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SPECIAL NOTES

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

APl 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 fed-
eral laws.

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

Nothing contained in any APl publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of |etters patent.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at |east every
five years. Sometimes a one-time extension of up to two years will be 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 ascertained from the APl Upstream Segment [tel ephone (202) 682-
8000]. A catalog of API publications and materials is published annually and updated quar-
terly by API, 1220 L Street, N.W., Washington, D.C. 20005.

This document was produced under API standardization procedures that ensure appropri-
ate 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 com-
ments and questions concerning the procedures under which this standard was devel oped
should be directed in writing to the general manager of the Upstream Segment, American
Petroleum Institute, 1220 L Street, N.W., Washington, D.C. 20005. Requests for permission
to reproduce or trandate al or any part of the materia published herein should also be
addressed to the general manager.

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 APl standards is not intended in any way to
inhibit anyone 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. APl 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 otherwise,
without prior written permission from the publisher. Contact the Publisher,

API Publishing Services, 1220 L Street, N.W,, Washington, D.C. 20005.

Copyright © 2003 American Petroleum Ingtitute
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FOREWORD

API publications may be used by anyone desiring to do so. Every effort has been made by
the Ingtitute to assure the accuracy and reliability of the data contained in them; however, the
Institute makes no representation, warranty, or guarantee in connection with this publication
and hereby expressly disclaims any liability or responsibility for loss or damage resulting
fromits use or for the violation of any federa, state, or municipal regulation with which this
publication may conflict.

Suggested revisions are invited and should be submitted to the general manager of the

Upstream Segment, American Petroleum Institute, 1220 L Street, N.W., Washington, D.C.
20005.
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Sampling Petroleum Reservoir Fluids

1 Introduction

Proper management of production from a natural gas or
petroleum reservoir can maximize the recovery of the hydro-
carbon fluids (gas and ail) originaly in the reservoir. Devel-
oping proper management sStrategies requires accurate
knowledge of the characteristics of the reservoir fluid. Prac-
tices are recommended herein for obtaining samples of the
reservoir fluid, from which the pertinent properties can be
determined by subsequent |aboratory tests.

The objective of reservoir fluid sampling is to collect a
sample that is representative of the fluid present in the reser-
voir at the time of sampling. If the sampling procedure is
incorrect or if samplesare collected from an improperly “con-
ditioned” well, the resulting samples may not be representa-
tive of the reservoir fluid. A non-representative sample may
not exhibit the same properties as the reservoir fluid. The use
of fluid property data obtained from non-representative sam-
ples, however accurate the laboratory test methods, may result
in errors in reservoir management. Poor planning can aso
result in incompl ete data being taken during the sampling pro-
gram. Incomplete data can make it difficult or impossible for
laboratory personnel to perform and interpret tests that pro-
vide accurate and meaningful fluid property information.

Reservoir fluids found in gas and ail fields around the
world vary greatly in composition. In some fields, the fluid is
in the gaseous state and in othersit isin the liquid state; fre-
quently, gas and liquid coexist in a given reservoir. The rocks
which contain these reservair fluids also vary considerably in
composition, and in physica and flow properties. In certain
cases, this can serve to complicate the sampling procedure.
Other factors, such as producing area, height of the column of
hydrocarbon fluid, fracturing or faulting, and water produc-
tion aso serve to distinguish one reservoir from another. The
combination of all these factors affects the choice of sampling
methods and preparations for sampling.

When areservoir is relatively small, a properly taken sam-
ple from a single well can be representative of the fluid
throughout the entire reservoir. For reservoirs which are large
or complex, samples from several wells and/or depths may be
required. Significant variations in fluid composition often
occur in very thick formations, in really large reservoirs, or in
reservoirs subjected to recent tectonic disturbances. Addi-
tional sampling during the later life of a reservoir is not
uncommon because production experience can show that the
reservoir is more complex than earlier information indicated.

Methods for sampling reservoir fluids fall into two genera
categories. They are referred to as subsurface sampling or
surface sampling and, as the names imply, each category
reflects the location at which the sampling process occurs.
Subsurface sampling may also be referred to as downhole or
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bottomhole sampling. Modern open-hole wireline formation
testers now provide the means of recovering representative
samples before the effects of subsequent production take
place. Selection of one particular method over ancther is
influenced by the type of reservoir fluid, the producing char-
acteristics and mechanical condition of the well, the design
and mechanical condition of the surface producing equip-
ment, the relative expense of the various methods, and safety
considerations. Detailed descriptions of recommended sam-
pling methods are presented in subsequent sections of this
document. Factors which should be considered in choosing a
method are al so discussed.

The choice of ether the surface or downhole sampling
method cannot be considered a simple or routine matter. Each
reservoir usually presents certain constraints or circumstances
peculiar to it. For example, field operation requirements can
impose restrictions on the preparation and execution of a
sampling program; sand production or downhole equipment
in the well may limit the use of some of the equipment nor-
mally used in the sampling operation. Wells that exhibit rapid
variationsin production rate present special problemsin mak-
ing the necessary measurements with acceptable accuracy.
Seasonal or daily weather changes can aso influence the
sampling operation. Thus, the details of agiven sampling pro-
cedure often require modification to circumvent local prob-
lems. These modifications are usually made based upon on-
the-spot judgments. Some of the modifications which can be
made to accommodate special situations are presented herein.

Conditioning awell before sampling is almost always nec-
essary. Initial well testing or normal production operations
often result in the fluid near the wellbore having a composi-
tion which has been atered from that of the original reservoir
fluid (for reasons described later). The objective of condition-
ing the well is to remove this atered (non-representative)
fluid. Well conditioning consists of producing the well at a
rate which will move the atered fluid into the wellbore and
allow it to be replaced by unatered (representative) fluid
flowing in from further out in the reservoir. Well conditioning
is especially important when the reservaoir fluid is at or near
its saturation pressure at the prevailing reservoir conditions
because reduction in pressure near the wellbore, which inevi-
tably occurs from producing the well, will ater the composi-
tion of the fluid flowing into the wellbore. The types of
problems which can be encountered in conditioning a well,
and methods for their control are discussed.

Forms for recording the data obtained during well condi-
tioning and sampling operations are included in this docu-
ment. These data furnish a history of the sampling operation,
provide complete identification of the samples, and ad in
interpreting the results of the laboratory examination of the
samples. The use of these forms (or equivalent computer-

Document provided by IHS Licensee=Aramco HQ/9980755100, User=, 03/29/2003
02:51:24 MST Questions or comments about this message: please call the Document
Policy Management Group at 1-800-451-1584.



2 APl RECOMMENDED PRACTICE 44

based information) encourages the collection and reporting of
all essential data.

