWORD

These recommended practices were prepared by the Task Group on Evaluation of Hy-
dravlic Fracturing Sand under the AP] Subcommifiee on Evaluation of Well Completion
Materals, They have been reviewed for content and accurasy by the Subcommittes on Eval-
uation of Well Completion Materials and by the APl Executive Committes on Drilling and
Production Practices, This publication is under jurisdiction of the Executive Committes oo
Drilling and Production Practices, American Petroleam Instifote’s Exploration and Pro-
duction Depantment.

The tests recommended herein have besn developed to improve the quality of frac sand
deliversd to the well site. They are for use in evaluating certain physical propertes of sand
used in hydraulic fractering operations. These sugpested tests will ensble sers 10 compare
the physical characteristics of various sends tested umder the deseribed conditions and o
select maserials most nseful for application in hydraalic fracturing operations.

The recommendations presented in this pablication are not intended 0 inhibit the de-
velopment of new ischoology, materials improvements, or improved operational proce-
dures, Qualified engineering analysis and judgment will be required for their application
to fit a specific siiuation,

APl publications may be used by used by anyone desiring todo so. Every effort has been
made by the Insiitole i ensure (he sccuracy and relisbility of the data contained in them;
bowever, the Instinte makes no representalion, Warranty, of guarames in connection with
this publication and hereby expressly disclaims any lisbility or responsibility for loss or
damape resalting from its wse or for the violation of any federal, state, or municipal regu-
lation with which this publication may conflict.

Suggested revizions are invited and should be submitted to the direstor of the Explo-
ration and Production Department, American Petrol ewm Institute, 1220 L Street, N.W,,
Washington, D.C. 20005,

Cammsy:provicad £y 01D LR iS5 Duseru i S TL0S as= S0 AsL
AT LS Chaleld MDT Dusrteay wriorrays i3t mesagy fane ool
e Doourert Foeoy Muragemend Grapas 10004241284
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Recommended Practices for Testing Sand Used
in Hydraulic Fracturing Operations

1 Scope

The objective of these recommended practices is to pro-
vide control of frac sand quality at the well site. As a first
step in accomplishing this objective, the recommended tests
should be applied ot the basic point of supply where quality
contro] is first exercised,

2 References

2.1 STANDARDS
Unless otherwise specified, the most recent editions of re-
visions of the following standards shall, to the exient speci-
fied herein, form a part of this standard,
ASTM!
E 11-95 Speclficarions for Wire-Clorh Sieves for Testing
FPurpases

2.2 OTHER REFERENCES

Erumbein, W.C. and Sloss, LL., Stratigraphy and Sedi-
mentation, Second Edition, 1963, W.N, Freeman
and Co., Mew Yok, NY.

3 Recommended Sand Sampling
Procedure

31 DESCRIPTION

The sampling procedure should provide a representative
sample of the frac sand supplied by the sand supplier to the
servioe company or by the service company io the oser. This
sample is to be compiled from a flowing siream of sand as
opposed to material sampled at rest,

3.2 EQUIPMENT

The following equipment should be used to comple rep-
resentative sand samples and conduoct physical tesis:
o Box sampling device approximately ® inches < 6 inches
% 4 inches with a 'f2.inch opening. Refer to Figure 1.
b. Sample reducer (of appropriste size for handling sack-size
samples and reducing in one pass to Y15 original weight). Re-
fer to Figure 2.

PASTM, 108 Bar Harbor Drive, West Conshobocken, Pennsy brmia 1 3428-

1050,

. Sample splitter of appropriste size. Befer to Figure 3,

d. et of recenty calibrated sieves, complying with require-
mends of the 7.5 A. Sieve Series, 3-inch diameter. Refer to
ASTM E 11.95; Specifications for Wire-Clath Sieves for Tesr-
ing Purposes. Befer to Figure 4,

e. Testing sieve shaker. Refer to Figure 4,

£ Scale {minimum of 100 gram capacity with precision of
(.1 gram or better).

3.3 NUMBER OF REQUIRED SAMPLES

A minimum of nine samples per rail car load and three
samples per tmock load should be obtained. combined, and
tesied. For material sampled af the frecturing job site, 2 min-
imom of five samples shoold be obtrined per 100,
pounds of sand or fraction thereof. These on=site samples
should be combined and used as a single sample for subse-

quent teshing operations.
3.4 SAMPLING

The sampling device, with its longitudinal axis perpens-
dicular to the flowing sand stream, should be passed at a umnis
form vk From side to side through the foll stream widih of
moving sand a5 the sand falls from a conveyor belt into
blender, truck, or rail car. Sand should be allowed to flow for
at lenst 2 mintes after indtial flow prior to taking the first
sample. Several samples should be extractad at approxi-
mately uniform intervals through the bady of sand to ensune
a representative sample for analysis, The number of samples
taken should comply with the requirements of 3.3, Duning
sampling, the sampling recepiacle should be swung com-
pletely across the moving sand strcam in a brief interval of
tirme 50 &5 0o take all of the stream part of the time. Under no
circumstances should the sampling recepiacle be allowed to
overflow.

4 Recommended Sand Samples
Handling and Storage

4.1 SAMPFLE REDUCTION [SACKED MATERIAL)

Place the contents of an entire sack of frac sand (approx-
imately 100 pounds} in the sample redwcer {refer o Figure
2, Obizin a reduced sample of approximaiely & pounds (ap-
proximately 'f1s of the original weight of the total sack’s
COnlEns ).
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C—5lda View

Figure 1—Example Box Sampling Device

42 SAMPLE SPLITTING

Place the reduced sand sample in the sample splitter {re-
fier o Figure 3} and split the sample 1o a suitable testing size.
Sufficient sand sample should be split to permit performing
recommendsd tests under all sections of this document. Use
of an appropriately sized sample reducer and sample splitter
b permmit samples to be prepared for testing is an eszential
step in the recommended procedares,

4.3. SAMPLE RETENTION AND STORAGE

The basic sand prodecer should malmain writlen records
of tes1z conducied on each shipment for 1 vear. Physical
samples of an amount sufficient to conduct all tests recom-
mended herein, but in no case less than 250 grams, should
be retained in storage for 2 months for bulk domestic
shipments. 6 months for sacked domestic shipments, and 12
maths for inemationsl shipments, Copies of st results and

samples should be furnished by the sand producer, on re-
Gueskl, (0 uSeT companies.

& Recommended Frac Sand Sieve
Analysis

5.1 SIEVE ANALYSIS

Stack six recently calibrated U5 A, Sieves plus 2 pan in
a nest of decreasing sieve openings from top to bottom (re-
fier 10 Table 1 for recommended sieves used in testing desig-
naved sand sizes). Obtain a split sample of approximately
1M} grams amd establish an accurate sample weight to within
(.1 gram. Pour the split sample onto the top sieve and place
the nest of six sieves plus pan in a Ro-Tap testing sieve
shaker (or equivalent) and sieve for 10 minnes. Bemove and
unload each sieve, being cenain o brish each sieve thor-
oagihly with the sieve manufaciurer’s recommended brosh to
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Figure 2—Example Sample Reducer Equipment
Phoso courtesy of 'W.5. Trler, Inc., Subsidiary of Combustion Engineering, bc.. Menor, Clio 44060,
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A—Larger Sample Spditar
Flgure 3—Example Sample Spliter Equipment

remove all sand grains. Establich an accurste weight of sand
retaned on each of the six sieves and in the pan, Calculabe
the. percent by weight of the total sand sample retained on
each sieve and in the pan. The cumalative weight should be
within 0.5 percent of the sample weight weed in the test, If
nod; the sieve analysis must be repeated vsing a different

sample.

52 RECOMMENDED SAND SIZE

A minimom of %) percent of the ested sand sample
should fall berween the designating sieve sizes, that is, 6712,
V220, 0740, ete. Not over 0] percent of the total tested
sand samphe should be larper tham the first sieve size and oot
over 1.4} percent should be smaller than the last sieve size {re-
fer 1o Table 1).

6 Frac Sand Sphericity and Roundness

6.1 GENERAL

Mumerous methods have been published 1o measure and
repaort sand geain shapes and gecmetric identites. Some in-
volve tedious measurements; others requaire visual compar-

B—Smallar Sampls Splltier

isons. All requoire some skill and judgment oo the part of the
technician. The commen grain shape parameters that have
been foond to be nseful for vispally evaheating frac sand are
results are obtained with these tegts when roondness and
sphericity are determined in separate reading sats,

62 SPHERICITY

Particle sphericiry is a measure of how closely a sand par-
ticle or grain approaches ihe shape of a sphere. The most
widely wsed method of determining sphericity is with a vi-
sl comparator, Krumbein and Sloss (1963)° developed a
chart for use in the visual estimation of sphericity and round-
ness (refer to Figure 5). A sand sample shoold be evaluated
for sphericity by randomly selecting 20 or more graing for
examination. These graing should be viewed through a 10-
o 20-power microscepe or examined by photomdcrograph
of suitable enlargement {refer to 6.6.3), Sphericity of sach
grain should be determined and reconded, and an average
sphericity obtained for the sample.

HTM-I'AEFHPB_F angd Sedimanarion, Seoond Bditson, 1963, publisied by
W. H. Freeman & Co,, Mew York, NY,
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-ﬂ.- ol e s S )

Figure &—Testing Sieve Shaker and Nest of Six LS A Sieves Plus Pan
Photo courtesy of W.3, Tyler, Ine., Subsidiary of Combustion Enginesring, Inc., Menboe, (o 44060,

6.3 HROUNDMESS

Grain roundness iz a measere of the relative sharpness of
grain cormers, of of grain curvature, Evaluation of sand grain
roundness shoald be made on the same sample as that used
for the sphericity determination. Roondness of each grain
should be determined, recorded, and an sverage roondpess
obtained for the sample.

64 RECOMMEMNDED SPHERICITY AND
ROUNDNESS

Frac sand should have o sphericity of (L6 or grester and o
ronimdness of 0.6 or grealer,

6.5 SAND GHRAIN CLUSTERS

Frac sands should consist of sngle, wall-rounded quarz
sand graine, Examination of a representative sample should
be conducted at low magnifcation (10X 10 2030, The sand
shounld not be considered suitable if it contains 1 percent of
more by count of clusters of multiple sand grains,

6.5 ALTERMATE METHOD FOR DETERMINING
AVERAGE SPHERICITY AND ROUNDNESS
6.6.1 Use of Photomicrographs

Photomicrographs of a representative frac sand sample
may be wied to provide identical suitably enlorged repro-
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ductions fior use to obtain the average sphericity and round-
ness for the sand sample.

6.6.2 Preparation of Photomicrographs

A scanning electron micrescope (SEM) or reflected light
microscope can be successfully used to produce suitable
photomicrographs. Using a representative split sample of
frac sand, place a monolayer of sand grains on a flat, resilient
surface. Prepare a specimen mount using double adhesive
tape and press the mount w0 the sample o affix a mopolayer
of sand graing, Follow standard equipment procedures for
coating, magnifying, und photegraphing the sand sample.
6.6.3 Recommended Magnification for Sand

Slzes

For designated sand sizes, the following magnificaton iz
sugpested:

Phodcascrograph
Smd Sizes Mugnification
&12, Brl6, 1230 15X
1630, DO K
5D, 4070, Tv140 40K

The resulting photomicrograph should be cropped to leave
20-25 whole sand graing in the viewing area and reproduced
HE NECESSATY.

6.6.4 Determination of Sand Sphericity

Using the photormicrograph from €,6,3 and the viseal
comparatar chart (refer (o Figore 5), determine and recond
the sphericity of all sand grains within the photomicrograph.
Uszing this information, determine the average sphericity for
the sand sample. Refer to &.4 for frac sand sphericity rec-
ommendations,

6.55 Determination of Sand Roundness

Using the photomicrograph from 6.6.3 and the visual
comparator chart (refer to Figure 5), determine and record
the roundness of all sand grains within the photomicrograph.,
Using this information, determine the average ronndness for
the sand sample. Refer 1o 6.4 for frec sand roundness rec-
omamendations.

T Evaluation of Sand Solubility in Acid

7.1 DESCRIFTION

The solubility of 2 sand in 12-3 hydrochloric-hydrofluo-
ric acid (HCL-HF) (thai is, 12 percent by weight of HC] and
3 percent by weight of HF) is an indication of the amount of
undeszirable coniaminants (for example, carbonates, feld-
spars, iron oxides, clays) present in the sand.

7.2 ACID SOLUBILITY TEST EQUIPMENT AND
MATERIALS

The following equipment and materials are needed to
comduct solubility tests on sand samples:

&, Hydrochloric acid (HCI), concentrated. Reagent grade of
known concentration.

b, Ammoninm biflooride (NH,HF,) of at least 98 percent
puriry s required. A hydroflueric acid (HF) solotion may be
used but is somewhat more hazardons.

c. Balance, | milligram accuracy.

d. Water bath, &5.6°C (150°F).

¢. Oven, 105°C (2Z1°F).

f. Besker or jar, 150200 milliliter capacily, polyethylens
or polypropylene.

g. Graduated cylinder or volumetric flask, 1000 milliliter ca-
pacity, polyethylene or polypropylene.

Table 1—Recognized Frac Sand Sizes

Sieve Opening Sizes £l a0y 170 1130 AS0Y O 41y el )
(i crCemeters ) 1700 Li®d ESO &0 415 300 202 106
Frac Sxad Sise b L] ] h & k N L]
Erﬁm W12 /14 1220 LHY 240 50 0 TV
Mcst of 4 a £ 12 L& 20 0 50
LS. A, Shevest ] ] 12 13 ] 30 40 T
Eecocnmended g 17 15 i) 30 40 50 100
for Testimg (1] 14 15 23 35 45 [0 13
11 L& ot Hp 4l &0 T 140
14 il m 40 50 bl K i
Fan Pan Pan Pan Pan Pan Pan Pam
“Frimary Fro: Sand Size.
Paliernace Frac Sand Sz,

*LLS. A, Sizwe Serles as defimed in ASTM E 11-595
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Figure 5—Chart for Visual Estimation of Sphericity and Roundness

Fromn Seraigrapiy and Sedisserpmdon, Second Edibon, Krombein, W.C, ad Sloss, LL. Copyright £ 1951, 1963 by 'W.H. Freeman and Co., New York, M, Y,

All rghts resereed,

b Analytical fillering apparatus, The following are available
and vacuum filtering techniques may be used:
1. Coor's #27004 Gooch crucible with !is-inch-thick
pad of 40 or #42 Whatman acid-resistant filter paper cir-
cles (2, 1-centimeter diameter),
2. Gelman filter funnel #4204 using polysulfone filier
support #79032 and pad #61756 with Uie-inch-thick pad
of #42 Whatman acid-resistant filier paper circles (1.91-
centimeter diameter),
3. Cole-Pasmer #6607 filier crucible (by Bel Art) with
Hi-inch-thick pad of 042 Whatman acid-resistant filier
paper cirches {1.91-centimeter dinmeter].