The development of modern electronic flow metering
allows flow rate data to be collected and recorded very rap-
idly in “real time” This includes field calculations and data
recording in spreadsheet form, which can now be done with
hand-held, laptop, or notebook-type computers. These results
can be transmitted electronically (e-mail) or diskettes can be
mailed in addition to or instead of hardcopy forms. This type
of computer-based data collection will be preferred by many
operators.

The use of modern electronic flow metering and computer
equipment does not mean that wells can be conditioned any
more quickly or that gas and liquid flow rate data will auto-
matically become more representative of reservoir fluid.
However, use of such equipment and methods, if properly
calibrated and understood, should reduce errors and generally
improve the quality of data collected.

Personnel who are inexperienced in reservoir fluid sam-
pling are strongly advised to consult with experienced per-
sonnel regarding the planning of a sampling program,
particularly if complicating situations are anticipated.

2 References

Unless otherwise specified, the most recent editions or revi-
sions of the following standards, codes, and specifications
shall, to the extent specified herein, form apart of this standard.

2.1 REFERENCED STANDARDS

- 1. APl RP 44 Recommended Practice for Sampling
. Petroleum Reservoir Fluids, First Edition, January 1, 1966
- (withdrawn).

- 2. APl Std 2545 Method of Gaging Petroleum and Petro-
leum Products, October 1965, reaffirmed October 1992
(withdrawn).

3. Chapter 3.1B Standard Practice for Level Measure-
ment of Liquid Hydrocarbons in Sationary Tanks by
Automatic Tank Gauging, First Edition, April 1992
(withdrawn).

4, Chapter 4.1 Proving Systems, Introduction, First Edi-
tion, July 1988 (withdrawn).

5. Chapter 5.1 General Considerations for Measurement
by Meters, Second Edition, November 1987, reaffirmed
October 1992 (withdrawn).

6. Chapter 5.2 Measurement of Liquid Hydrocarbons by
Displacement Meters, Second Edition, November 1987,
reaffirmed March 2002.

7. Chapter 5.3 Measurement of Liquid Hydrocarbons by
Turbine Meters, Second Edition, November 1987, reaf-
firmed October 1992 (withdrawn).

8. Chapter 7.1 Satic Temperature Determination Using
Mercury-in-Glass Tank Thermometers, First Edition, Feb-
ruary 1991 (withdrawn).
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9. Chapter 7.2 Dynamic Temperature Determination,
First Edition, June 1985 (withdrawn).

10. Chapter 7.3 Satic Temperature Determination Using
Portable Electronic Thermometers, First Edition, July
1985, reaffirmed March 1990 (withdrawn).

11. Chapter 9.1 Hydrometer Test Method for Density, Rel-
ative Density (Specific Gravity), or APl Gravity of Crude
Petroleum and Liquid Petroleum Products, First Edition,
June 1981, reaffirmed October 1992 (withdrawn).

12. Chapter 10.1 Determination of Sediment in Crude
Qils and Fuel Qils by Extraction Method, First Edition,
April 1981, reaffirmed October 1992 (withdrawn).

13. Chapter 10.2 Determination of Water in Crude Oil
by Didtillation, First Edition, April 1981, reaffirmed
December 1999.

14. Chapter 10.3 Determination of ater and Sediment in
Crude Qil by the Centrifuge Method (Laboratory Proce-
dure), First Edition, April 1981, reaffirmed December 2000.
15. Chapter 10.4 Determination of Sediment and Water in
Crude Qil by the Centrifuge Method (Field Procedure),
Second Edition, May 1988 (withdrawn).

16. Chapter 10.7 Sandard Test Method for Water in
Crude Oil by Karl Fischer Titration (Molumetric), First
Edition, February 1991 (withdrawn).

17. Chapter 11.1 Volume Correction Factors, Volume |,
August 1980, reaffirmed August 1987.

18. Chapter 14.3 Natural Gas Fluids Measurement, Con-
centric, Square-Edged Orifice Meters, Part 1 “General
Equations and Uncertainty Guidelines,” Third Edition,
September 1990, reaffirmed December 1998.

19. Chapter 14.3 Natural Gas Fluids Measurement, Con-
centricc Sguare-Edged  Orifice Meters, Pat 2
“Specification and Installation Requirements,” Third Edi-
tion, February 1991 (withdrawn).

20. Chapter 14.3 Natural Gas Fluids Measurement, Con-
centric, Square-Edged Orifice Meters, Part 3 “Natural Gas
Applications” Third Edition, August 1992, reaffirmed
December 1998.

21. Chapter 15 Guideines for Use of the International
System of Units () in the Petroleum and Allied Indus-
tries, Second Edition, December 1980 (withdrawn).

2.2 OTHER REFERENCES

22. Creek, JL. and Schrader, M.L.: “East Painter Res-
ervoir. An Example of a Compositional Gradient From a
Gravitational Field,” Paper 14411 presented at the
Annual Technical Conference and Exhibition of the
Society of Petroleum Engineers of AIME, Las Vegas,
Sept. 22 — 25, 1985.

23. Dake, L.P: Fundamentals of Reservoir Engineering,
Elsevier Scientific Publishing, Co., New York, New
York, 1978.
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24. Fussl, D.D.: “Sngle-WAll Performance Predictions
for Gas Condensate Reservoirs” Journal of Petroleum
Technology, 860, July (1973).

25. McCain, W.D., Jr. and Alexander, R.A.: “Sampling
Gas-Condensate Wells,” Society of Petroleum Engineers
Reservoir Engineering, 358, August (1992).

26. McCain, W.D., J.: The Properties of Petroleum Fluids,
Petroleum Publishing Company, Tulsa, Oklahoma, 1973.
27. Metcdfe, R.S, Vogel, J.L., and Morris, R.W.: “Com-
positional Gradient in the Anschutz Ranch East Field,”
Paper 14412 presented at the Annual Technica Confer-
ence and Exhibition of the Society of Petroleum
Engineers of AIME, LasVegas, Sept. 22 — 25, 1985.

28. Moffatt, B.J. and Williams, JM.: “Identifying and
Meeting the Key Needs for Reservoir Fluid Properties
Paper 49067 prepared for the Annua Technical Confer-
ence and Exhibition of the Society of Petroleum
Engineers of AIME, New Orleans, Sept. 27 — 30, 1998.
29. Proett, M.A., Gilbert G.N., Chin, W.C., and Monroe,
M.L.: “New Wreline Formation Testing Tool with
Advanced Sampling Technology,” Paper 56711 presented
at the Annual Technical Conference and Exhibition of
the Society of Petroleum Engineers of AIME, Houston,
Oct. 3 -6, 1999.