T4 ACID SOLUBILITY TEST PROCEDURE

The following should be nsed to evaluate the solubility of
a represéntative sand sample in HCL-HF acid.
Hote: This procedure is gravimetric Innabre and a5 sech regpanes smic pro-
vedires and good lshoriory rechnlque bo provide reprociacibiling. Ripre-
semindive semed samgles s be taken fimm the Samghe splines fmioe (0 sieve
analysts, Samples showld nod be subjected vo the eresh resislance best or
gromicd prior g0 the acad solubilkry amalyeds, ol raher the amalyss musl be
perdormet on e unalversd whobe-grain sand.
731 Prepare a solution of 12-3 HCL-HF acid [specific
gravity = 1.08 at 15.6°C {60°F)]. Two examples for prepa-
ratiom of JOO0 milliliters of 12-3 HCI-HF are:

o Using ammssnum biftuoride (NHHF,).
1. T 500 millilirers of distilled water contained in 3
polvethylene or polypropylene 1000-milliliver graduated
cylinder or velumeric flask, add 46,23 grams of pure
MNHHF; and dissolve, Actual weight of NHHF, of less
than 100 percent purity o be added is equal w 46,23
grams divided by NH HF, purity, in weight fraction,
2. Add 361 milliliters of 37 percent hydrochloric acid
(HCI) [specific gravity = 1.19.at 15.6°C {60°F)].
3. Diluote to 1M milliliters with distilled wases.
4. Stir i onsure complete mixing.

b Using 52 percent hydrofluoric acid (HF).
1. To 500 milliliters of distilled water contained in &
polyethylene or polypropylene 1000-milliliter groduated
eylinder or volometric flask, add 54 milliliters of 52 per-
cent HF [specific gravity = 1.18 at 20°C (68°F)).
2. Add 293 milliliters 37 percent HCI [specific
gravity = 1.19 & 15.6°C (60°F)].
3. Drlute to 1000 milliliters with distilled water.
4. Sfir o emsure complete mixing.

732 Weigh 5 grams of sand to the nearest mdlkigrom nto
a tared sample pan. The sand should be dried at 105°C
{221°F} to a canstant weight and coolad in o desiceator,
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T.2.3 Toa 150-milliliter polyethvlene beaker (jar) con-
tining 100 milliliters of the acid sohetion from 7.3.1, add the
sand sample. The acid and the sample should be at room
temperature (22°C * 3*Cor T2°F £ 5°F)

T34 Place beaker (jar) In a 65.6"C (150°F) waner bath for
a minimom of 30 minotes and a maximom of 35 mitutes.
Do not stir. Be careful not to allow contamination of the

sample.

7.3.5 Prepare the filiering apparans by adding a Yie-inch-
thick pad of #42 Whaiman filter paper io the crucible or fil-
ter funmel, Diry the fonnel i an oven an 105°C (221°F) for at
least 1 howor of 1o constant weight, welgh, and record the
weight, The filier should not be weighed hot bat allowed to
¢ool in a desiccator.

736 Transfer the sand and acid mixture from the beaker
(refer to 7.3.4) to the filtering apparatus (refer to 7.3.5). Fil-
ler the sample throagh the preweighed filter crocible (fun-
nel) being sure to transfer all particles from the beaker (jar)
o the filter. Vacoum filtering techniques may be used to
specd this siep.

TA.T Wash the sand in the filtering apparatus three times
with 2)-milliliter porticns of distilled water.

7.3.8 Dry the filter and retsined sand sample at 105°C
(2Z1°F) for o minimum of 1 hour or until constant weight is
obtained. Cool the filter and sample in a desiccator before
weighing, Weigh filter containing sand and record the
weight,

739 Calculate and report percent sand solubility using
the following equation:

(Wil
Where:

sand solubility, weight percent
= sand weight, grams (refer to 7.3.2)
weight of filter, grams {refer 1o 7.3,5)

weight of filter containing sand, grams (refer o
T1.3.8)

':.:E ‘\--; .'q A
n

74 RECOMMENDED MAXIMUM ACID
SOLUBILITY

The scid-seluble material in frac samnd should not exceed
the values shown im Table 2,

Table 2—Racommended Maximum Acid
Soluble Material Contant in Frac Sand

Sand Size Moo mumn Solubility
{mash) (el porcent )
&2 thremgh 30630 0
AVT0 Baroagh TWE40 1h

—

8 Recommended Silt Test

B.1 METHOD I: TURBIDITY MEASUREMENT
QF SILT- AND CLAY-SIZE PARTICULATE
MATTER

B.1.1  introduction

Tarbadity in water is the result of suspended clay, silt, or
finely divided inorganic maer being present. Frac sand sam-
ples can be placed in distilled water and the wrbidity of the
resulting liguid measared. Propedy wathed and processed
frac samd will pass the torbidity test described balow.

8.1.2 Turbidity Measurement, Genaral

Turbadity tests measure an optical propenty of & suspen-
saon that results from the scattering and absorbing of light by
the particulate mamer present. The amount of turbidity reg-
istered is dependent on such variables as size, shape, and re-
fractive: indices of the particles, No direct relationship exists
between the tarbidity of a sample and the weight concentra-
tion of particulste matier present thersin,

8.13 Turbidity Calibration

Turbidity calibrativns were orginally based on the Jack-
son candle turbidimeter, with results expressed in Jackson
Turbidary Undis {JTU). Since the Jackson candle morbidime-
ter lacks sensitvicy in the 1ow wrbidity range, below 25 JTU,
the meter scale calibrations have been hased on a uniform
milky polymer, formazin, that allows accurate calibrations
over & wide eange. The results are expressed as Formazin
Turbickity Units (FTL) and are equivalent to JITU. Suitshbe

for wse in this procedure are the Spec-
tronic Mini 20, Basgch and Lomb Spectrometer X0, Perkin
Elmer Coleman Maodel 35, Hach Model 21004, or equiva-
lemt.

8.1.4 Preparation of Formazin Solution

Prepare a milky white suspension of formazin polymer
for wse a5 the wrbidity reference standard for conversion of
percent ransmittance (instrument reading) i FTU, A stock
formazin suspension that can be dluted to provide a serbes
of standard solutions covering a range of turbidity values
should be prepared as follows:

2. Diszolve 1,0 gram of hydrazine solfate in deminemlized
water and dilwie o the mark in a 100-milliliter volumetric
fask.

b. Dissolve 10.0 grams of hexamethylenetetramine in de-
mintralized water and diluie to (he magk in a2 [(K-milliliter
volumestric flask.

e. Transfier 5.0 milliliters of each solution prepared in sieps
a. and b, o 8 L00-milliliter volememic flask and mix and al-
low to stand undismerbed For 24 hoars at 23°C (=253%C) or

__TTF(=5°F).
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d, Use demineralized water to dilute the mixtore from step
€. b the mark in a 100-milliliter fask and mix. The norbidity
of this standard stock selution is 40 FTU, The twrbidity of
a standard selution prepared by dilwion of this stock sus-
pension is propomiooal w the formazin concentration. For
exarple, the turbidity of a standard solation prepared by di-
luating S0 milliliters of the 400 FTU stock suspension to 100
milliliters is defined as 30 FTT,

e. The standard stock solution prepared in step d. should be
prepared monthly, Dilutions vsed for standard solotions
should be prepared fresh daoily.

8.1.6 Equipment Calibration Procedura

The procedore presented herein is general in nature.
Testers should check equipment specification manuals fos

specific and approprize calibration procedure details.
§n.1 5.1 Adijost instrument.

‘n, Adjust the wave length control to 450 nanometers.

ib. Place the opaque rod in the sample compartment and
scheck the zero adjostment.

. Place a vial containing clear, colorless, turbidity-free wa-
‘ter in the sample compartment and adjust the full-scale con-

trol o give & meter reading of exactly 100 percent
LTS mi DAmee.

B.1.6.2 Prepare a chart to convert percent transmittance
(%Th w FI.

& Dilute stock suspension from ¥.1.4 to make several stan-
dard solutions of known torbidity.

b. For each, place a test vial containing the standard solu-
ton i the sample compartment and read the percent trans-
ELAnGE,

c. Plot turbidity (FTU) versus percent transmittance (5T,

8.1.6 Frac Sand Turbidity Measurement

Prepare o sample for tarbidity measurement of frac sand
as Follaws:

i Measure 20 milliliters of dry sand sample and mix with
100 milliliters of demineralized water in a S-ounce, wide-
mouih botile. Allow fo stand for 30 minmes,

b. Shake vigorously by hand for approximately 45-80
shakes in 30 seconds (do not shear in 2 mechanical mixer).
Allow o stand for 5 minutes,

¢, Using a syringe, extract 25 milliliters of water-silt sus-
pension from near the center of the water volume,

d. Place the water-silt suspension in the test vial and place
in the: instrument previowsly calibrated according to 8.1.5.
. Determine the sample torbidity in FTU.

8.1.7 Suggested Maximum Frac Sand Turbidity
The tuebidity of tested fruc sand should ke 250 FTU or

less.

8.2 METHOD H: FIELD ON-SITE TURBIDITY
TEST

B2.1 Purpose

This test may be used o determine the cleanliness of frac
sand at the field location using a mindmumn of equipment and
readily adaptable procedures, The est can be accomplished
by corefully observing the cloudiness of the water phase of &
mixvtare of frac sand and water. The procedure wses 8 marked
prescription bottle containing a specified amount of sand
sample and water. The 21 provides a “go, no-go™ answer, IT
the water phase i35 clear enough (0 read an identification la-
hel on the bodde, the sand should be considered clean and
sultable for vse. However, iF the water phase is clondy
enough to prevent distingushing the identification label on
ihe boatle, the =and should be considered dirty and unsuit-
able for use,

822 Equipment and Materials

The following equipment and materials are necessary for
conducting this turbidity est:
& Frac sand sample,
b, Turbidity-free water (distilled water, if available).
¢, Four-gunce, clear-glass prescription bottle with cap clo-
suré (refer 1o Figure 6), calibrated to 100 milliliters in 10-
milliliter increments.
d. Black felt tip marking pen.
e, Small funnel.

823 Test Procedure

8231 Uzing a feli tip marking pen, record the sample
identification in characters approximaiely U inch high on
the flat side of a sample prescription bottle,

Figure 6—Example Prescription Bottle
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8.2.3.2 With the fonnel inserted in the prescription bottle,
carefully fill the botthe (o the 20-mdlliliter mark with the sand
sample. Gently tap and level the sand and add sand to
achieve the 20-milliliter mark, but de not £l above the 20-
milliliter lewel. It is extremely imporiant to wse the proper
sample size and care should be exercized in this step,

Miowe: 20 nilliliters of sand weighs sppeosimetely 40 grams,

B.233 Add rurbidity-free water (distilled water, if avail-
able) to the 100-milliliter mark on the bottle.

8.2.3.4 Cap the botle and shake vigorously for 10 sec-
onds.

8:2.35 Hold the bottle at arm’s length toward & moderate
light source, for example, an outside window or the horizon
on & clear, bright day. Do not face the sun direcily. The flat
side of the bottle, with the sample identification mformation
thereon, should be faced ioward the light source,

82.4 Interpretation of Test Results

a, If the sample identification information can be read
throuigh the water phase, the sand should be judged clean and
suitabbe for use,

b. If the sample identification information is not legible, the
sand should be judged dirty and unsuitable for use.

c. If the sample identification information can be read but
with difficulty, let the sample stand for 10 minutes and re-
peat operations peescribed in 823 4 and 8235 If now leg-
ible, the gand should be judged clean and suitable for wse.
However, if the sample identification information cannot be
read, additional material was dispersed by the longer expo-
sure time and the sand should be judged dirty and unsuitable
for use.

8.3 METHOD li: CENTRIFUGAL MEASUREMENT
OF CLAY AND SOFT PARTICLE CONTENT

B.3.1 Procedura

The clay and sofi particle content of frac sand shoubd be
determined by washing 10 milliliters of the frac sand sam-
Plz in & total volume of 3 milliliters of distilled water. The
10-prilliliser sand sample should be placed in a 3)-milliliter
graduated centrifuge tebe and washed by adding 10-15
milliliters of the disdlled water and hand shaking the sand-
wiler mixture for 30 seconds. The wash water should be
carefolly decanted into a second graduated centrifupe tubes.
The sand sample washing procedurs should be repeated un-
til the total 50 milliliters of distilled water is nsed. The 50-
milliliter sample of collecied wash water should be
centrifuged for 10 mimtes, using a centrifuge capable of op-
erafing ar 3000 { =) revolutions per minute and supply-
ing a cendrifugal force of 1500 { =100} gravity ((i). The clay
and soft particle convient in the bottom of the centrifuge tube
ghould be noted and recorded. One milliliter of s2diment in

the centrifioge tubs is equal to 10 percent clay and soft parti-
cle content; (1.5 milliliters is equoal to 5 percent clay and soft
particle coment, atc.

8.3.2 Suggested Maximum Frac Sand Clay and
Soft Particle Content

Frac sand clay and soft particle content should mot excead
1 percend, for example, (.1 milliliters of sediment in a 10-
milliier sand sample,

9 Recommended Frac Sand Crush
Resistance Test

9.1 GEMERAL

Silica sand varies in composition and strength. The fol-
lowing test is useful for comparing the crosh resistance of
different samples of sand. The test 15 to be conducted using
& given volume of sand particles, all of which have been
sieved and found to be within the specified frac sand size

TEMEE.
9.2 EQUIPMENT AND MATERIALS

The following equipment and materials are necessary for
the recommended frac sand crush resistance est:
8. Frac sand sample.
b. Press capable of applying load required o accomplish the
stress levels specified in Table 3. The press must have platens
that can be maintained parallel during application of Lvad
for the cell, The press must be calibrated Ky ernzure thar siress
imedsHrements are aoowrale o within 5 percent, or an inde-
pendent, calibrated lond-measuring device should be used
when the I i5 applied 1o the cell
¢, Cell for zand crush resistance test as described in Figure
7. or equivalent. The piston length should be 3.5 inches re-
gandless of the diameter of the piston used in the call.
d. Pan and two U.S.A, Sieves of the mesh size opening for
the specified sand size range, for examphe, the No. 20 and
MNo. 40 sieves for use with a 20/40 sand; the No. 12 and No,
N0 sieves for nse with a 12020 sand.
¢. Balance for weighing sand sample to 0. 1-gram tolerance,
f. Ro-Tap testing sieve shaker, or equivalent.

8.3 RECOMMENDED TEST PROCEDURE

8.3.1  Seack the two 1,5, A. Sieves and pan, with the larger
sleve opening size o0 10p, and pour a sufficient quantity of
gplit frac sand sample on the 1op sieve o provide in the test
cell {refer to Figure 7) a concentration of 4 poonds per
square foot of the mesh size specified for the sample belng
tested (for example, a 2-inch inside diameter test cell re-
qpuires a 20-gram sample), For 22 cell inzide diameters other
than 2 inches, equation (1) should be vsed 1o deermine the
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appropriate quantity of sand o be placed in the st cell,
Flace the sigves in a Ro-Tap testing sieve shaker {or equiva-
lent) and sieve for 10 minues.
F
W= amn(%) o
Where:

W= weighi of split frac sand sample, prams
d = inside diameter of test cell, inches

8.3.2 Discard all of the sieved sand sample material ex-
cepl that remaining on the lower screen,

833 Place the sieved sand (obtained under 9.3, 1) equiva-
lend to 4 poamdds per square foor (weighed (o the nearest 0.1
gram) in the 1est cell (for example, a Z-inch inside diameter
test cell regquires a 40-gram sand sample). Pour the sand sam-
ple into the st cell, constantly moving the source of the
sand to keep the surface in the cell as level as possible,

834 Level the surface of the sand in the cell. This is 1o be
done by inserting the piston in the cell and, without apply-
ing any force, rdating the piston 180 deprees (in one direc-
tion enlyl

Mote: To esmare uniformity n levehng the sisrface af the sand m the cell,
The: planom Bengri alaoasdd B 3.5 inches

Table 3—5Stress to Be Applied and Suggested Maxi-
mum Fings for Frac Sand Crush Resistance Tests

Load on JAress on Suggesied
Mdesh Cells Sond s imum Fines
Size {ih force) ipsil % hy weight)
&2 fi, 283 20040 H
&6 fi, 283 2,1 12
e WA /M) [[:]
et 0,424 3,0 14
PR 12,550 BRI LI 4
WA 12,550 BRI L]
HWT 15,708 RRLLE ]
M4 15,78 RRLLL L]

hdone: Indicaied loads grg Mor ¢ellz with 4 Z-inch diameler piston. For

cellz of other sizes, the cell load should be sdjusted by the Tacies
|{ dimeser of e2ll, in, :|=
|

Faor example, & 3-inch llim'iu.'-ll:-r oill. loads shown in Table 3 should be

mvlipleed by 4 Tacior, (-]I-} = 2.25. Thus. » achieve o drews of TN
potinils per square inch megmines a lead of (6383 (2.25) = 14,137 pounds
Turca. Similarly, 3 et cell with a | S-inch diameter requires an applied
Roxad uf[%] = [5G malliplicil by the kad for a 2-inch dismeter cell,
et |5, (&2 {5625 = 3,534 ponnds Torce, To ensane arilonmicy im lev-

cling the semd surface, for ony plston diameler, the gasion kengns muost be
18 imches {pefer wo 934
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8.3.5 Without shaking or jarring the cell, place the cell
containing the piston 2nd sand sample In the press,

9.3.8 Apply the required load (dependent on the cell size
being used) to attain a stress comespanding 1o the siress pre-
scribed in Table 3 for the sand size being tesied, The cell -
load should be applied taking | minote to reach the pre- -
scribed level and that level should be held for 2 minutes. If
the recommended load is exceeded, the west should be
aborted. :

8.3.T Reduoce the load to 2ero and remove the cell from the
press. )

8,38 Stack the sieve with smaller openings on the pan (re-
fer to 9.3.1) and transfer the cell contents ondo the sieve us-
ing a small brush 10 ensure transfer of the sample and all
fines, Place the sieve and pan in a Ro-Tap testing sieve
shaker {or eguivalent) and sieve for 10 minutes.

9.3.9 Weigh to the nearest 0.1 gram the crushed material
collected in the pan from the sieve shaker. Calculate, as a
percentage, the weight of the crushed material in the pan to
the weight of sand sample originally placed in the cell.

8.3.10 Report as peroent fines the average of thres crush
resistance tests conducted according bo 9.3.1 through 939,

8.4 SUGGESTED FINES

Samples of frac sand subjected to the siress specified in
Table 3 should not produce more than the soggested mai-
mum fines {percent by weight) as prescribed in Table 3 for
the sand size being tested.

10 Recommended Sand Mineralogical
Analysis

10,1 TEST PROCEDURE

A qualitative x-ray diffraction st should be conducted
on a representative sample of frac sand. The sample should
be ground so as to pass through a Mo, 200 sieve (U5 A,
Sieve Series as defined n ASTM E 11-95) and split into two
paris. One sample portion should be used for a powder z-ray
and scanned from an angle of 4 degrees o 40 degrees, 26
(Cuk). The other sample portion should be used to prepare
an oriented clay slide. This sample should be dispersed in
deionized water and allowwed 1o hydrate, IF the liquid above
the solids is clear, there is linke or no clay present and an ori-
ented clay slide will not be necessary, IF the liguid above the
solids is cloudy, extract a sample of the liguid suspension,
place it on a gless slide, and allow it to dry. This glass slide
sample should be scanned through an angle of 4 degrecs to
14 deprees, 26
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10.2 REPORTED RESULTS

The relative peak beights should be recorded and used to
estimate the amount of clay present in the sample. Report by
mineral fype any mineral present in excess of approximately
| percent.

Fiston diamader =
cylindar insida
deamater minus
0.005 In. + 0.001 in

"h.
0.5 i min.

Wain —20MG = 1.0 In
Lz fial head soraw,
4 gach al B0°.
Countarsink bo racass
e sonew hsdds.

Figure 7—Example Test Cell Frac Sand Crush Resistance Test
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Recommended Practices for Testing
High-Strength Proppants Used in
Hydraulic Fracturing Operations
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SPECIAL NOTES

AP] publications necessarily address problems of a general nature, With respect (o par-
ticolar circumstances, local, state, and federal laws and regulations should be reviewed.

AP is not undentaking 1o meet the duties of emplovers, mamufacturers, or suppliers
warn and propedy train and equip their emplovess, and others exposed, concemning health
and safety risks and precantions, nor undertaking their obligations under local, state, or
federal laws.

Information concerning safety and health risks and proper precautions with respect to
particular matertals and conditions should be obtained from (he employer, the manufac-
turer or supplier of that material, or the maerial safety data sheet.

Mothing contained in any API publication is 1o be construed as granting any right, by
implication or cdhererize, for the manofacture, sale, or use of any method, apparatas, of
produoct covered by letiers patent Meither shoubd anything contained in the publication be
constraed 28 insuring amyone against liability for infringement of leters patent.

iGenerally, AP standards are rewiewed and révised, reaffirmed, or withdrawn at least ev-
ery five years. Sometimes a one-time exiension of up 1o two years will be added to this re-
view cycle. This pablication will no longer be in effect five years afier its publication date
as an operaive AF] standard or, where an extension has been granied, upon republication.
Status of the publication can be ascertained from the APl Authoring Department [telephone
(202) 682-8000]. A catalog of APl publications and materials is published annually and
wpdated quanierly by APL 1220 L Street, N.W,, Washington, D.C, 20005,

This document was produced under API standardization procedures that ensure appro-
priate notification and participation in the developmental process and is designated as an
APl stamdard, Questions concerning the interpretation of the content of this standard or
comments and questions concenning the procedures under which this standard was devel-
oped should be direcied in writing to the director of the Explogation and Production De-
partment, American Petroleom Institute, 1220 L Street, N.W,, Washingion, D.C, 20003,
Eequests for permission (o reproduce or translate all or any part of the material published
herein should also be addressed to the director,

APF] publications may be used by anyone desiring to do 0. Every effon has been made
by the Institule 1o ensure the accuracy and relizbility of the data contained in them; how-
ever, the Institute makes no representation, warranty, of guaranies in connection with this
publication and hereby expressly disclaims any lability or responsibility for loss or dam-
age resulting from its wse or for the violation of any federal, state, or municipal regulation
with which this publication may conflict.

AP stanckards are published to facilitme the broad availability of proven, sound engineer-
ing and operating practices. These standards are not mtendad to obviate the need for apply-
mg sound enginesring judgment reganding when and where these standands shounld be utilized,
The formulation and publication of AP1 standards is not infended in any way to mhibit any-
ooe from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking
requirements of an AP standard is solely responsible for complying with all the applicable
requirements of that standard, AP] does not represent, warranl, or gearantee that such prod-
ucts do in fact conform o the applicable AP standard.

All nghts reserved. No part of this work may be reproduced, siored in a retrieval system,
or transmitted by any means, electronic, mechanical, photocopying, recording, or other-
wise, without prior written permission from the publisher. Contact APl Publications
Manager, 1220 L Street, N.W., Washington, D.C. 20005,

Copyriphl & 1995 Aumnesicin Peorodeim bnslinoe:
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FOREWORD

These recommended practices for testing high-sirength proppants (i.c., proppants
stronger than sand) were prepared by the AP Subcommines on Evaluation of Well Com-
pletion Materials. This publication is a companion to APl RP 56: Recommended Practices
Jor Evaluaring Sand Used in Hydraullc Fracturing Operations. It is published under the
jurisdiction of the Executive Commitize on Drilling and Production Practices, American
Petroleum Institate's Exploration and Production Department,

The recommended tests have been developed to improve the quality of high-strength
proppants delivered to the well site. They are for use in evaluating certain physical proper-
ties of high-strength proppants used in hydraolic fracturing operations. These tests should
enable wsers 1o compare the physical characieristics of various high-strength proppants
tested under the described conditions and 1o select materials useful for hydrankic fracturing
Operations.

The recommended practices presented in this pablication are not intended to inhibit the
development of new technology, materials improvements, of improved operational proce-
dores. Qualified engineering analysis and judgment will be required for their application
to & specific sitnation.

AP publications may be used by used by anyone desining to do so, Every effort has
been made by the Instituts to ensure the accuracy and reliability of the data contained in
themy; however, the Institute makes oo representation, warrangy, of guaraniee in coanection
with thiz pablication and bereby expressly disclaims any Hability or responsibility for loss
or damage resulting from its use or for the viclation of any federal, state, or municipal reg-
ulation with which this publication may conflict.

Suggested revisions are invited and should be submaitted {0 the director of the Explo-
ration and Prodection Department, American Petroleum Institute, 12230 L Streed, MW,
Washingron, D.C. 20005,
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Recommended Practices for Testing High-Strength Proppants Used in
Hydraulic Fracturing Operations

1 Scope

11 SCOPE

The purpose of these recommended practices 1= 0 pro-
vide standard testing procedures for evaluating high-strength
proppants, that is, proppants stronger than silica sand.

1.2 OBJECTIVE

The abjective of these recommended practices is to pro-
vide control of high-strength proppant quality ai the well
site, As i first step in accomplishing this objective, the rec-
ommendad practices showld be applied at the basic point of
supply where quality control is firg! exarcized,

1.3 TEST PROCEDURES

The use of good, safe laboratory proceduncs and mainte-
nance and use of good, calibrated eguipment 15 essential (o
the sccuracy and reproducibality of these tests,

2 References

2.1 STANDARDS

Unless otherwise specified, the most récent edinions or
revizions of the following standards, codes, and specifica-
tions shall, to the extent specified herein, form 3 pan of thiz
standard.

APl

RP 56 Recommended Practices for Testing Sand
Lsed in Hydrawlic Frachuring Cperationy
ASTH®
E 11-95 Specificarions for Wire-Cloth Sieves for Testing
Purpiniei

22 OTHER REFEREMCES

Krumbein, W.C. and Sloss, LL.. Sraderapty and Sedi-
mertarion, Second Edition, 1963, W.H. Free-
man and Co., Mew York, MY

TASTML 1M Baer Hisrbor Dirive, West Conshohocken, Perosylvania 1924625

3 Recommended Proppant Sampling
ure

31 DESCRIPTION

The sampling procedure should provide a representative
sample of the high-strength proppant material as provided
by the supplier oo gervice company at the time the proppant
material is transferred o the bulk iransport container of bin,
The samples may need 10 be oblained from three potential
SOUCCER.

a. From the supplier after the proppant maerial has been
initially scresned;

b. From the service company during flling of the transport
container with previously sacked or bulk proppant material;
¢. Omesite af the well where the material is to be used.

When bulk containers we filled from a flowing stream of
proppant material, sampling procedures sel forth o 3.4
should be applied. If bulk containers ane flled esing sacked
proppant material, sampling procedures sel forth in 3.3
should be applied.

32 EQUIPMENT

The following equipment should be used to comipils repre-
senfative proppant material samples and conduct physical lests:

a. Box sampling device approximately B inches X & inches
# 4 inches with & Ve-inch opening, Befer o Figurs 1,

b, Sample reducer {of appropriate size for handling sack-
size samples and reducing in one pass to Yie original
weight). Refer to Figure 2.

¢. Sample splitter of appropriate size. Refer to Figure 3.

d. Set of sieves complying with requirements of the T1.5.A.
Sleve Series, S-inch diameter. Refer to ASTM E [1-95: Spec-
ifications for Wirg-Clork Sieves for Testing Purposes. Refer
1o Figure 4,

2, Testing sieve shaker that provides amultaneous rofaling
and lapping action and accepts the sigves specified in ltem
d, Refer o Figure 4.

[, Secale (mintmam of 100 grams capacity with precizion of
0.1 gram of beter).

3.3 RECOMMENDED NUMBER OF SAMPLES

Al the basic sowrce of supply, a minimom of three sam-
ples per wuck load should be obained and 1ested, These ba-
sic source-of-supply smmples should be combined and used
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C—5ide Yiew

Figure 1—Example Box Sampling Device

% 2 single sample for subsequent 1esting operations, For
proppant matenal sampled at the job sate, o minimam of one
sample should be oblained per 20,000 pounds or ragion
therzof of proppant used, with a minimum of five samples
per joby, These on-site samples should be combuned and used
a5 a single sample for subsequent testing operations.

3.4 SAMPLING (BULK MATERIAL)

The sampling device, with 113 longitudinal axis perpen-
dicular 1o the falling stream, should be passed at a unifonm
rate from side 1o side through the Tull stream width of mov-
ing proppant matenial &s it falls from a conveyor belt irbo the
bulk container, Proppant material should be allowed 1o flow
al least 2 mimetes after initial Now prior 1o tking the first
sample. Several samples should be extracted ot approxi-
mately uniform imervals through the body of proppant ma-
terial to ensure & complete and accurate analysis. The
number of samples taken should comply with 3.3, During

sampling, the sampling receptacle should be sweng com-
plefely across the moving proppant stream in a boef interval
o irmiee s s 00 daks all of the stream part of the time. Under
no clreumstances should the sampling recepeacle be allowed
b cverflow

3.5 SAMPLING (SACKED MATERIAL)

Only whole sack snomples are 1o be used for sacked high-
strength proppant materals.

4 Recommended Samples Handling and
Storage

4.1 SAMPLE REDUCTION (SACKED MATERIAL)

Place the contents of an entire sack of proppant material
in the sample reducer {refer 1o Figure 2), Obaim a reduced
sample of approximately Vs of the original weight of the io-
tal sack's contents.
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Figure 2—Example Sample Reducer Eguipment

e comnesy of WS Tyl lme | Sefvadieny of Combustens Bageermg Inc . Monlod, Dihens 23000
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B—Smaller Sampile Spiltter

Figure 3—Example Sample Splitter Equipment

42 SAMPLE SPLITTING

Place the reduced sample obisined according to 4. 1 or the
sample obtained during balk material loading operations
(refer to 3.4) in the sample eplitter {refer to Figure 3} and
gplit the sample to a testing size of approximately 500 grams
mitimum, Sufficient proppent material shoald be gpli
to permit performing recommended iesis under all sections
of this document, Use of an approproately sized sample fe-
ducer and sample splitter to permit samples to be prepared
for esting is an essential step in the recommended proce-
dures.