30. Smits, A.R., Fincher, D.V., Nishida, K., Mullins,
O.C., Schroeder, R. J,, and Yamate, T.: “In-Stu Optical
Fluid Analysis as an Aid to Wireline Formation Sam-
pling,” Paper 26496 presented at the Annual Technical
Conference and Exhibition of the Society of Petroleum
Engineers of AIME, Houston, Oct. 3 -6, 1993.

31. Standing, M.B.: Volumetric and Phase Behavior of
Oil Field Hydrocarbon Systems, 10, Reinhold Publishing
Co., 1952.

32. Teyssandier, R.G. and Beaty, R.: “New Orifice Meter
Sandards Improve Gas Calculations,” Oil & Gas Journal,
40, January 11 (1993).

33. Williams, JM.: “Fluid Sampling Under Adverse Con-
ditions” Revue de I'Institut Francais du Petrole, 53 [3]
355, May — June 1998.

The documents listed above in references 1 — 21 are avail-
able from Globa Engineering Documents, 15 Inverness Way
East, Englewood, Colorado 80112-5776. To order, send a fax
(303) 397-2740, call: (1-800) 854-7179 (toll-free in the U.S.
and Canada) or (303) 397-7956 (Loca and International), or
visit them online at www.global .ihs.com.

3 Definitions

3.1 bubble point: The state of a liquid-phase system
when it is in equilibrium with an infinitesmal amount of
vapor phase.
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3.2 bubble-point pressure: Thefluid pressurein asys
tem at its bubble point. (Often referred to as “saturation
pressure.”)

3.3 condensate: A liquid formed by condensation from a
vapor phase. Within the reservoir, “condensate’ is a liquid-
hydrocarbon phase formed by retrograde condensation from
the vapor phase upon pressure reduction. At the surface,
“condensate” is a liquid-hydrocarbon phase formed by con-
densation from the vapor phase upon pressure and/or temper-
ature reduction.

3.4 dew point: The state of a vapor-phase system when it
isin equilibrium with an infinitessimal amount of liquid phase.

3.5 dew-point pressure: The fluid pressure in a system
at its dew point. (Often used interchangeably with “ saturation
pressure.”)

3.6 gas saturation: Thevolumetric percentage of the pore
spacein areservoir rock that is occupied by the gaseous phase.

3.7 liquid saturation: The volumetric percentage of the
pore space in a reservoir rock that is occupied by a liquid
phase.

3.8 productivity index: Therate of liquid production (oil
plus water) divided by the difference between the prevailing
reservoir pressure and the flowing pressure at the formation
face, expressed as flow rate per unit pressure difference.

3.9 reservoir fluid: A natural underground accumulation
consisting primarily of hydrocarbon compounds. The reser-
voir fluid may be either aliquid or a gas and may contain cer-
tain non-hydrocarbon compounds. The non-hydrocarbons
which are of greatest importance in sampling are nitrogen,
carbon dioxide, hydrogen sulfide, helium, and water. Free
water (brine) that flowsinto the well with the reservoir fluid is
not considered here to be apart of the reservoir fluid.

3.10 saturated liquid: A liquid that is in equilibrium
with avapor at the prevailing pressure and temperature.

3.11 saturated vapor: A vapor that is in equilibrium
with aliquid at the prevailing pressure and temperature.

3.12 saturation pressure: The pressure at which a
vapor and aliquid arein equilibrium. “ Saturation pressure” is
often used interchangeably to describe either “bubble-point
pressure” or “dew-point pressure.”

3.13 separator gas-oil ratio: The ratio of separator gas
rate to separator oil (or condensate) rate, typically expressed in
terms of standard gas volume per unit oil volume (e.g., sandard
cubic ft of separator gas per barrel of separator oil or conden-
sate). Thisdefinition requires specification of wherethe gasrate
is measured (primary or total) and, likewise, the ail rate (pri-
mary or stock tank-flow rate adjusted to standard conditions).

3.14 separator oil relative-volume factor: The vol-
ume of separator oil at separator conditions of pressure and
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4 APl RECOMMENDED PRACTICE 44

temperature divided by the volume of stock-tank oil at stock-
tank conditions.

3.15 stock-tank oil: The hydrocarbon liquid (oil or con-
densate) that is collected in a surface storage tank at atmo-
spheric pressure after the produced well fluid has been
processed through a gas-oil separation system.

3.16 undersaturated fluid: A liquid capable of holding
additional gaseous componentsin solution or avapor capable
of holding additional liquid components in solution at the
specified pressure and temperature.

4 Planning the Sampling Program
41 GENERAL

The optimum situation, when the objective is to obtain a
sample of the origina reservoir fluid, is to collect samples
before the bottomhole flowing pressure has dropped below the
reservoir fluid saturation pressure. The fluid entering the well-
bore under such conditions will be representative of the origi-
nal reservoir fluid, since the fluid has not been subjected to
pressures below the saturation pressure at any point in the
near-well region. When the pressure in the near-well region is
reduced below the saturation pressure of the original reservoir
fluid, the fluid separates into two phases (gas and liquid) hav-
ing differing compositions. This amost always gives rise to
flow rates of gasand liquid that result in afluid composition in
the wellbore which differs from that of the origina reservoir
fluid, at least during the initial period after flow is established.

The most frequent occurrence in sampling operations is
that the pressure at the producing level in the wellbore is
reduced (drawn down) below the fluid saturation pressure,
while the static (shut-in) reservoir pressure is till above the
saturation pressure. Under such circumstances, it is still pos-
sibleto collect representative samples of the original reservoir
fluid, but considerably more effort is required to properly
“condition” thewell prior to sampling. Methods to do thisare
described below. If sampling is delayed until the static reser-
voir pressure drops bel ow the saturation pressure of the origi-
nal reservoir fluid, representative samples of the original fluid
can no longer be obtained. This provides strong incentive for
sampling early in the life of a reservoir, especially since the
actual saturation pressure will not be known conclusively
until samples have been taken and studied in the |aboratory.

" If the reservoir fluid is known to be undersaturated at the
prevailing reservoir pressure (based on well test data and the
application of engineering correlations?3.26:31 to egtimate the
saturation pressure), sampling may be delayed until other
wells have been drilled. The permissible extent of this delay
depends upon the degree of undersaturation and the rate of
decline of reservoir pressure. The problem with such a strat-
egy isthat the saturation pressure of the reservoir fluid is sal-
dom known initially. In stuations where the saturation
pressure of the fluid is essentially identical to the origina res-

COPYRIGHT 2003; American Petroleum Institute

ervoir pressure, samples should be taken as soon as possible
after the well is completed and cleaned up. Many of the prob-
lems associated with well conditioning can be avoided by
sampling before the reservoir pressure declines below the
original reservoir fluid saturation pressure.