43 SAMPLE RETENTION AND STORAGE

The basic high-strength proppant source of supply should
muintain written records of all ests conducied on each ship-
ment for 1 year Physical samples of an amount sufficient o
condect all tests recommended berein, but in no case less
than 10() grams, should be retained in storage for 3 months
for bulk domestic shipmenis, 6 months for sacked domestic
shipments, and 12 months for international shipments. Sam-

ples and copies of test results should be furmished by the
proppad source of supply, on réqueest, to user comgrnies,

5 Recommended Proppant Sizes

5.1 SIEVE ANALYSIS

Stack six recently calibrated U5 A. Sieves plos 8 pan in
a nest of decreasing sieve opening sizes from top to bottom.
Table 1 establishes recommended sieve sizes for use in tesi-
ing designated recognized high-strengih proppant sizes. Us-
ing a spht sample of approximately 100 grams, obdain an
accurake sample welght (60,1 gram), poor the sample onto
the toge sieve, place the nest of sieves plos pan in the Esting
gigwe shaker and shake for 10 minotes. Remove and ooload
each gieve, being certain to brush each sieve thoroughly with
the sieve manufacturer’s recommended brush to remove all
proppant grains, Establish an accurate weight of proppant re-
tained on each of the six sieves and in the pan. Calculate the
percent by weight of the otal proppant sample retained oo
each sheve and in the pan. The cumolative weight should be
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Figure 4—Exampia of Tasting Sieve Shaker Equipmant and Mast of Six U.S.A. Sisvaz Plus Pan
Flrcea conesy of W.5. Tyker, Ing., Subsidiary of Coambetion Engineering, [nc., Mmoor, ORéo 44060,

within (0.5 percent of the sample weight used in the test, If
oot, the sieve analysis must be repeated nsing a different
sample.

5.2 RECOMMENDED PROPPANT SIZE

A mimmum of 90 percent of the iested proppant sample
shoukd fall betareen the designating sieve sizes, that is, 12020,
16420, 20040, 470, Mot over (.1 percent of the total fested
proppant sample should be larger than the first sieve size in
the nest specified in Table | and not over 1.0 percent of the
tested sample should be smaller then the last sieve size inthe
nest specified in Table 1.

6 Proppant Sphericity and Roundness

6.1 GENERAL

Mumersus methods have been published o measore and
report grain shapes and geometric dentities. Some imolve
tedious measurements; edbers require visual comparisons,
All require some skill and judgmen on the part of the ech-
niciak. The comdnen grain shape parameders that have besn
found 1o be wseful for visually evaluating proppunts ars
sphericity and roundnes;, Experience his shown that the best
resulis are obtained with these tests when sphericity and
roundness are determined in sepasate reading seis,
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Table 1—Recognized High-Strength Proppant Sizes

Proppant Size
s prua i 13 16420 20640 070
Cipening 51z
{micromeness) 1 TOVESD 1 1BVESD 50424 4350212
Oipening Size {in.) O L33 08690331 0030164 D06 SR04
Mest of U154, Shevest 3 12 16 0
Recomanended for Tesiing 11 16 0 iy
16 I8 30 ]
18 20 5 il
0 35 & ]
30 30 50 100
Fan Pan Pan Pan

TLLE AL Sieve Serits a8 dilised in ASTM E 11-95: Specification for Wire. Cloth Steves for Tesring Parposes.

62 SPHERICITY

Particle sphenicity is o measure of how close & proppant
particle or grain approaches the shape of a sphere. The most
widely used method of determining sphericiny is with a vi-
sual comparator. Krumbein and Sloss (19630 developed a
chart for use in visual estimation of sphericity and roundness
[refer to Figurs 5). A proppant should be evaluated for
sphericity by randomly selecting 20 or mone grains for ex-
amination. These grains should be viewed through a 10- 1o
Z0-power microscope of examined by photomicrograph of
suitabde enlargement (refer to 6.5.3). Sphericity of each grain
should be determined. recorded, and an average sphencity
obtained for the sample.

6.3 ROUNDNESS

Cirain roundness 15 & messure of the relative sharpness of
grain corners of of grain curvature, Bvaluation of proppant
grain roundness shoold be made on the same sample as that
used for sphericity determination (refer 1o 6.2). Roundness
of each grain should be determined, recardad, and an aver-
age roundness oblained for the sample,

6.4 RECOMMENDED SPHERICITY AND
ROUNDMNESS

High-strength proppants should have an average spheric-
ity of 0.7 or greater and an average roundness of 0.7 or
greater.

6.5 ALTERNATIVE METHOD FOR DETERMINING
AVERAGE SPHERICITY AND ROUNDMESS
6.5.1 Usa of Photomicrographs

Photomicrographs of a representative proppant sampls
may be used o provide identical suiigbly enlarged repro-

T ey amd Sl Secord BEdiglon, 1963, W, H, Freeman
amd Co., New Yark. NY.

ductions for use to obtain the average sphericity and round-
ness of the proppant sample.

6.5.2 Preparation of Photomicrographs

A scamning electron microscope (SEM) or reflected
light microscope can be successfully wsed 1o produce
suitable photomicrographs. Using a representative split sam-
ple of proppant, place a monolayer of grains on a flat,
resilient surface. Prepare a specimen mount using iranspar-
ent, double-sided adhesive tape and press the mount o the
sample io affix a monolayer of proppant grains, Follow stan-
dard equipment procedures Tor coating, magnilying., and
photographing the proppant sumple.

6.53 Recommended Magnification for

Proppant Sizes

For designated proppanit sizes, the following magnifica-
lion 15 suggesied:

Proppant Photomicrograph
Biem Magnificaiion
1230 15
16620 B0
200D M=
S0 40

The resulting photomicrograph should be cropped to
leave 2025 whole proppant grains in the viewing area and
reproduced as necessary.

8.5.4 Determination of Proppant
Sphericity

Using the photomicrograph from 6.5.2 and the vizual
comparaior chart {refer to Figure 5}, determine and record
the sphericity of all proppani grains within the photomicro-
graph. Using this information, determine the average

sphencity for the proppant sample, Refer to 6.4 for proppant
sphemeity recommendalions.
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655 Determination of Proppant Roundness

Using the photomicrograph from 6.5.2 and the viswal
comparalor chan refer to Figure 5), determine and recond
the roundness of all proppant grains within the photomicrg-
graph. Using this information, determine the average rownd-
ness for the proppant sample. Refer 1o 6.4 for proppant
roandness recommendations.

7 Acid Solubility Considerations

7.1 GENERAL

A test b determine the solubility i acid of high-strength
proppants hes not been included in this standard because of
insufficient data upon which to base a recommendation,
However, this omission doss not imply the unimportance of
acid solubility of high-strength proppants. For example, re-
fer 1o Cheung? for an evaluation of such solubility. Rather,
exposing a propped fracture to acid, particularly one con-
tmining a mixtwre of hydrofluoric and hydrochlorie acids,
may result in dissolation of part of the proppant, a deteno-
ration in propping capabilities, and a reduction n fracture
conductivity in the zone contacted by such acid. The loss of
fracture conductivity near the wellbors may cause & dramatic
reduction in well productivity, as has been demonstrated by
Raymond and Binder?

7.2 ACID SOLUBILITY TEST CAUTIONS

While exposure of high-strength proppants 1o scid is gen-
erally discouraged, should such exposure be considered,
it should not be undertaken without some knowledge of the
solubility of the proppant in the acid with which it is 10 be
coniscted. One way of determining proppant solubility in
acid is described in AP1 RP 56 Recommended Practives
Jor Testing Sand Used in Hydraulic Fracruring Operations,
Such an evaluation represents only & first step, however,
If the proppant is found to be appreciably soluble in the cho-
sen acid at the expected termperature, pressure, and time of
exposure, then the critical test is w0 determine how muech
fraciure conductivity is reduced by such acid exposure. The
larter requines work to evaluabe fracture conductivity.

8 Recommended Proppant Crush
Resistance Test

8.1 GEMERAL

Proppants vary in composition, density, and strengih. The
following test is useful for determining and comparing the

Wheung, 5. K., “Elfect of Acids on CGirovels aad Proppants,” SPE 13842,
pereaeniend mi the SPE 1945 Cabdomia Begional Meeting, beld in Bekersfiehl.
Celiformia, March 27-28, 985, Society of Petroloum Engmeers, Rickard-
san, Texas.

“Faymond, L. B, and Rinder. 0. O, Jr. “Prochuctivity of Wells in Vertically-
Fraciured. Damaged Formations,” Jowrmai aof Petemieus Taokaalogy (Jan-
mary 19673 E20-130, Society of Peerodeum Engincers, Richandson, Tews.

crush resistance of proppants, A series of crush resistance
iesis are conducted on samples of proppant o determine the
stress ab which the proppant material shows excessive fines
peneration, Tests are conducted on samples which have been
sbeved o that all particles tested are within the specified size
range. Four specific simess levels, 7,500, 10,000; 12,500; and
15,000 pounds per sgeare inch, are used in the recommiended
test. The amount of proppant material crushed at each stress
level is measured. Evaluation of test resulis should provide
indications of the stress level where proppant crushing is ex-
cessive and the maximum stress to which the proppant ma<
terial should be subjected. '

8.2 EGQUIPMENT AND MATERIALS

The follrwing equipment and materials are suggested for
conducting the proppant crash resisiance st

a. Proppant sample,

b, Press with the capacity to apply the load required to ac-
complish the stress levels set forth in Table 2. The press st
have platens that can be maintained parallel during appili-
cetion of lead 1o the cell. The press miut be callbrated 1o en-
fure [hat sfreid megiurements are aocirare fo within 5
percent, or an independenr caltbrated load-measuring de-
vice should be used when the foad is applied fo the cell.

c. Cell for proppant crush resistance test as described in Fig-
ure 6, or equivalent. The piston length should be 3.5 inches
regardless of the diamster of the piston used in the cell, Per-
missible piston diameter ranpes from -1z inches to 3 wches,
d. Pan and two U5 A_ Sieves of the mesh size opening for
the specified proppant size range, for example, the No. 12
and Mo, 20 skeves for use with 12720 proppant and the Mo
3 and Mo 40 gieves for use with 20040 proppanit.

e, Balance for weighing proppant sample to 0.1 gram preci-
sion or better.

f. Testing sieve shaker. Refer to 3.2, Item e and Figure 4,

8.3 RECOMMEMDEDTEST PROCEDURE

8.3.1 Determine the bulk density of the proppant sample
wsing the recopvmended procedure in Section 9,

832 The volume of proppant to be used in & test is equiv-
alemt ty the volume cecupied by 4 pounds of 20440 frac sand
per square food in the st cell piston ares. Thus, cach test re-
guires 1.22 cubic centimeters of proppant per square cen-
timeter® of est cell piston area. Calculate the weight of
proppant material needed for each test {to the nearest 0.1
g s Follows:

"Thas valume & calisalid s follows:
éh;l'“!h.bulk dermly of 20030 peisppant froc sand avemnges 100 1B or 1560
3 4 Ibi? = 198 glem.

3. volume of 2004 frac sand reguired per wail of piston amea of the ksl il
iz .95 160 = 1.22 em® of proggmant per em?, s a 2-in. inside dismeter 1est
cell, the volume needed 1 14.7 o',
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0.1 0.3

Roundness

Figure 5—Chart for Visual Estimation of Sphericity and Roundness

From Stratigrapty and Sedimentation, Second Edition, Krumbein, W.C., and Sloss, L.L. Copyrighs & 1951, 1963, Reprinted with the permlssion of W.H. Pree-

mamn and Co,, New York, New York, All rights reserved

W, = 618 % py % D? (1)

W, = Weight of proppant, g
= Proppant bolk density, gfem3
Test cell inside diameter, .
3

GIR = I,Zaij-i! ¥
8.2.3 Stack the two ULS.A. Sieves and pan described in
£.2.d, with the sieve having the larger opening size on top.
Pour a sufficient quantity of proppant marerial on the wp
sieve to provide in the test cell (refer to Figure 6) a concen-
tration of 1,22 cubic centimeters of proppant per square cen-
timeter of the mesh size specified for the sample being
tested. Place the sieve stack in the testing sieve shaker (refer
to 3.2, Item ¢ and Figure 4) and sieve for 10 minutes,

=]
I

8.3.4 Discard all proppant material retained on the top
screen and pan. Use only proppant material retained on the
lower screen.

8.3.5 Sieve sufficient material so that eight tests may be
conducted (wo tests each at four stress levels),

8.3.6 Weigh a sample of the sieved material to the calcu-
lated weight {refer to 8.3.2) and pour the weighed sample

into the test cell, constantly moving the source of the prop-
pant stream so that the surface in the test cell is as level as
possible.

8.3.7 Lewvel the surface of the proppant in the cell. This is
done by inserting the piston in the cell and, without apply-
ing any force. rotating the piston 180 degrees (in one direc-
tion only),

Mote: To ensure uniformity in leveling the sarface of the proppant in the cell
using the piston, the piston kength shoald be 3.5 inches regandless of the di-
amiber of the pdston wsed bn the cell (refer 1o 8.2, Tem e

8.3.8 Without shaking or jarring the cell, place the cell

containing the piston and proppant sample in the press.

Table 2—Suggested Fines Limit According to
Proppant Size for Stated Stress Levels®

Proppant Suggested Maximum
Size Allowable Fines
Deaignation (% by wedghth
1220 15
620 25
240 10
40 &

*Hugpested iesd siress leveds are 7.500; 10U 12,500; and 15,000 psl.
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Peton diamatar =
cylingdar insids
diameter minus
0005 in. & 0.001 in.

Y
QL5 im, min.

35in.

1.5 in. min.

ain, =20 NG % 1.010n.
Lang flal head scraw,
4 gach at 90°
Countarsink o recass
the screw haads.

Figure —Example Test Cell for Proppant Crush Rasistance Test

8.3.9 Using Equation 2, determine the force (pounds) re-
quired on the press to attain the prescribed stress on prop-
pant samples:
F= S(3.14007 2)
4
Where,

F = Force required on test cell, 1b

§ = Siress on proppent sample, psi

D = Test cell inside digmeter, in,

The complete series consists of subjecting two samples

to & stress of 7,500 pounds per square inch, two samples o a
stress of 10,000 pounds per square inch, two samples fo a

stress of 12,500 pounds per square inch, and two samples o
a stress of 15,000 pounds per square inch, making a otal of
eight tests.