A paradox exists in that the goals of initial well testing (to
determine the flow capacity and reservoir limits) often dictate
that the near-wellbore pressure be reduced significantly
below the saturation pressure of the fluid. Fluid sampling
could be done in advance of such testing; however, subse-
quent well testing might reveal that samples are not needed
because the reservoir istoo small to merit development. Typi-
caly, afield discovery well is subjected to the most severe
drawdown pressures and depletion during production testing.
Therefore, the second well drilled in the field may be much
more suitable for recovery of representative fluid samples.
Fluid samples still are usually collected from the discovery
well because the fluid properties required to evaluate the res-
ervoir are needed as soon as possible.

Certain circumstances may make it necessary to obtain
samples of the fluid being produced from the reservoir after
the pressure has declined below the original saturation pres-
sure, whether or not original reservoir fluid samples were
obtained from previous sampling. For example, the earlier
sampling program might have been insufficient in scope, or
properties of the reservoir fluid at alater time might be useful
for comparison with the properties predicted from the [abora-
tory test results on the earlier samples. In addition, samples of
the prevailing well effluent are often useful in planning sales
contracts, in designing processing plants, or in planning
enhanced recovery operations. However, taking fluid samples
after the static reservoir pressure has declined below the orig-
inal saturation pressure is poor practice, and is not recom-
mended unless thereis no aternative.

4.2 FACTORS THAT INFLUENCE PLANNING
4.2.1 Types of Reservoir Fluids

Reservoirs are usually described in terms of the type of fluid
which comprises the mgjor portion of the hydrocarbon accu-
mulation. These fluid-based reservoir descriptions include:
conventional crude oil (black ail); volatile oil; near-critica
fluid, which may be a highly volatile oil or very rich gas con-
densate; gas-condensate; wet-gas; and dry-gas reservoirs.

Decisions regarding optimum well conditioning and sam-
pling strategies can be affected by the behavior of the reservoir
fluid at both reservoir and surface conditions. Thus, an under-
standing of the qualitative behaviors of the different fluid
types is essential in the planning process. |Figure il illustrates
the behaviorof the six classes of reservoir fluidslisted above.
In| Figures 1a|— 1f, the behavior of the fluid (phase enve-
lope) 1s shown as a function of temperature (T) and pressure
(p), and the regions inside the phase envelopes indicate the
temperature and pressure conditions at which the reservoir
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fluid exists as two separate phases (gas plus liquid). The lines
labeled “BP” indicate the conditions of T and p wherethe fluid
exists at a bubble-point state, while “DP’ denotes the location
of dew-point states. The point labeled “C” denotes the critical
point of thefluid. (Detailed discussions of these types of phase
diagrams appear in avariety of textbooks?3.26,31)

or adry gasillustrates that the two-phase region
does not intersect the reservoir temperature at any pressure. As
aresult, the fluid is dways in a single-phase (gas) state in the
reservoir. Further, the small boxed area on(“ Sepa
rator Conditions’) represents the approximate temperatures
and pressures at which field surface separators typically oper-
ate, relative to the phase envelope. Here we see that at separa-
tor conditions the dry gas is not in the two-phase condition;
consequently, no liquids can be recovered at conventional field
separator operating conditions. Thus, the dry gasis“dry” both
in the reservoir and at the surface.

[ Figure 1b |llustrates the behavior of awet gas. Asir Figure |
1a| the fluid does not form two phases at any pressure at reser-
Voir temperature; thus, this gasis “dry” in the reservoir. How-
ever, at the lower temperatures and pressures encountered in
surface separators, the fluid exists as two phases. The wet gas
can, then, produce liquid (condensate) in the surface separators.

[ Figure 1c Jshows the phase behavior of a gas condensate
(sometimes referred to as retrograde gas condensate). Here
we seethat at high pressures at reservoir temperature the fluid
can exist as a single (dense) phase, but as the pressure
declines during the production life of the field, the fluid will
enter the two-phase region by passing through a dew-point
condition. At pressures below the dew-point pressure, liquid
will condense (drop out) in the reservair.

[Figure 1d|illustrates a critical fluid, characterized by the
reservoir temperature being essentially identical to the critical
temperature of the fluid. Although not evident from the illus-
tration, afluid passing through its critical point (as pressureis
reduced) will separate into essentialy equa volumes of vapor
and liquid at the critical pressure. Thus, large saturations of
both gas and liquid are formed essentially instantaneously in
the reservoir as the reservoir pressure drops below the critical
pressure. Even if the reservoir temperature is not exactly
equal to the critical temperature (a “near-critical” fluid), two
phases of high saturation are formed almost immediately
upon pressure reduction below the saturation pressure. If the
reservoir temperature is just above the critica temperature,
the near-critical fluid will behave as a very rich condensate. If
thetemperatureisjust below the critical temperature, the fluid
will behave asavery volatile oil. Needless to say, thistemper-
ature-sensitive behavior requires accurate reservoir tempera-
ture datain order to correctly interpret the laboratory test data
on these types of reservoir fluid.

| Figure 1e|represents the behavior of avolatile oil. Thisfluid
is characterized by having a critical temperature only dightly
higher than the reservoir temperature. Thus, while the fluid
may be a single-phase liquid at high pressures, it will separate
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into two phases at lower pressures, passing through a bubble-
point condition as shown in theillustration. Volatile cils are fur-
ther characterized by the fact that high gas saturations are
established at pressures only dightly below the bubble-point
pressure (i.e., gas evolves rapidly from the oil and the oil phase
shrinks rapidly as pressureis reduced below the bubble point).
Figure 1f shows the behavior of a conventional crude oil
("brackait™). Asinthefluid may be a single-phase
liquid at high pressures in the reservoir, but pressure reduc-
tion during reservoir depletion will eventualy lead to a two-
phase condition as the fluid passes through a bubble-point
state. In contrast to volatile oils, gas evolution is not as rapid
below the bubble point, so gas saturations in the reservoir are
established more gradualy, and the oil shrinks more gradu-
ally than for avolatile oil.

4.2.2 Effect of Reservoir Fluid Type on Planning

If sampling a reservoir is delayed until the pressure has
falen substantialy below the origina fluid saturation pres-
sure, it is unlikely that the original reservoir fluid can be
reproduced exactly in the laboratory. In such a situation, if
properly justified, certain of the original fluid properties may
sometimes be estimated for oils (but not for condensates and
with more difficulty for volatile cils) by extrapolating the
sample propertiesto origina reservoir pressure. This practice,
however, contains inherent uncertainties and should be
avoided whenever possible.