8.3.10 The required cell load should be applied at a uni-
form Ioading rate to attain the stress levels shown in Table 3,
taking I minute 1o reach the prescribed level, and that level
should be held for 2 minutes. If the tecommended load is ex-
ceeded, the test should be aboried,

8.3.11 Reduoce the cell load 1o zero and remove the cell
from the press.

8.3.12 Siack the two U.S.A, Sieves and pan with the
screen with the largest screen openings on top (refer to
8.3.3). Transfer the cell contents onto the top sieve using the
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sieve manufacturer's recommended brush 1o énsure transfer
of all the sample and all fines. Place the sieve stack in a test-
ing sieve shaker and shake for 10 minutes,

8.2.13 Weigh the crushed material from the pan to the
nearest 0.1 gram. Using Equation (3), calculate and report
fines penerated as a percentage of the weight of proppant
sample placed in the cell. Each proppant sample tested
should be run in duplicate at each stress level and the results

averaged.

100W,
f=——r» (3)
W
Where: e
§ = Fines penerated in the test, percent (%)

W = Weight of fines, g
W, = Weight of proppant, g

8.4 Elj.HSGESTED MAXIMUM FINES

It has been determined that fines generated by proppant
crushing will affect propped fracture performance and that
long-terim migration of these fines may be damaging to per-
meability. However, there are only limited data available on
specific effects (short- andior long-term) of fines on perfor-
mance of propped fraciures and on the severity of damage
from these fines,

Conductivity of propped fractures is expected to decline

when proppant crush fines are excessive, As a general guide,
suggested fines generated in the recommended crush resis-
tance tests should not exceed values shown in Table 2. The
stress level at which the generated fines exceed the suggested
limits shown in Table 2 should be used o evaluate closure
stress levels where proppant performance may be adversely
affected by crushing.
Note: These valwes for “soggested maximum allowable fines™ (refer to
Table 2} should be considered as beoad guidelines. 11 is recommended that
wdditional froctere conductivity tests be made with the proppant under ap-
propriste siress (o estimate propped fracmre perfonmance,

Each proppant sample should be tested at a minimum of
four stress levels, 7.500; 10,000; 12,500; and 15,000 psi.
Oither siress levels may be used, by specific agreement be-
tween user and supplier, to more cléarly and specifically de-
fine proppant crush behavior.

8.5 VARIABILITY OF CAUSH RESISTANCETEST
RESULTS

Crush resistance test results are subject to variability.
Tests performed within a given laboratory by the same per-
sonnel, using the same equipment, and following the same
test procedures have produced more consistent comparative
results, However, testing hetween laboratories where differ-
enl personnel, equipment, and varving test procedures can
affect results has not produced the same degree of data reli-
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ability or repeatability. Variances in crush resistance data
should be considered when interpreting and using the sug-
gested limits shown in Table 2.

9 Recommended Procedures for
Determining Proppant Bulk Density,
Apparent Density, and Absclute
Density

8.1 GEMERAL

The bulk density and absolute density are important prop-
erties of proppants. Bulk density describes the weight of
proppant that will fill a unit volume, and includes both prop-
pant and porosity void volume. It is used to determine the
weight of a proppant needed to fill a fracture or a slorage
tank. Apparent density and absolwte density are usually very
nearly the same, Apparent density includes internal porosity
of a particle as part of the particle volume, It is measured
with a low viscosity fluid that wets the particle surface. On
the other hand, the absolute densiry excludes internalfinter-
connected porosity s a pant of the particle volume,

92 BULK DENSITY

9.2.1 Equipment and Materials

The following are needed to obtain the bulk density of
proppant samples:

Tabde 3—Equivalent Load on Cell Versus
Stress on Proppant Pack

Seress on Load on
Proppant Pack Cell
{psd) (b Fomce)
7500 23,562
10,0000 3416
12,500 30270
15,0000 47124

Mode: Indicared cell loads are for cells with o Z-inch diameter piston.
For cells of odler sizes, the el losd should be adjusted by the facior,
( dlameser ofcell in. )’. For example, for a Tinch diameter cell, loads
thown im Table 3 should be muoldplied by a  factor,
[%] = 2.25. Thug, to achieve a str=ss of 10,000 pounds per square inch
on a proppast pack requeires a load of (31,416)(2.25) = TO.686 pounds
force, Similarly, a test cell wath a 1. 3-inch diameter piston would requine a
cell laad of (31.416) [ %)r = 17,472 pounds force to achieve 1 0

pounds per sguare inch SEress on & proppant pack.
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a. Analytical balance, 0.01 gram precision or better.

b. 100-milliliter volumetric flask [100 ml = 100 cm® at
75°F (24°C)1.

¢. Proppant sample, dry and free-flowing.

d. Wide-mouth funnel, stem to fit inside the volumetric flask.

92.2 Procedure

The following procedure is suggested for determining
bulk density of proppanis.
a. Weigh the clean, dry 100-milliliter volumetric flask to
0.01 gram precision using the analytical balance.
b. Place the fonnel in the neck of the volumetric flask and
fill it with proppant to the 100 milliliters mark. Do not shake
the flask or tamp the proppant.
Mote: This i a critical siep and must be done the same way by each person
measuring bulk density.
¢. Weigh the volumetric flask containing proppant to 0.01
gram precision,
d Calculate the proppant bulk density using the following
equation:

Wi — W,

Where:
p, =Proppant bulk density, glem®
W, =Weight of flask and proppant (step c), g
Wy = Weight of flask (step a), g

e. Report proppant bulk density in pfem® and IBT3, (Note:
Ibfft? = plem® x G2.4)

9.3 APPARENT DENSITY (MEASURED IN
KEROSINE OR WATER)

831 Equipment and Materials

The following are needed to determine apparent density
of proppants in kerosine or water:

a. Analytical balance, (.01 gram precision.

b. Weighing dish.

c. 25-milliliter volumetric flask, or pycnometer {25 ml = 25
cin? at 75°F (24°C)).

d. Test liquid, kerosine or equivalent; water with surfactant
[0.1 percent of an ethylene oxide (9-10 mole) adduct of
nonylphenol, or equivalemt].

e. Proppant sample.

f. Wide-mouth funnel, stem to fit inside the volumeiric
Mask.

93.2 Procedure

The following procedure is suggesied for determining the
apparent density of proppants.

a. Weigh the clean, dry volumetric flask or pycnometer to
0.01 gram precision.

b, Carefully fill the volumetric flask or pycnometer to the
fill line with test fluid a1 ambient temperature. Make certain
that no air bubbles are trapped in the liquid and that all lig-
nid has been wiped off the outer surface of the fask or pyc-
nOMmEter.

. Weigh the filled flask and liquid to 0.01 gram precision.
d. Tare the weighing dish, then add approximately 10 grams
of proppant sample and weigh the dish and sample to 0.01
gram precision.

e. Pour cut approximately one-half the volume of liguid in
the volumetric flask and trancfer the weighed proppant sample
from the weighing dish to the flask or pycoometer. A funnel
that fits into the neck of the volumetric flask should be used.
f. Carefully add sufficient test liquid at ambient tetnperature
to the flask or pycnometer and fill to the fill line. Rotate the
flask about its vertical axis until all air bubbles have been dis-
Indged from the proppant. Refill with test liquid to the: 611 line,
if necessary, and wipe off any test liquid on the fiask surface.
g Weigh the flask containing proppant and test liquid to
0,01 gram precision.

h. Calculate the test liquid density and apparent density of
the proppant as follows:

W, — W,
Dﬁ-%f (3
Where:
D, = Test liquid density, glem®
W;; = Weight of flask filled with test liquid (step <), g
W, = Weight of empty flask (step &), g
25 = Volume of pycnometer, cm®
We
ﬂp:ﬁ_(“’;r -lq.r:—wJ ()
D,
Where:
D, = Apparent density of proppant, gfom*
W, = Weight of proppant (step d), §

W, = Weight of flask, liquid, and proppant (step ), 8
W, = Weight of empty flask (stepa). g

D, = Test liquid density, glem®

25 = Volume of pycnometer, cm®

i. Report apparent density in g/em® and Ib/ft* and denote the
liguid used in the test
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9.4 ABSOLUTE DENSITY
9.4.1 Equipment and Materials

A schematic of apparatus for measuring absolute density
of proppant materials is shown in Figure 7. The following
equipment and materials are needed for construction and op-
eration:

a, Test gange (0—100 pounds per square inch range) with at
least (1.5 percent precision.

b. Thres ball valves.

c. Reference cell (20 to 50 cubic centimeters) sample cylin-
der 5 satisfactory.

d. Sample cell (40 w0 10 cubic centimeters cell is satisfac-
tory).

Moie: The sample cell used shoubd be appromimately twice the size of the
reference cell for maximum socuracy.

e. Copper or stainless steel tubing (Ye-inch or Ye-inch di-
ameter) with appropriate required fittings.
f. Analytical balance (0.01 gram precision).
g. High pressure gas source (air, nitrogen, or helium is sat-
isfactory),
h. ¥olumetric flask (100 milliliters).
i. Pasteur pipette.
j- Proppant sample, dry and free-flowing.
k. Weighing dish.

The listed equipment is commercially available. However,
for ease of operations, a sample cell with a removable, wide-
mouth top can be constrocted.

Mote: Commercially available air comparison pyciomeler equipment, of
equivalen, is available 10 quickly and efficiently measure sbsolute demsity

of proppant samples. f this equipment is used, follow the equipment man-
ufactarer's instructions for calibration and cperation of the equipmend to de-
termine absokute density of proppant sampbes.

9.4.2 Calibration

The following procedure is used for measuring the vol-
ume of the reference cell and sample cell {refer to Figure T).

a. Weigh to (1,01 gram precision the dry and clean reference
cell with valve ¥, attached.

b. Carefully fill the reference cell and valve ¥, (up to the
ball of the valve) with water. A Pasteur pipette can be used in
this operation,

¢. Weigh the water-filled reference cell and valve V; to 0.01
ETAm precision.

d. Empty the water from the reference cell and vaive and dry
thoroughly. Disassembly of the equipment may be required
to effect drying.

€. Weigh a dry 100-milliliter volumetric flask to 0.01 gram
precision,

f. Fill the volumetric flask with water to the marked line
(bottom of the meniscus just touching the line).

E. Weigh the water-filled volumetric flask to 0.01 gram pre-
cision.

h. Calculate the volume of the reference cell as follows;

{Wf,‘“‘}]

"

F

Where:
V. =Volume of reference cell, cm®
W,,, = Weight of reference cell filled with water, g
W, =Weight of empty reference cell, g
W, =Weight of empty volumetric flask, g
W, = Weight of volumetric flask filled with water, g

i. Connect the reference cell to the absolute density appara-
tus,

j. With valve V| closed and valves V', and ¥, open, pressur-
ize the system to approximately 100 pounds per square inch;
record this pressure accurately.

k. Close valves ¥, and Vi: open valve V.

l. When the preszure, as indicated by the pressure gauge, re-
turns tor zero (atmospheric pressure), close valve V.

m. Open valve V, and record the stabilized pressure accurely,

n. Open valve V| 1o depressurize the apparatus,
o, Calcolate the volume of the sample cell as follows:

v, = (i l) (B)
Pt Py,

Where:
V. = Volume of the sample cell, plumbing, and gange,
em?
V. = Volume of reference cell, cm®

P = Atmospheric pressure, psi
P, = Initial pressure of the reference cell, psi

F = ﬁl_m]pressurenfﬂnmfemmxmdsamplemlls.
psi
Mote: W, includes the plombing and geuge volumes. The plumbing and
Mﬁmmbﬂum-mnﬂﬁ.

8.43 Measurement of Absolute Dansity

Afiter the reference cell volume (V) and sample cell vol-
ume (¥, ) are determined, absolute density of the proppant
sample should be determined using the following procedure,
a. Obtain sufficient proppant to fill at least 80 percent of the
sample cell volume. Weigh this proppant sample to .01
b. Carefully place the proppant material in the sample cell
and attach the cell to the absolute density apparatus (refer to
Figure 7).
c. Close valve V; and open valves Vy and V.
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Wi

® _~~ High Pressure source
S, (ir, mitFogen, o hedium)

G = 0~100 pai presswre guage (3.5 % precision)

5
A

Samgie cel
Rederance cell
IHII ¥ 'ﬁ'ﬂ M "l‘a_ L Hﬂ” 'l'ﬂh"ﬂﬁ

Figure 7T—Example Apparatus for Measuring Proppant Absolute Density

d. Pressure the apparatus to approximately 100 pounds per
square inch and record the pressure () accurately,

e. Close valves V, and V.

f. Slowly open valve V| and allow the pressure, as indicated
by the pressure gauge, to return to 2ero (aimospheric pres-
surg).

CAUTION: If the pressure ix relieved too rapidly, the prop-
pant material will be displaced out of the sample cell.

g. Close valve V).

h. Open valve V.

i. After the pressure has stabilized, record it accurately as
ll?"

j.’rrSLuwly open valve % to return the apparatus 0 atmo-
spheric pressure,

k. Calculate the absolute density of the proppant material as
follows:

W ©)
= .
V= v,(ﬂ - ])
Fyt Puw

g, = Absolute density of proppant material, glem?
W, = Proppant sample weight, g

¥, = Volome of the sample cell, plumbing, and
gauge, ey’

¥, = Volume of reference cell, cm?’

', = Initial pressure of the reference cell, psi

£, = Atmospheric pressore, psi

;= Final pressure of the reference and sample cells.

psi
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1. Report the proppant absolute density in p/en®, as well as
the gas used in the test measufements, for example, air.
9.4.4 Accuracy

The pressure gange should be checked with a dead weight
tester at least once every six months. If a gauge with 0.5 per-

cent precision or better is used. absolute density measure-
ments of better than 3.5 percent precision are possible. If a
gaonge withi 0.1 percent precision or betier is used, absolute
density measurements with precision of 1 percent or better
are possible,


DBD
PUC-Rio - Certificação Digital Nº 0510818/CA


PUC-Rio - Certificacdo Digital N° 0510818/CA

APPENDIX A—DERIVATION OF EQUATION (B)

Ideal Gas Law, P| i"r1 = Fz'i"lz
PP,
Where:
Pf‘ = f-}-l- P
1r"r= V. + ¥
V=V,
Pi= Fi+ Py
(Frt+ BV, + V) = (P, + P, )V,

Ve (P + Puw)
P, + P
+
V=V, (m - |) (Equation 8)

Ppt Py

¥+ =

T r

DERIVATION OF EQUATION (9)

FF\"’ =P
Where:
'F‘,.I":I = P}"’ Palru.
i':r= 1'-!1' FI = VP
Vi=V,
P& =Fi+ Fyy
{P}"" Famd(V, + ¥, — 1"’]::' =(F+ FamV:

= .
v, — v,(ﬂ - 1) (Equation 9)

15
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RP 61: Evaluating Short Term Proppant Pack Conduectivity 3

RECOMMENDED PRACTICES FOR EVALUATING
SHORT TERM PROPPANT PACK CONDUCTIVITY

FOREWORD

a. These recommended practices were prepared by
the Task Group on Conductivity Testing of Proppanis
under the API Subcommittee on Evaluation of Well
Completion Materials, This publieation is under juris-
dietion of tha Executive Committes on Drilling and
Produetion Practices, American Petroleum Institute's
Production Department.

b. The tests and test apparatus recommended herein
have been developed to establish standard procedures
and conditions for use in evaluating the short term con-
ductivity of various fracture proppant materials under
laboratory conditions. These suggested tests will enable
users to eompare the conduetivity characteristics under
the specifically deseribed test conditions. The test
results can aid users in selecting proppant materials for
use in hydraulie fracturing operations.

¢. CAUTION: The testing procedures in this publi-
cation are not designed to provide absolute values of
proppant conduetivity under downhole reservoir condi-
tions. Long-term test data (refer to Appendix D, Refer-
ences 1-8) have shown that time (within a few days),
elevated temperature, fracturing fluid residues, embed-
ment, and formation fines may reduce fracture prop-

pant pack conductivity by up to 90% or more. A
recommended testing procedure to address longer term
conductivity reduction may be considered in future API
work.

d. The recommendations presented in this publica-
tiom are not intended to inhibit the development of new
technology, materials improvements, or improved oper-
ational procedures. Qualified engineering analysis and
sound judgment will be required for their application
to £it a specific sitnation,

e, Every effort has been made by API to assure the
aceuracy and reliability of information contained herein.
However, the Institute makes no representation, war-
ranty, or guarantee in connection with publication of
these recommended practices. API hereby expressly
disclaims any liability or responsibility for loss or dam-
age resulting from use or application hereunder or for
any violation of local, state, or Federal laws with which
the contents may conflict.

f. Suggestions for revisions, additions, or corrections
are invited. These should be submitted to: Director,
Production Department, American Petroleum Institute,
2535 One Main Place, Dallas, Texas T6202-3904,

Requests for permission to reproduce any part of the
material published herein should be addressed to Direc-
tor, Production Departinent, American Petrolewm Inati-
tute, 2535 One Main Place, Dallas T'X ¥5202-8904,
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SPECIAL NOTES

API PUBLICATIONS NECESSARILY ADDRESS
PROBLEMS OF A GENERAL NATURE, WITH
RESPECT TO PARTICULAR CIRCUMSTANCES,
LOCAL, STATE, AND FEDERAL LAWS AND
REGULATIONS SHOULD BE REVIEWED.

API IS NOT UNDERTAKING TO MEET DUTIES
OF EMPLOYERS, MANUFACTURERS, AND SUP-
PLIERS TO WARN AND PROPERLY TRAIN AND
EQUIP THEIR EMPLOYEES, AND OTHERS EX-
POSED, CONCERNING SAFETY AND HEALTH
RISKS AND PRECAUTIONS, NOR UNDERTAKING
THEIR OBLIGATIONS UNDER LOCAL, STATE, OR
FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICA-
TION I8 TO BE CONSTRUED AS GRANTING ANY
RIGHT, BY IMPLICATION OR OTHERWISE, FOR
THE MANUFACTURE, SALE, ORE USE OF ANY
METHOD, APPARATUS, OR PRODUCT COVERED
BY LETTERS PATENT. NEITHER SHOULD ANY-
THING CONTAINED IN THIS PUBLICATION BE
CONSTRUED AS INSURING ANYONE AGAINST

LIABILITY FOR INFRINGEMENT OF LETTERS
PATENT.

GENERALLY, API STANDARDS ARE RE-
VIEWED AND REVISED, REAFFIRMED, OR
WITHDRAWN AT LEAST EVERY FIVE YEARS.
SOMETIMES A ONE-TIME EXTENSION OF UP
TO TWO YEARS WILL BEE ADDED TO THIS
REVIEW CYCLE. THIS PUBLICATION WILL NO
LONGER BE IN EFFECT FIVE YEARS AFTER
ITS PUBLICATION DATE AS AN OPERATIVE API
STANDARD OR, WHERE AN EXTENSION HAS
BEEN GRANTED, UPON REPUBLICATION.
STATUS OF THE PUBLICATION CAN BE ASCER-
TAINED FROM THE AUTHORING PRODUCTION
DEPARTMENT (TELEPHONE: 214-748-8841), A
CATALOG OF API PUBLICATIONS AND MATE-
RIALS IS PUBLISHED ANNUALLY AND UP-
DATED QUARTERLY BY AMERICAN PETRO-
LEUM INSTITUTE, 1220 L ST., N. W. WASH-
INGTON, D.C. 20005 (TELEPHONE NO. 202-
G82-8275).
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RP §1: Evaluating Short Term Proppant Pack Conductivity ) 5

RECOMMENDED PRACTICES FOR EVALUATING
SHORT TERM PROPPANT PACK CONDUCTIVITY

SECTION 1
GENERAL

1.1 Objective. The objective of these recommended
practices is to establish suggested standard test appara-
tus, test conditions, and procedures for use in evaluat-
ing the short term conduetivity of fracture proppants
under laboratory conditions, These recommended pro-
cedures may be used to evaluate and compare the con-
ductivity of packs of proppant samples under labora-
tory conditions but are not intended for use in obtaining
absolute values of proppant pack conductivities under
downhole reservoir conditions. The effects of fines, for-
mation temperature, formation hardness, resident
fluids, time, or other factors are beyond the scope of
this recommended procedure.

1.2 Test Procedures. This procedure uses dejonized
or distilled water as the test fluid. Normally, ambient
temperature [76 F{24 C)] is employed in the test. Fluids
other than deionized water can be utilized to evaluate
different characteristics of proppant materials, and,
therefore, could be expected to produce differing test
results, Tests using other fluids or temperatures may
be of value in evaluating proppant pack conduetivity.

These tests may be conducted by agreement between
user and supplier,

1.3 Discussion. In these test procedures, a closure
stress is applied across a test unit for sufficient time to
allow the proppant sample bed to reach a semi-steady
state condition (refer to Par. 2.6). Test fluid is forced
through the proppant bed. Proppant pack width, dif-
ferential pressure, and flow rates are measured at each
stress level as test fluid is forced through the proppant
bed. Proppant pack permeability and conductivity are
caleulated, Three different flow rates are tested at each
closure stress: an average of data at these three flow
rates is reported. At stipulated flow rates and ambient
termperature conditions, no appreciable non-darey flow
or inertial effects should be encountered. After complet-
ing three flow rates at a closure stress level, the closure
gtress is increased to a new level; sufficient time is
allowed for the proppant bed to reach a semi-steady
state condition, and three flow rates are introduced to
gather data required to determine proppant pack con-
ductivity at this stress level. The procedure is repeated
until all desired closure stresses and flow rates have
been evaluated.
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SECTION 2

RECOMMENDED CONDUCTIVITY TEST

2.1 Test Medium, This test uses deionized or dis-
tilled water as the test fluid. This test procedure is used
for evaluating proppant pack conductivity under
laminar (darey) flow conditions. To achieve aceurate 4
conductivity measurements, it is essential that single
phase flow oceur under laminar (darey) flow conditions.

2.2 Equipment and Materials. The following equip-
ment and materials should be used in this test
procedure. .

1. Test Unit. The test unit should be a linear flow
design with a 10 square inch {(64.6 em®) proppant
and bed area. Figures 2,1, 2.2, 2.3, and 2.5 illus-
trate details of the recommended test unit. The
pistons (or platens), platen shims, and test cham-
ber should be constructed of 316 stainless steel
material. Figure 2.4 is a schematic diagram of
the flow path(s) through the test unit. Filters for
the test unit may be constructed using 0,125 inch
(0.818 em) thick stainless steel filter material
stock, A five-ton hand punch (or equivalent
equipped with a "5, inch punch filed flat can be
used to eut the filters from the flat filter material
stock, Nominal particle retention sizes are 3 to 10
micron for the exit and 66 micron for all other
ports. Ready-made filters are available and ean

be purchased from numerous commercial sources. &,

2. Hydraulic Load Frame, The hydraulic load
frame should have sufficient capaeity to develop
160,000 pounds foree (667,200 N}, To ensure uni-
form stress distribution, the platens must be
parallel to each other, The hydraulic pressurizing
source must be capable of holding any desired
closure stress [+ 0.5% or 20 psi (140 kPa), which-
ever is greater] over extended time periods. The
hydraulie load frame should be eapable of load-
ing rate changes of 5,000 lbg/minute (2200
N/minute), that is 600 psi/minute (8500 kPa/
minute) on a 10 square inch (64.5 em?) cell, A
properly sized press equipped with a pressure
compengated hydraulic pump is suitable for this
testing, In lieu of a pressure compensated hy-
drauliec pump, the press can be equipped with o
conventional hydraulic pump in combination with
an airfoil booster system capable of the afore-
listed stress level and force control. Appendix A
provides information and a listing of necessary
items for fabrication and modification of an exist-
ing load frame to incorporale airfell booster
pump equipment.

8. Pack Width Measurement Device(s). Pack
width measurements should be made at each end
of the test unit. Dial indieators, mierometers, lin-
ear variable differential transformers (LVDT), or
linear potentiometers capable of measuring to

0.001 ineh (0.0025 em) aceuracy or better can be
used.

. Test Fluid Drive System. The test fluid (deio-

nized or distilled water) should be driven at a
constant flow rate ranging from 1 to 10 mL/min-
ute (= 1.0%). Constant flow rate pumps (e.g.,
chromatographic pumps) have been found satis-
factory for this application. An alternate system
suitable for this application includes a controlled
gas pressure source (e.g., & nitrogen tank and
pressure regulator) driving test fluid at a con-
stant pressure from a piston or bladder accumu-
lator, Pressure pulsation dampening may be
necesgary on some chromatographic pumps and
can be accomplished by use of a piston, bladder
accumulator, or other effective means. Pressure
fluetuations during differential pressure and flow
rate measurements (for conductivity caleulations)
should be maintained less than 2.0%. Each labor-
atory must determine the best technigue and
charging pressure (if a bladder accumulator or
similar device 18 used) for pulsation dampening,
Large pressure spikes may be indieative of pump
problems or trapped gas in the flow system and
should be corrected before proceeding.

Pressure Indicators. Measorement of the differ-
ential pressure within the test cell requires use of
very sensitive deviees, Differential pressure trans-
ducers with a range of 0-1.0 psi (0-TkPa) are usu-
ally satisfactory. The transducer should be capa-
ble of measuring the differential pressure to
+ B% of any data point. If low differgntial pres-
sures [f.e., below 0.1 psi (0.7 kPa)] are encoun-
tered, more sensitive transducers may be re-
quired. (Refer to CAUTTON statement below.)

Figure 2.4 illusirates a plumbing schematic
which will allow calibration during a test using a
eolumn of water, Calibration must be accom-
plished with the actual test fluid in contact with
both sides of the differential pressure measuring
diaphragm.

CAUTION: Most manuwfacturers of differential
preseure transducers classify the accwracy as a
pereent of full seale, A 0-1.0 psi (0-7 kPa) trans-
ducer with +0.5% precision normally implies
+ .005 psi (£ 0.035 kPa) accuracy of any reading,
Sinee o« reading of 0.01 psi (0.07 kPa) may be
comanon, thia ia only £ 50% precision, However,
laboratory experience has shown that, with proper
calibration, many of these types of transducers are
capable of £ 5% for + .0005 psi (£ 0.0035 kPa)]
acouracy af a reading of 0.01 psi (0.07 kPa), Thus,
it 1% important to ealibrate transducers for operat-
thig ab 10% of full seale or less,
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6. Back Pressure Regulators. The back pressure
regulator should be ecapable of maintaining a
downstream pressure 50 psi (850 kPa) + 5%
greater than the vapor pressure of the test fluid
{defonized water).

7. Balanee, The balance used should be capable of
accommodating a minimum eapacity of 100 g
with a precision of 0.1 g or better.

8. Test Fluid. The test fluid should be freshly
degassed [i.e., 1 hour at 26 mm mercury absolute
pressure (8.8 kPa) at 76 F (24 ()] deionized or
distilled water. Viscosity and densily of any test
fluid must be known or measured at test temper-
ature, Table 2.8 should be used to obtain values
for viscosity and density of water.

9. Proppant. Conductivity may be tested on a
volume equivalent fo 0.25 inch (0.64 em) pack
width (unstressed) or on a mass per unit cell sur-
face area, such as 2.0 by, /ft* (9.76 kg/m®). How-
ever, comparison testing should be conducted on
an equivalent volume of proppant material rather
than an equivalent mass. The bulk density of
proppant material to be tested will determine the
amount required for comparison testing. Prop-
pant bulk density should be determined using
procedures shown in Appendix B, “Measurement
of Bulk Density of Proppants.”

10. Temperature Control. The test cell and prop-
pant pack should be maintained at an ambient
temperature of 76 £ 5 FF (24 + 3 C). The temper-
ature of the test fluid at the inlet and outlet ports
(refer to Figure 2.4) should be measured and the
average of these measurements reported as the
test temperature in Figures 2.6 and 2.7. This
temperature will be used to determine the fluid
vizeosity from Table 2.3,

11, Load Measuring Deviece. A temperature com-
pensated electronic load cell should be incorpo-
rated in-line between the hydraulic ram and the
opposing platen of the load frame. This type of
device is preferrved over use of hydraulie pressure
gauges as a method of determining closure stress
applied to the test cell.

Note: If hydranlic gauges are used as a method of
determining elosure siress, in conjunciion with use
of a secondary method of applying closure stress
{e.ir, airfoil booster), care should be exercised to
ensttre hydraulic fluid s not trapped on the veturn
side of the ram causing erromeous caleulations of
closure stress.

2.3 Equipment Calibration.

1. Pressure indicators in the test fluid flow stream
should be calibrated initially and rechecked at
each test as described in Par. 2.2.5. Other com-
ponents of the test apparatus must be calibrated
initially and at least once per year thereafter.

2.4

=

The hydraulic load measuring device should be
calibrated using gauge rings., Dial indicators,
mierometers, LVDT, or linear potentiometers
should be ecalibrated using gauge blocks. Con-
stant flow rite pumps should be tested at several
flow rates with =uitable aceurate balance, eon-
tainers, and timing device (stop watch), High
range pressure gauges and transducers should be
dead weight tested. Low range pressure trans-
ducers should be calibrated with an inclined
manometer or column of water. Use only that
portion of the transducer range which is repeat-
able and linear. The use of backup mechanical
calibration or measuring devices is recommended
for each component in the system.

. Prior to testing the proppant sample, measure

the vertical dimension of the complete test unit
[£ 0.001 inch (+ 0.00256 cm)] equipped with plat-
ens, but without proppant, at each test elosure
stress level, These values will serve as the base
line when ealculating proppant pack widths.