When the sampling of a gas-condensate reservoir is
delayed until the pressure has declined below the reservoir
fluid saturation pressure, the composition of the well effluent
can be significantly different from that of the original fluid®.
As the pressure drops below the saturation pressure, a liquid
hydrocarbon phase (containing the highest molecular weight
constituents) begins to condense from the gas and deposit in
the formation. Thereafter, the well effluent will not have the
same composition as the original reservoir fluid. Predicting
well-effluent compositions at later stages of depletion will be
much more difficult if sampling is delayed until the reservoir
pressure has declined below the fluid saturation pressure.

When the pressure on a near-critica reservoir fluid drops
dightly below the origina saturation pressure, the second
hydrocarbon phase forms rapidly and can occupy an apprecia-
ble part of the tota hydrocarbon volume at pressures only
dightly below the original saturation pressure. Whether the
second phase is a gas (evolved from a volatile ail) or aliquid
(deposited from a gas condensate) depends upon the composi-
tion of the fluid and the reservoir temperature. In either case,
formation of the second phase causes substantial changesin the
well effluent composition, and obtaining a representative sam-
ple of the origina reservair fluid becomes virtualy impossible.

The hydrocarbon fluid in dry-gas or wet-gas reservoirs
maintains a uniform composition throughout the depletion of
the reservoir since the fluid is aways in single phase state in
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Figure 1—Reservoir Fluid Types

the reservoir. Thus, a representative sample of the original
fluid can he obtained at any time during the reservair life. A
dry gasalso producesno liquid at typical field separator condi-
tions, so a single-phase sample can be collected at the well-
head or other convenient location. Conversely, awet gas does
partially condense at surface separator conditions, so separator
sampling is typically employed. However, since the well-
stream composition does not change with time, the separator
samples can be taken at any time. Care must be taken, how-
ever, since distinguishing between awet gas and a gas conden-
sate may be difficult, if not impossible, before laboratory
testing of thefluid. For the gas condensate, as described above,
delay in sampling can have adverse consegquences. Again, the
best policy isto take samples as early aspossiblein al cases.

Thelocation of thewell selected for sampling should be con-
sidered carefully. The composition and physical properties of
the reservair fluid can vary significantly over the area of alarge
reservoir. Generally, comparisons of gas-oil ratios, tank-oil
gravities, and bottomhole temperatures and pressures among
thewelsin the reservoir will indicate whether significant varia-
tionsin reservair fluid properties exist. When the compositions
of samples from different wells in the same formation show
sgnificant variations, sampling from multiple wells is advis-
able. The wells selected for sampling should reflect the ranges
of gas-ail ratio and tank-ail gravity in thefield.

The composition and physical properties of the oil in unusu-
ally thick or steeply dipping reservoirs may aso vary signifi-
cantly with depth in the formation?227, Sampling to determine
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such variation in fluid properties requires specia techniquesto
carefully isolate the production at selected intervals over the
formation face. The number of intervals to be sampled will
depend upon the degree of detail required in the reservoir
study. In steeply dipping reservoirs, this may require sampling
from several wellsto cover the desired range of depths.

The condition of the reservoir fluid in the vicinity of the
wellbore must be taken into consideration. This can be done
by studying the gas-oil ratio history asit is related to the rate
of production. For oils, correlations of reservoir-fluid
properties?326:31 may be useful aids in estimating whether
the produced fluid is saturated or undersaturated at the reser-
voir temperature and pressure. If an undersaturated fluid is
clearly indicated, sampling is greatly simplified. If a saturated
fluid isindicated or if it appears that excess gas is being pro-
duced, the task of conditioning the well becomes more
involved. Producing a well at high rates of flow can cause
alteration of asubstantial volume of fluid around the wellbore
if the bottomhole flowing pressure is significantly less than
the fluid saturation pressure.

The above discussionsiillustrate that, if the original fluid in
the reservoir has never been subjected to pressures below the
saturation pressure at any point in the reservoir, proper sam-
pling can yield a representative sample of the origina fluid.
Very commonly, however, even when the static (shut-in) pres-
sure in the reservoir has always been above the saturation
pressure, the pressure at flowing bottomhole conditions may
be substantially lower than the saturation pressure. In such
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cases, an acceptabl e (although not perfect) sample of the orig-
inal fluid can be obtained if the well is properly conditioned.
If the static reservoir pressure is above the saturation pres-
sure, proper conditioning will lead to an amost steady-state
(pseudo-steady state) condition in which the composition of
the fluid entering the wellbore is very near that of the original
fluid. Detailed discussions of this phenomenon are given
elsewhere?425. Once the pressure throughout the reservoir is
below the saturation pressure, representative samples of the
original fluid can no longer be obtained.

Additional complications can occur if fluid production
comes from two or more zones (containing fluids of different
composition). These fluids, which are commingled in the
wellbore can, if not properly identified, give the appearance
of a produced fluid which exhibits properties different from
any of the fluids in the individual zones. For example, the
producing gas-ail ratio from a well might be 12,000 scf/bbl
(typical of a gas condensate). However, if the gravity of the
stock-tank oil islow enough to be typical of a conventional or
“black” oil, commingled production from separate zones or
gas coning might be suspected. Beware that API gravity isnot
an absolute indicator of reservoir fluid type, and is afunction
of separator conditions.

Similar problems can occur in deviated wells if multi-phase
fluids are flowing downhole where a bottomhole sampling tool
will lay on the low side of the wellbore and, therefore, sample
only the heavy fluid phase. Under these multi-phase condi-
tions, bottomhole samplers should not be used; surface sam-
ples should be collected. This Stuation points out the
importance of proper well conditioning and planning?. A
review of the producing gas-oil ratio data and estimated satura
tion pressure of the reservoir fluid might allow prediction of the
multi-phase conditions. If there is doubt, perhaps both subsur-
face and surface samples should be collected for comparison.

4.2.3 Other Considerations

The producing characteristics of each well should aso be
considered. Desirable producing characteristics are: (1) no
water production; (2) gas-ail ratio and tank-oil gravity typical
of surrounding wells; (3) relatively high productivity index;
and (4) steady flowswith no “heading.”

A well that produces even small amounts of water can be
troublesome. If possible, awell should be eiminated from con-
sideration if the portion of the reservoir it penetrates includes a
water contact. If a water-producing well must be considered,
adequate precautions must be taken. Give first consideration to
the well having the thickest oil column and having its perfora
tions amaximum distance above the oil-water contact.

Generdly, it is best not to sample from an oil well near a
gas-ail contact. If the gas-cap area cannot be avoided, a well
having the thickest oil column and perforations low in the oil
zone should be considered. In most instances, sampling for
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gasor oil should be done asfar asfeasible from agas-ail, gas-
water or oil-water transition zone.