Leak Tests,

Hydraulic Load Frame. The hydraulic system,
i.e.,, lines, fittings, and pumps, should be tested
initially and pericdically at regular intervals
thereafter to make sure there are no leaks. This
may be done by placing an appropriate block of
high strength material [having at least 10 square
inches (64.5 em?®) surface area] between the plat-
ens of the press at maximum load; shut in and
observe to see if the pressure or load change is
greater than &= 2% of maximum reading during a
30 minute period, If the pressure or load varies
significantly, inspect all lines and fittings to find
the leak. If no line leaks are evident, there may
be an internal leak in the control valve or the
hydraulie ram.

Note: Slight changes in pressure or load can be
caused by temperature changes of o few degrees.
Aiy in the hydraulic lines can appear to be a leak
and should be removed prior to initintion of the
tesf.

Test Fluid System. The complete test fluid sys-
tem consisting of pump, lines, fittings, and con-
duetivity test unit should be checked for leaks
initially and at the start of each conductivity test.
To conduet a leak test, the conductivity test unit
should contain at least a monolayer of proppant
material.

Note: With no proppant between the platens,
neither the square seal rings nor the downatream
equtpment can be tested.

Apply at least 500 psi (3500 kPa) closure stress to
the conductivity unit and evacuate the entire sys-
tem, i.e., between the pump discharge and the
back pressure regulator, to an abszolute pressure
of 256 mm mercury (3.3 kPa) at 76 F (24 C). Turn
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off the vacuum pump and determine if the sys-
tem holds pressure. The pressure in the system
should nol change more than 1 mm merceury
(0,13 kPa) in 6 minutes.

Note: If an absolute pressure below 23 mm mer-
cury (3.1 kPa) is attempted and water {8 present
in the evacuated sysiem, an incrense im pressure
will oscur onee the vacuum pump is fwrned off
until the vapor pressure of waler [22.2 mm mer-
ety (2.96 kPa) at 75 F (24 C)] iz attained.

2.6 Preparation of the Test Unit. The following
detalled procedure should be used to assemble and pre-

pare

the test unit for proppant pack eonduetivity

testing,

1.

e

o]

Place a stainless steel filter (item 5, Fig. 2.3) in
the fluid eniry (65 micron) and exit (8-10 mieron)
ports (ports 1 and 5, Fig. 2.4) and in each of the
differential pressure ports (65 micron in ports 2,
3, and 4, Fig, 2.4) from the inside of the condue-
tivity test unit. The set serews (item 6, Fig. 2.8)
should be adjusted so that the filter is flush with
the inside surface of the test unit, Filters should
be replaced periodically as they can become
plugged with crushed proppant. Plugged filters
are evidenced by an increase in the drive pres-
sure necessary to flow through the test unit and
by erratic differential pressure measurements,

Note: When lesting proppants at stress levels
where significant crushing occwrs, the downsiream
filter (port &) will aften become complately plugged
with fine erushed material, thereby preventing flow
through the test unit, If this occurs or is aniiei-
pated, the downstream filter should be removed
(and not replaced) and the filter port packed with
proppant material. This can be accomplished by
turning the test eell on end with discharge port
down, pouring o small amount of proppant dnte
the filter port, and tomping lightly with o punch
or blunt inatrument,

Continue filling and tamping until the port is full
and packed. If this method is used, fine crushed
material will be transported out of the test unit
along with the test fluid, Back pressure regula-
tors or other instrumentation which might he
damaged by the fine erughed material should not
be loeated directly on the discharge line. Back
pressure may be safely supplied by using a pres-
surized accumulator on the discharge line.

Placa the bottom piston equipped with square
ring in the test chamber.

Note: A very small amount of grease applied fo
the beveled edge at the bottom of the chamber
greatly wids efforts to insert the piston and square
ring into the chamber.

Position a proppant platen on top of the bottom
piston, The platen must be flat in order for the

4.

proppant bed to have a uniform eross-sectional
area. Im order to assure uniformity, the depth
from the platen to the top of the test chamber
should be measured with a depth gauge in a min-
imum of three places along the length of the
platen, There should be no more than 0.01 inch
(0.026 ecm) difference in these measurements
between the platen surface and the top of the test
chamber.

Load the test cell with the desired amount of
proppant material using one of the procedures
described below {note that procedure b should be

used for comparizon of propping agents):

a. Mass per umit area (lb,/fi# or kg/m®), Load
the desired amount of proppant which can be
caleulated as follows:

W, = 8150C ........ e (21)
where:

W, = Proppani weight, g

C = Proppant loading, lb,,/ft?

31.60 10.0 x 453.6/122

If C is in kg/m? and W, is in grams, the cenver-
sion factor is 6.4562,

CAUTION: For best reproducibility, the recom-
mended minimum and maximum unstressed prop-
pant pack widths are:

Mindmum pack width = 0.10 tnch (0.25 em),
Maaximum pock width = 0.50 inch (1,8 em),

Operation of the test eell outside these recom-
mended limits may cause damage to the seals
and test cell. CAUTION: The test eell must be
aperated outside the recommended unstressed prop-
pant pack widths e order to determine the base
line measurements for fracture width (refer to Par.
2.8.2). The unstressed proppant pack width can
be approximated as follows:

w, =o01922C.... ... e (22)
2

where;

W; = Proppant pack width, inch

C = Proppant loading, Thy,/ft*

o = Proppant bulk density (refer to

Appendix B), g/em?

If Cis in kg/m?, p iz in g/em?, and Wy is in em,
the conversion factor is 0.100.

b. Unstressed proppant pack width equal to
0.25 inch (0.64 em). There are two methods
for obtaining conduectivity data at an initial,
unstressed pack width of 0.25 inch (0.64 em).
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Courtesy of The Western Company of North America.

FIG. 2.5
EXPLODED SCHEMATIC DIAGRAM OF
API PROPPANT PACK CONDUCTIVITY TEST UNIT

C_TOTMMOOD >

. PROPPANT PACK 7 INCH = 1.5 INCH = W,
. METAL PLATEN

. TEST UNIT BODY

. LOWER PISTON

. UPPER PISTON

TEST FLUID ENTRY/EXIT PORT

. DIFFERENTIAL PRESSURE SENSING PORT
. POROUS METAL FILTER

. SET SCREW

. SQUARE RING SEAL

NOT TO SCALE

Courtesy of The Western Company of North A:

‘opyright © 1989 Society of Petroleum Engineers of AIME, Recent Advances in Hydraulic Fracturing, Richardson, TX.
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1

) Method I, Load the test cell with 41.0 +
0.1 em?® of proppant material. The approx-
imate weight of the reguired proppant
material can be ealeulated as follows:

W, = 410p .ocovivinnnn, verieeees (2.8)
where:
Wy = Proppant weight, g
p = Proppant bulk density (refer to
Appendix B), g/fom?
2) Method IL Conductivity data at an initial

unstressed proppant pack width of 0.25
inch (0.64 cm) can be caleunlated by interpo-
lating between two sets of conductivity
data generated by using the proeedurs de-
seribed in Par, 2.6.4.a. The proppant load-
ing can be calculated for an unstressed
proppant pack width of 0.25 inch (0.64 cm)
by rearranging Equation (2.2) (Par. 2.5.4.a)
and solving for C, while letting W; = 0.26
inch (0.64 em).

C = 1801 ceiiennnnnnnnnnnnn. (2.4)

The interpolated conductivity at the de-
gired stress is ealeulated as follows:

KW, = KWy, + me -kw[) (E:El_) .. (2.5)

k

Ca -Gy

where:

W; = Conductivity of proppant pack having
an initial unstressed paeck width of
0.25 inch (0.64 em), md-ft

kWi, = Conductivity of proppant pack loaded

with C; lby/ft? of proppant, md-ft

kWiz= Conductivity of proppant pack loaded

with Ca Ib,/ft? of proppant, md-ft
Cy = Proppant loading used in test 1, lhy,/ft?
Cy = Proppant loading used in test 2, by, /It2

C, Cy, and'Cy ean also be expressed in units
of kg/m? If kWy and kWy, are expressed
in pm?, then kW; will be expressed in ume.

Note: To minimize interpolation errors, the
proppant loading wsed in fests 1 and 2
should differ by no more than 0.5 by, /ft*
(2.44 kg/m3) and C should fall between C,
and C_g‘

The interpolated proppant pack width at
the desired stress can be caleulated by the
same procedure used to calculate the inter-
polated conductivity, kW, as follows:

Wr = Wq+ (wm _w,.) ('3 —Cl)... (2.6)
G -Gy

where:

W; = Width of proppant pack having an

initial unstressed pack width of 0.25
inuh\{ﬁ.ﬁq em), ineh

Wy = Width of proppant pack loaded with
Gy Iby,/ft2 of proppant material, inch
Wiz = Width of proppant pack loaded with

Cy 1bg/ft2 of proppant material, inch

Note: Refer to Appendiz C for eonversion
Jaetors.

B. Level the proppant material layer in the test unit
with a blade type device (refer to Fig. 2.8). The
proppant material should not be leveled by vibra-
tion or tamping as this will concentrate fines
toward the bottom of the test unit.

6. Place another proppant platen on top of the
leveled proppant pack. This must be done very
carefully without disturbing the proppant mate-
rial. A tab made of masking tape {(or equivalent)
and placed in the center of the platen can be used
as & “"handle" for positioning the platen on the
proppant material layer. Once the platen is in
place, earefully remove the tape “handle,” again
being certain to prevent disturbing the proppant
material.

7. Place the top piston equipped with the square
ring in the test chamber. Lubricate the ring
lightly with grease and push it down by hand
until it contacts the upper proppant platen.

B. Place the test unit between the platens of the load
frame. Apply hydraulie pressure and raise the
lower platen until 1,000 psi (6900 kPa) elosure
stress is applied to the test unit, using & maxi-
mum loading rate of 500 psi/minute (3500
kPa/minuta),

9. Remove residual gas by closing the inlet valve
and exit valve A and pulling a vacuum [25 mm
mereury (3.3 kPa) at 75 F (24 C)] on the outlet
end of the test unit until all gas has been
removed from the unit and transducer lines.
Elowly open the inlet valve and flow degassed
test fluid into the unit uniil the cell, flow lines,
and pressure transducer lines are full. Close
vacuum valve B and slowly bring the test fluid
pressure to operating level or a minimum of 10
psig (69 kPa). Using the bleed ports on the trans-
ducer, ascertain that no gas is trapped in the
trangducer or its associated plumbing.

10. Check for leaks at the test unit fittings or aseo-
ciated plumbing. Repair any leaks and do not
disturb the proppant pack.

11

Check for leaks around the pistons, If leakage is
observed, the test should be terminated and the
test unit repacked with new material, Leakage
problems should be corrected at this time (refer
to Par. 2.5.2).

12, Slowly open exit valve A and adjust the back
prassure, if used,

18. Check uniformity of the proppant pack using one

==

e Of the following procedures:
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a. Measure pack bed width at each end of the
test unit. If there is a difference of 5% or more
between these width measurements, non-
uniform leveling is indicated and the test
should be terminated and the unit repacked
with new material and leveled (refer o Par.
2.6.2).

b. Flow test fluid through the test unit at a con-

gtant rate and compare the pressure drop
between ports 2 and B to the pressure drop
between ports 3 and 4 (refer to Fig, 2.4). Dif-
ferential pressures which vary by 5% or more
indicate non-uniform leveling. If this oecurs,
the test should be terminated and the test unit
repacked with new material and leveled (refer
to Par. 2.5.2). Note that the differential pres-
sure between ports 2 and 3 can be caleulated
by subtracting the differential pressure
between ports 8 and 4 from the differential
pressure between ports 2 and 4 (refer to Fig.
2.4).

2,6 Test Parameters, Tables 2,1 and 2.2 show the
recommended test closure stresses, flow rates, and time
at stress to reach a semi-steady state condition for sand
and high strength proppant materials, respectively. A
maximum loading rate of 500 psi/minute (35600 kPa/
minute) should be used to increase closure stresses in
these tests.

2.7 Calculations.

1. Equation (84) from API RP 27 Recommended
Practice for Determining Permeability of Porous
Media, Third Edition, September 1952 (Reissued
August 1956)* (check latest edition), can be used
to calculate the permeability of proppant packs to
liguid under laminar (darey) flow conditions.

*Available from Ameriean Petroleum Institute, Publications
and Distribution, 1220 L St., N. W,, Washington, D.C. 20005,

TABLE 2.1
RECOMMENDED TEST PARAMETERS FOR SAND PROPPANTS
Closure Flow
Siress,* Rates, Time at Stress for Various Sand Sizes, hr
psi (kPa) em?/minute 12/20 20/40 30/50 40/T0 T0/140
1,000 ( 6,900) 2.6, 6.0, 10.0 1.0 0.26 0.26 0.25 0.26
2,000 (13,800) 2.6, 56,0, 10.0 1.6 0.256 0.26 0.26 0.25
4,000 (27,600) 2.6, 50, 10.0 1.5 100 0.26 0.26 0.25
6,000 (41,400) 1.26, 2.5, b0 1.5 1.00 0.26 0.25 0.26
8,000 (55,200) 1.0, 2.0, 4.0 1.5 1.00 0,75 0.76 0.76
10,000 (69,000 1.0, 20, 40 | 15 _loo 1.00 1.00 1.00

*Note: Use a maximum loading rate of 500 psi/minute (3500 kPa/minute) to achieve closure stress level. The closure stress is equal to
the stress applied to the conduetivity test unit minus the pore pressure of the teat fluid pressure.

TABLE 2.2
RECOMMENDED TEST PARAMETERS FOR HIGH STRENGTH PROPPANTS (ALL SIZES)
Closure Flow Time
Stress,* Rates, at Strass,
psi (kPa) cm?¥/minute hr
1,000 ( &900) 2.6, B0, 10,0 0.26
2,000 (13,800) 2.6, B0, 10,0 0.25
4,000 (27,600) 2.5, b0, 10.0 0.26
6,000 (41,400) 2.6, b0, 10.0 0.26
8,000 (B56,200) 2.5, 5.0, 10.0 0.26
10,000 (69,000) 2.6, 5.0, 10.0 0.2
12,000 (82,700) 2.6, 50, 10.0 0.256
14,000 (96,600) 2.6, 5.0, 10.0 0.26

*Note: TTse a maxirapum loading rate of 500 pai/minute (3500 kPa/minute) to achieve closure streas level. The closure stress is equal to
the stress applied to the conductivity teat unit minus the pore pressure of the test fluid pressure,
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where: Wi = Pack width, inech
k = Proppani pack permeability, darcy AP = Pressure drop (pressure upstream

p = Viscosity of test liquid at test
temperature, cP

Q = Flow rate, emd/s

Length between pressure ports, em

=
i

A = Cross-sectional area of test unit per-
pendicular to flow, em?

AP = Pressure drop (pressure upstream
minus pressure downstream), atm

If AP is in kPa and k is in um? the conversion
factor is 9.74 = 10-%,

When the cross-sectional shape of the proppant
bed is rectangular as it is in a fracture, then:

A =wW, veenens (2.8)
where;
A = Cross-sectional area perpendicular to
flow, cm?
w = Tast unit width, em

Wi = Pack width, em

Equation (2.7) can be rewritten so that either
proppant pack permeability or conductivity can
be caleulated.