4.3 SAMPLING METHODS

As mentioned in Section 1, the choice of sampling method
can be influenced by a number of important considerations.
Theseinclude the volume of sample required by the laboratory,
the type of reservoir fluid to be sampled, the degree of deple-
tion of the reservoir, the mechanical condition of the wellbore,
and the type of available gas-oil separation equipment.

4.3.1 Subsurface Sampling
4.3.1.1 Bottomhole Samplers

The conventional subsurface method consists of lowering a
sampling device, usualy caled a“bottomhole sampler,” down
the well to a pre-selected depth. The bottomhole samplers can
be used in either open-hole or cased-holewells, and can berun
intubing. A sample of the fluid in the wellbore at that depthis
trapped in a pressure-tight section of the sampler. The sampler
is brought to the surface where the sample is repressured and
restored to single-phase condition, then it may be transferred
to a suitable pressure vessel for transporting to the laboratory.
Bottomhole samplers are available in a variety of configura-
tions: design details and operating instructions can be obtained
from the vendors of such equipment.

The subsurface sampling method is often used when the
flowing bottomhole pressure is greater than the reservoir oil
saturation pressure. Some types of bottomhole samplersfunc-
tion poorly with highly viscous and foaming oils. The opera-
tor should study the operation of the sampler and then decide
if a representative sample can be collected with it. Mechani-
cal obstructions, such as a downhole choke or a bent or col-
lapsed section of tubing can prevent the sampler from -
reaching the desired sampling depth. Produced sand can also
form an obstruction. When a large volume of sample is’.
desired, the relatively small sample provided by abottomhole -
sampler requires repetition of the sampling operation. How-
ever, modern designs of subsurface samplers incorporate
larger volume and/or multiple sample containers?9.30,

4.3.1.2 Formation Testers

The modern open-hole wireline samplers?®30 consist of a
probe and seal assembly that can be extended against the side
of the wellbore to achieve a pressure tight flow path between
the reservoir layer and the tool flow line leading to one or sev-
eral chambers that can be selectively opened and closed by
control from the surface. A suitable pressure gauge enables
accurate measurement of the flow line pressure.

Whereas the bottomhole samplers collect a fraction of
whatever fluid is inside the wellbore, the formation testers
collect fluid samples directly from the formation. Modern for-
meation tester tools can pump out drilling and completion flu-
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ids before collecting an uncontaminated sample of reservoir
fluid. This ability to pump out unwanted fluids overcomes the
serious disadvantages of earlier designs. However, increasing
use of oil base muds during drilling has resulted in common
problems with contamination of fluid samples30:33,

Procedures areidentical to those used for conventional bot-
tomhole samplers. However, to minimize possible handling
incidents that may affect their integrity, samples should be
shipped to the PVT laboratory in the sampling chamber
whenever possible rather than being transferred into shipping
containers at the well site.

4.3.2 Surface Sampling

The surface sampling method consists of taking samples of
separator oil and gas (seglFigure 2) with concurrent and accu-
rate measurements of the rates of separator oil and gas flow.
The reservoir fluid is recongtituted in the laboratory by recom-
bining the oil and gas samples in proper proportion as deter-
mined from the producing gas-oil ratio. Large volumes of both
oil and gas samples can be easily obtained with this method.

Before samples are taken, fluid flow into the wellbore, in
the flow string, in the separators, and through the points
where the oil and gas rates are measured must be stabilized.
Also, the oil and gas flow rate determinations must be accu-
rate. Therefore, the facilities for making these determinations
must be in excellent condition and operated by persons thor-
oughly instructed in their use. Metering equipment must be
properly calibrated. The importance of these calibrations can
not be overemphasized. Any errors in the gas-oil ratio mea-
surement will be reflected in the recombination calculations
and can prevent the laboratory personnel from properly
recongtituting the reservoir fluid.

As an example, recording an incorrect orifice diameter for
agas orifice meter can easily result in a 50% error in bubble-
point pressure measured on a recombined oil sample. Thisis
not trivial and helps to illustrate the importance of accurate
flow measurement data for surface sampling.

On the other hand, other cases have shown excellent agree-
ment in measured fluid properties between recombined sur-
face samples and subsurface samples, thereby confirming that
the surface sample method can provide good results, if good
samples are collected and if flow measurement data are accu-
rate and representative.

4.3.3 Wellhead Sampling

Thisis aless common, but potentialy valuable, alternative
to the previoudy mentioned approaches. If afluid is known to
be in the single-phase state at the wellhead conditions of tem-
perature and pressure, this technique can produce the easiest
and most reliableresults. Typically, it isemployed only for oils
which are highly undersaturated at wellhead conditions or for
dry gases. The problem in using wellhead sampling is know-
ing that the fluid istruly single-phase at the sampling point.
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4.3.4 Relative Advantages of Subsurface and
Surface Sampling

Thefollowing summary of relative advantages of subsurface
and surface sampling should be considered in sdlecting the
more appropriate sampling technique for a given application.

a. Advantages of subsurface sampling:
1. Callectsthe desired sample directly.
2. Can maintain full pressure on sample (with specia
sampling tool).
3. Avoids use of surface separators, and the proper sizing
of separators.
4. Avoids the need for flow rate metering devices, and
their proper sizing and calibration (for determination of
producing gas-oil ratio).
5. Requires less sampling information be transmitted to
testing laboratory.
6. Eliminates potential errorsin recombination of gasand
oil samplesrequired for surface samples.
7. Fewer sample containers need to be transmitted to the
field, since three subsurface samples can supply an ade-
guate quantity of sample for routine laboratory studies.

b. Advantages of formation testers:
1. Same advantages as subsurface sampling above.
2. Collects the desired sample directly from the
formation.
3. Sample represents reservoir fluid over a very narrow
depth interval.
4. Sample not affected by fluid segregation in the
wellbore.
5. Can sample reservoir fluid even if water is standing in
wellbore.
6. Can sample reservoir fluid at originad conditions
(before any reservoir fluid has been produced).
7. Controlled pressure draw-down during sample
collection.

c. Advantages of surface sampling:
1. Relatively easy, convenient and less expensive com-
pared to subsurface sampling (e.g., no rig or wireline unit
isrequired on location).
2. Avoids loss of production during required shut-in
period for subsurface sampling (period of 1 — 4 days, or
more for low deliverability wells).
3. Avoidsthe potential for getting the subsurface sampling
tool stuck or lost if the tubing is damaged or deviated, or if
the sampling tool is lowered below tubing level.
4. Applicable to cases where water is expected in tubing
at the depth of the producing formation, where subsurface
sampling cannot be used.
5. Does not require that single-phase fluid be produced
into the wellbore.
6. Preferred method  for
reservoirs.

saturated  gas-condensate
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Figure 2—Typical Surface Separator System

7. Applicable to gas condensates, wet and dry gases,

where subsurface sampling is generally inappropriate.

8. Applicable to viscous and foamy ails, where obtaining

satisfactory subsurface samples may be difficult.

9. Large volumes of samples and replicate samples are

easier to obtain than by subsurface samplers.

In generdl, the advantages reported for subsurface sam-
pling identify disadvantages in surface sampling and vice
versa. One exception is the frequent problem of sample con-
tamination by drilling mud or mud filtrate which occurs for
formation samples, but which is avoided when there is pro-
duction to the surface and either surface sampling or subsur-
face“ production” sampling.

5 Preparing the Well for Sampling
5.1 GENERAL

As stated earlier, when the pressure on the original reser-
voir fluid is reduced below its saturation pressure, significant
changes in the composition and properties of the fluid can
result. The effect on the reservoir fluid is greatest around the
wellbore where the pressure drop is greatest. The objective of
well conditioning is to replace the non-representative, near-
wellbore fluid by displacing it into the well with original res-
ervoir fluid from the more distant parts of the reservoir. Sim-
ply shutting in the well to restore the pressure around the
wellbore will not necessarily return the fluid in the affected
areatoitsoriginal condition or composition. Flowing the well
at alow flow rate to alow the altered oil to be displaced by
unaffected oil isreguired.

Often, considerabletimeisrequired to condition the well at
permissible well-conditioning flow rates, and sometimes this
is impractical from an operating viewpoint. Considerations
such as field production allowables, current income, operat-
ing schedules, etc., often preclude as thorough well condi-

tioning as may be desired. Rig charges in remote locations
can adso preclude adequate conditioning, particularly in
exploration wells. Under these conditions, samples collected
with modern formation tester?930 tools may be the only
option (see 4.3.4 and 6.2.1.3), if al drilling and completion
fluids are pumped out of the sampling tool before securing
the reservoir fluid sample. The history of the well-condition-
ing effort and pertinent reservoir data must be reviewed
before deciding if the samples are representative of the reser-
voir fluid. Good well test data are invaluable for judging the
quality of the reservoir fluid samples collected?8,

Judging when awell is adequately conditioned for sampling
requires careful interpretation of the trendsin the wellhead and
bottomhole pressures, the rates of oil and gas flow, and espe-
cidly the gas-ail ratio. Obvioudly, the well to be sampled must
have the necessary equipment, in good working order and
properly calibrated, if these measurements are to be accurate.

5.2 CONSIDERATIONS OF RESERVOIR FLUID
TYPE AND WELL OPERATING CONDITIONS

5.2.1 General

Preparing the well for sampling requires considerations
which include an understanding of the type of fluid that is
being produced and of the current status of the production
operation. For example, difficultiesin obtaining samplesfroma
well producing a highly undersaturated oil and one producing a
near-critical fluid near its saturation pressure are quite different.
Also, the producing history of the well can have a significant
impact on conditioning (i.e., samples taken during pre-produc-
tion [sampling during the drilling/completion process)), those
taken at the conclusion of a well testing program, and those
taken after awell has been placed on pump may involve con-
Siderably different conditioning. All chemical injections which
may affect the sample quality should be stopped prior to sam-
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pling (e.g., glycol injection, defoamers, etc.). If thisis not pos-
shle, chemicd injection should be minimized, detals
recorded, and a sample of the injection fluid obtained. The fac-
tors pertinent to several typical operations are given below.

5.2.2 Flowing Oil Wells

As explained in Section 4, in oil wells, the reservoair ail,
rather than the reservoir gas or a mixture of the two, is the
phase for which a sampleis desired. Conditioning an oil well
prior to sampling is necessary because changes usually occur
in the reservoir-oil properties as a result of producing the
well. When the bottomhole flowing pressure is less than the
saturation pressure of the original reservoir oil, gas breaks out
of solution from the ail around the wellbore and is produced.
Since the gas had been a part of the reservoir oil, itsloss alters
the properties of the ail left behind in the formation. The
greater the drop in pressure around the wellbore, the greater is
the extent of gas release and the farther from the wellbore the
altered ail extends. Thus, the composition of the mixture of
oil and gas flowing into the wellbore is typically significantly
different from the unaltered reservoir oil. The distance that
altered (non-representative) oil extends out from the wellbore
increases with the duration of production and with the
amount of bottomhole pressure drawdown below the prevail-
ing reservoir pressure.

5.2.2.1 Methods

The well should be conditioned by producing it until the
non-representative oil has been completely displaced with
fresh undtered oil. The rock properties can be used with
correlations?326:31 of the reservoir fluid properties to make a
preliminary estimate of the volume of non-representative il
in the vicinity of the well.

Proper conditioning should consist of producing the well at
aseries of successively lower flow rates, asfollows.

a If the well to be sampled has been flowing at its normal
producing rate for at least 24 hours, conditioning begins by
making accurate measurements of the oil and gas rates, and
measuring the flowing bottomhole pressure. If the oil and gas
rates are steady, the flow rate is reduced (by perhaps 30% —
50%) and the gas-oil ratio measured periodically until it has
clearly become stabilized. This procedure of reducing rate and
measuring gas-oil ratio is repeated until a trend in the gas-ail
ratio with flow rate is established. Interpreting the trend can be
of aid infollowing the progress of the well-conditioning effort.
Experience has shown that, upon reducing the oil production
rate, the gas-oil ratio can remain constant, decrease, or
increase. Each of these trends can be interpreted to give guid-
ance to the conditioning effort, as discussed below.

b. In cases where the gas-oil ratio remains constant after the
first reduction in producing rate, flow of an undersaturated oil
into the wellbore isindicated. This means that the phase condi-
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tion and composition of the reservoir oil have not been altered
asthe oil movesthrough the formation and into thewell. Inthis
event, the well can be considered to be conditioned. (As a
check, the bubble point of the reservoir il can be estimated
from the production data and the application of suitable engi-
neering correlations?326.31 to ensure that the estimated bubble-
point pressure is below the flowing bottomhole pressure.)

¢. When the gas-oil ratio decreases after arate reduction, the
presence of a free-gas saturation in the formation around the
wellbore isindicated.

Note: The flowing bottomhole pressure increases upon rate reduction.