To caleulate proppant pack permeability use:

- _#QL .. (2.9)
w(APIW;

To caleulate proppant pack eonductivity use:

kWe= _#QL_ .. (2.10)
w(AP)

To convert kW, from darcy x centimeters {d.cm)
to millidarcy = feet (md-ft), multiply by the con-
stant, 32.8.

. The following information and simplified equa-

tions can he used when making determinations
using the recommended API test unit and
procedures,

a. Proppant Pack Permenbility:

K = 2d4pQ (2.11)
APW,;
where:
k = Proppant pack permeability, md

Viscosity of test liquid at test
temperature, ¢P (refer to Table 2.8)

M

Flow rate, em®minute

=]
i

minus pressure downstream), psi

If Wiis in em, AP is in kPa, and k is in pm? the
econversion factor is 5.411 = 104,

TABLE 2.3
VISCOSITY AND DENSITY OF WATER
AT TEMPERATURE*
{Reference Handbook of Chemistry and Physies,
66th Edition, 1985-86, CRC Press Inc.,
Boca Raton, Fla.)

Temperature, Viscosity, Density,
C(F) cP (mPa-s)** £lem?
20.0 ( 68) 1.002 0.9982
21.0 (70) 0.978 0.98980
220 {72) 0.955 0.9978
280 (73) 0,932 0.9975
24.0 (75 0.911 0.9973
260 (77) 0.890 0.9970
26.0 ( 79) 0.870 0.9968
27.0 ( 81) 0.851 0.99656
B38.0 (100) 0.678 0.9930
49,0 (120) 0,566 0.9886
60.0 (140) 0.466 0.9832
7.0 (160) 0.399 0.9775
82,0 (180) 0.346 0.9705
93.0 (200) 0.304 0.2633
104.0 (220) 0.270 0.9564
116.0 (240} 0.240 0.9464
127.0 (260) 0.217 0.9376
188.0 (280) 0,198 0.9281
148.0 (300} 0.181 0.9182

*These data may be approximated by the following equations:
Density of water, -30 C to 160 C {-22 F to 302 F)

p = (0.99985962 = 0,016945176 T - 79870401 E-6T* - 4.6170461
E-8T* + 0.10666302 E-9T¢ - 0.28054258 E-12TE)/(1 +
0.016BT98E T)

where:

o Density of water, g/em?
T =  Average fluid temperature, C

Wiscosity of water, 20 C to 160 C (68 F to 302 F)

L = ¥

whera:

B = WViscosity of water, el

e = Base of natural logarithm = 2 7182818,

X = (60.359768 - 2.95T0089 T - 0.0024246
TE{106 + T)

**1 ¢P = 1mPa-5
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b. Proppant Pack Conductivity: Note: The following dimensions were used in
coleulating the constanls shown in equations
KW, o 2878Q L (2.12) (2.11) and (2.12):
AP Test unit width, w = 1.5 inch (5.81 em).
Length between pressure poris 2 and 4
where: L = §.0 tnch (12,70 ent).
kW; = Proppant pack conduectivity, md.ft Note: Rofer to Appendin C for oonveraion
Jactors,
p = Test liguid viscosity at test 2.8 Data Reporiing. Data sheets shown in Figures
temperature, ¢P (refer to Table 2.3) 2.6 and 2.7 should be used to record and report test
data, If Method II (refer to Par. 2.5.4.b.2) is used to cal-
Q = Flow rate, em*minute culate interpolated data for a 0.25 inch (0.64 em) initial
unstressed proppant pack width, a pair of data sheeis
AP = Pressure drop (pressure upstream should be completed for the test data at each proppant
' minus pressure downstream), psi loading. The interpolated data for the 0.26 inch (0.64
' em) initial unstressed proppant pack width should be
If AP iz in kPa, and kW; is in pmé.cm, the recorded on a “Short Term Proppant Pack Conduectivity
conversion factor {8 5,411 x 104, Data Reduetion Sheet” (refer to Fig, 2.7).

FIGURE 2.6
SHORT TERM PROPPANT PACK CONDUCTIVITY TEST DATA

Pretest Proppant Sieve Analysis

Weight on
Proppant Type: Size: Sieve No., Sieve, g Percent of Total

TEST CONDITIONS:

; S gom® __ inch¥{em¥)f [
Bulk Density Cell Test Area Test Fluid

b/ ft2ke/mE)t g
Proppant Loading: Proppant Weight PAN

TOTAL - —

DIFFERENTIAL PRESSURE AND FLOW RATE

Pack Width, in. (em Fluid | Fluid
Stress, * mlem™l apy | @ | APn | @ | APy | Qs |Temp.| Viseosity,

psi  (kPa) | Wi | Wy | Ave. Wil psi (kPa)ifemy/minute| psi (kPa)t jem¥/minute|psi (kPa)t|cm?/minute | F (C)f |cP (mPa-s)t

1,000 ( 6,900)

2,000 (1%,800)
4,000 (27,600)
6,000 (41,400}
8,000 (55,200}
10,000 (69,000)
12,000 (82,700
14,000 (96,600)

*Wy, and Wp, are the measured proppant pack widths taken at each end of the test cell.

tWhere dual units are given, indicate unit used.
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FIGURE 2.7
SHORT TERM PROPPANT PACK CONDUCTIVITY DATA REDUCTION

Proppant Type: Size:
Proppant Amouni: by /2 (kg/mHt ft3/ftA m3 m#)t
Bulk Density: gfemd, 1y, /188 (heg/ms)t
Average Temperature: F{C)t Fluid Type:
Imitial Pack Width:* inch (em)t
Stress, Avg. Wi, Avg. Conduetivity, kW, Permeability, k**, Fluid Viseosity,
psi (kPa) inch {em)t md-ft (gm?+ em)t md (pm3t ¢P (mPa -g)t

1,000 ( 6,900)

2,000 (13,800)

4,000 (27,600)

6,000 (41,400)

8,000 (55,200)
10,000 (69,000}
12,000 (82,700)
14,000 (96,500)

*If these data are to be interpolated from other test data to an initial (no load) pack width of 0.25 inch (0.684 em), write “interpolated” bestde
the initial paek width of 0.25 inch (0.64 cm). The initial pack width, Wp,, is calenlated as follows:

Wi (inch) = (12 inches/ft) * Proppant Loading (1by,/{t*)/Bulk Density (b, /ft*), or

Wi, (em) =0.100 = Proppant Loading (kg/m2)/Bulk Density (g/em?).

*The permeability iz calculated from the average conductivity and average width as follows:

k (md) = 12 (inchesfit) » kW; (md + £t)/W} (inch), or

k (pm?) = kW pm2cm/Wy (em).

1Where dual units are given, indicate the unit used.
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APPENDIX A
HYDRAULIC PRESSURE CONTROL

A.1 Components of an air/oil pressure control for
regulating the hydrauliec press with a maximum
working pressure for the hydraulic ram loading
gystem of 6,000 psi (41,000 kPa), If other equipment
is to be used in the tests, consult the equipment manu-
facturer for proper equipment pressure ranges and
appropriate plumbing apparatus.

Three basic component systems are part of this con-
trol system: (1) air/oil booster pump, (2) air pressure
control system, (3) hydraulic pressure control system.
Figure A.1 is a schematic drawing of the complete con-
trol system. The necessary components are available
from many hydraulie eontrol supply organizations,

1. Air/0il Booster Pump:

The booster pump should have a pressure ratio of
1:80. The booster pump should be equipped with a
go-callad "low air pressure control kit” so that it
will operate efficiently at air pressures of less than
20 psi (188 kPa). This modification effectively
allows the entire cycling (start/stop) and pilot
valve system to be independent of regulated air
pregsure to the air drive piston. Refer to Item 7.

2, Air Pressure Control System:
Inlet air shut-off or plug valve, Refer to Item 1.
Air filter, Refer to Item 2.

Air regulator, non-adjustable, set at a pressure
equal to maximum allowable hydraulie pressure
divided by booster pump ratio, l.e, 6300 psi/60 =

BOOSTER
AIR PRESSURE CONTROL, PUMP,

88.8 psi (86,544 kPa/60 = 609 kPa). This is a safety
dovice, Refor to Item 3.

Air repulator, adjustable. Refer to Item 4.

Air pressure gauge, 0-100 psi or 0-1,000 kPa.
Refer to Item 5.

Speed control valve, to control speed of hooster
pumnp. Refer to Ttem 6.

. Hydraulic Pressure Control System Rated at

6,000 psi (41,400 kPa) Maximum Allowable
Working Pressure,

Pressure gauge or fransducer 0-8,000 psi or 0-
50,000 kPa. Refer to Item 8,

Flow checl valve. Refer to [tem 8.

Shut-off valve to pressure frame hydraulie ram,
Refer to Ttem 10,

Pressure relief or pop-off valve set at 5400 psi
(87,223 kPa). This is a safoty device. Refer to Item
11.

Pressure relief, rupture dise, 5,600 psi (38,612
ltPa), This is a safety device. Refer to Item 12.

Shut-off valves to low and high range hydraulic
regulators. Refer to [tema 13 and 14.

Adjustable hydraulic pressure regulators or relief
valves. Low-range — 75 to 750 psi or 620 to 5,200
kPa; high range — 600 fo 6,000 psi or 4,200 to
42,000 kPa. These regulators are used to compen-
sate for the inevitable hydraulic pressure leaks in
the pressure frame loading system. Refer to Items
15 and 186.

HYDRAULIC PRESSURE CONTROL,

ITEMS 8 - 16

'
3

HYDRALULIC
FOUR

—_ e ———

EXISTING HYDRAULIC
OIL RESERVOIR

FIGURE A.1*
SCHEMATIC OF HYDRAULIC PRESSURE CONTROL EQUIPMENT

~ *Courtesy of The Western Company of North Ameriea.

NOT TO SCALE
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APPENDIX B
MEASUREMENT OF BULK DENSITY OF PROPPANTS

B.1 BULK DENSITY
1. Equipment and Materials. The following are

needed to obtain the bulk density of proppant
samples:

a. Analytical balance, 0.01 g precision.

b. 100 mL volumeiric flask (100 mL = 100 cm?® at
75 F).

¢. Proppant sample, dry and free-flowing,

d. Wide mouth funnel, stem to fit inside the volu-
metrie flask,

Procedure. The following procedure may be used
for determining bulk density of proppants:

a. Weigh the clean, dry 100 mL volumetric flask
to 0.01 g precision using the analytical balanee.

b. Place the funnel in the neck of the volumetric
flask and fill it with proppant to the 100 mL
mark. Do not shake the flask or tamp the prop-

pant. Neote: This is a eritical step and must be
done the same way by each person measuring
bulke density.

. Weigh the volumetric flask containing proppant

to 0.01 g precision.

. Caleulate the proppant bulk density using the

following equation:

# =Wy, p-WplV100 ....... e {B.1)

where:

P = Proppant bulk densily, g/fem?

Wiy = Weight of flask and proppant (step c),
g

Wn = Weight of flask (step a), g

Report proppant bulk density in gfem® and
lb,, /it? (refer to Fig. 2.6). Note: by, [fts = gfem? x
624 )
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APPENDIX C
CONVERSION FACTORS
1ft = 0.3048 m
1 inch = 2,64 em
idarey = 1000 md =0.9868 ym?*
1lby, = 4636 g
1 Iby = 4448 N
1 pai = 6.896 kPa
1 atm = 14,7 psi =101.3 kPa
1mmHg = 0.1888 kPa (absolute)
1 mL = 1000 cm?

F = (1.80=C)+32
1cP = 1mPa-s
1lby-g/fi2 = 47.88 Pa-s


DBD
PUC-Rio - Certificação Digital Nº 0510818/CA


254

RP 61: Evaluating Short Term Proppant Paelk Conductivity 21

PUC-Rio - Certificacdo Digital N° 0510818/CA

APPENDIX D
REFERENCES

1. Brown, W., and Much, M. G., “"An Evaluation of Four

Commonly Used Proppants,” Norton-Aleoa Proppants
Publication, February 1986, Norton-Aleoa Proppants,
12221 Merit Dr., Suite 1040, Dallas, TX 75221.

Cobb, 8. L., and Farrell, J. J., “Evaluation of Long-
term Proppant Stability.” SPE 14133, presented at
Society of Petroleum Engineers International Meet-
ing on Petroleum Engineering, Beijing, China,
Mareh 17-20, 1986, Society of Petroleum Engineers,
Richardson, TX,

. MeDaniel, B. W., “Conductivity Testing of Proppants
at High Temperature and Stress,” 8PE 15087, pre-
sented at Soclely of Petroleum Engineers California
Regional Meeting, Oakland, California, April 24,
1986, Society of Petrolenm Engineers, Richardson,
TX.

Roodhart, L., Kuiper, T. 0., and Davies, D. R,
“Proppant Pack Impairment During Hydraulic Frac-
turing," SPE 15629, presented at Society of Petro-
leum Engineers Annual Technical Conference, New
Orleans, LA, October 5-8, 1986, Society of Petroleum
Engineers, Richardson, TX.

6. Beeq, D. F., Roque, C., and Sarda, J. P., “High-

Strength Proppants Eehavior Under Extreme Con-
ditions,” SPE 12487, Proceedings Sixth Society of

Petrolewm Engineers Formation Damage Symposium,
Bakersfield, CA, (February 1984) 147-156, Society of
Petroleum Engineers, Richardson, TX.

. Much, M, G., and Penny, G. 8., “Long Term Perform-

ance of Proppants Under Simulated Reservoir Con-
ditions,"” SPE/DOE 18415, presented at the SPE/
DOE Low Permeability Reservoir Symposium,
Denver, Colo., May 18-19, 1987, Society of Petroleum
Engineers, Richardson, TX.

Penny, G. 5., “An BEvaluation of the Effects of
Environmental Conditions and Fracturing Fluids
Upon Long Term Conduetivity of Proppanis,” SPE
16900, presented at the Society of Petroleum Engi-
neers Annual Technical Conference, Dallas, TX,
September 27-30, 1987, Society of Petroleum Engi-
neers, Richardson, TX.

Parker, M. A., and MecDaniel, B. W., “Fracturing
Treatment Design Improved by Conductivity Meas-
urements Under In Situ Conditions,” SPE 16901,
presanted at the Society of Petroleumn Engineers
Annual Technical Conference, Dallas, Tex., Sop-
tember 27-30, 1987, Society of Petroleum Engineers,
Richardson, TX.

. Handbook of Chemistiy and Physics, Sixty-sixth Edi-

tion, 1985-86, CRC Press Inc., Boea Raton, FL.


DBD
PUC-Rio - Certificação Digital Nº 0510818/CA


PUC-Rio - Certificacdo Digital N° 0510818/CA

Order No. 811-09290

Additional copies available from

AMERICAN PETROLEUM INSTITUTE
Publications and Distribution Section
1220 L Street, NW

Washington, DC 20005
(202) 682-8375 I )

255


DBD
PUC-Rio - Certificação Digital Nº 0510818/CA