The free-gas saturation may have resulted from: (1) the

coning of a gas cap into the oil-bearing portion of the forma-
tion around the wellbore; or (2) the flowing bottomhole pres-
sure being less than the reservoir oil saturation pressure.
When this behavior of the gas-ail ratio is observed, thewell is
conditioned by continuing to reduce the producing rate by
stages. After each rate reduction, the flow is continued until
the gas-oil ratio stabilizes. These stagewise reductions in
flowing rate are continued until a stabilized (minimum) gas-
oil ratio is reached. When additional rate reductions do not
affect the gas-oil ratio, the indication is that the non-represen-
tative oil around the well has been produced and replaced by
representative  oil flowing in from greater distances.
Correlations?326:31 ysed with the reservoir temperature and
pressure will provide an approximate value of the stabilized
gas-ail ratio. If gas coning is a factor, the well can become
conditioned in a relatively short time if the rate of flow is
reduced enough to eiminate the gas cone, as evidenced by
the gas-ail ratio ceasing to change with rate reduction. If the
abnormal gas-oil ratio is the result of the producing bottom-
hole pressure being substantially less than the equalized res-
ervoir pressure, a much larger volume of oil may need to be
produced to condition the well than would be the case with
gas coning.
d. An increase in the gas-ail ratio after a rate reduction is
indicative of simultaneous, commingled production of gas
from a gas-bearing zone and oil from an oil-bearing zone.
The increase in gas-ail ratio could be caused by the subsid-
ence of an oil cone. Although a representative sample of the
reservoir oil can often be obtained, it is better to use a well
which does not indicate oil coning, because determining
when the well has been adequately conditioned is difficult.
Thetimerequired for the gas-ail ratio to stabilize may depend
more upon the time required for subsidence of the oil cone
than on the rate of flow and volume of the non-representative
oil which must be displaced by representative oil.

The producing characteristics of a well can impose a
severe limitation on the conditioning process. At sufficiently
low flow rates, oil wells sometimes flow by “heads’ (a surg-
ing or “bumping” flow regime). Thisirregular flow of oil and
gas makes it very difficult to measure the gas-oil ratio with
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the required accuracy. Wells having alow productivity index
are often difficult to condition because a relatively large
drawdown in bottomhole pressure will occur even at moder-
ate flow rates. Reducing the flow rate of alow productivity-
index well enough to minimize the pressure drawdown can
lead to excessive time requirements to condition the well or to
“heading” flow. In some cases, this problem can be elimi-
nated by installing smaller diameter tubing. If the tubing is
small enough, the velocity of flow in it will be high enough to
eliminate “heading” but low enough to maintain alow draw-
down in bottomhole pressure.

When adequate conditioning is impractical, al pertinent
data taken during the sampling operation and the production
history of the well must be analyzed to form abasis for judg-
ing if the samples are sufficiently representative to warrant
laboratory analysis.

When the subsurface sampling method is to be used, the
properly conditioned well is shut-in or, at the option of the
operator, produced at a very low “bleed” rate (typicaly the
smallest choke setting). When the surface sampling method is
to be used, the flow rate of the conditioned well may be
increased, if desired, to alevel that the test data have shown

will not change the gas-ail ratio.

: In summary, oil-well conditioning is the process for eimi-
© nating any gas coning and for flushing from the vicinity of the
© wellbore any reservoir oil which has been altered in composi-
- tion by being subjected to pressureslessthan its saturation pres-
- sure. The non-representative oil is replaced by representative oil
- from beyond the immediate wellbore area by producing the
v well in aseries of step-wise flow rate reductions. The stabilized
~ gas-oil ratio is measured after each reduction in flow rate. The
well is considered to be conditioned when further reductionsin
rate of flow have no effect on the stabilized gas-oil ratio. Ade-
quate time must be alowed after each flow rate reduction to
ensure that the gas-ail ratio has completely stabilized.

5.2.3 Pumping Oil Wells

The reasons for conditioning a pumping oil well are the
same as those for a flowing oil well. The time required for
conditioning is governed by the same factors that apply to
flowing wells.

Pumping wells are generally undesirable for sampling, but
in certain Situations they present the only available option.
The rate of pumping usually cannot be changed conveniently,
the pump and rods must be pulled if the subsurface sampling
method is used, and measuring the producing bottomhole
pressure is often impractical. However, if preliminary study
has indicated that the reservoir fluid is saturated at reservoir
pressure, reducing the pumping rate is necessary to allow the
formation face pressure to increase and approach the equal-
ized formation pressure.
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5.2.3.1 Methods

a When the surface sampling method is used, the well
should be pumped for several days after the oil and gas rates
become steady before taking samples. The criteriafor judging
the progress of the conditioning effort are the same as those
used with flowing oil wells. (The well is considered to be
conditioned when further reductions in the pumping rate have
no effect on the gas-ail ratio).

b. If the subsurface sampling method is used, pumping is
stopped after the well is conditioned and the rods and pump
(or submersible electric pump) are pulled out of the tubing.
After pulling the pump, swabbing the well at a very low rate
is desirable to remove any non-representative oil from the
bottom of the well. The bottomhole sampler is then lowered
to the sampling point and the sample secured.

CAUTION: Swabbing at too high arate can undo the condi-
tioning process if the bottomhole pressureis pulled down too
hard.

C. There is an dternate method of sampling pumping oil
wellsif certain conditions are met. If it isknown from produc-
ing data and correlations that the reservoir oil saturation
pressure is lower than the lowest pressure rating of either the
pump, tubing, or surface wellhead equipment, oil samples can
be collected at the wellhead. The operator can raise the back-
pressure at the wellhead to a pressure above the saturation
pressure while continuing to pump the well, produce sufficient
oil to completely displace the tubing and condition the well as
discussed above (including confirmation of the gas-oil retio),
and then collect single-phase oil samples at the wellhead.

Thisis a somewhat risky method as the pressure up to and
including the wellhead must be maintained above the reser-
voir oil saturation pressure at al times. For this method to
work, the downhole pump will have to be in good condition
to develop and maintain the higher pressure required. How-
ever, if these conditions are met, this method does allow col-
lecting awellhead sample and avoiding pulling the pump.

Note: This method cannot be used for any fluids except relatively
low saturation pressure oils.

5.2.4 Gas-condensate Wells

The procedure for conditioning a gas-condensate well prior
to sampling is based upon interpreting the changesin the gas-
oil ratio that result from reducing the producing rate in a
series of steps. When the pressure on a gas-condensate reser-
voir fluid is reduced below its dew-point pressure, a liquid
phase (condensate) is formed. As a result, the vapor phase,
which is the dominant produced phase, will have alower con-
centration of condensable hydrocarbons (particularly the
heaviest hydrocarbons?5) and is said to be “leaner” than the
original reservoir fluid. This loss of condensable hydrocar-
bons usually results initially in an increase in the producing
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gas-oil ratio. Since the lowest reservoir pressure occursin the
near wellbore area, retrograde liquid (condensate) will first
condense immediately around the wellbore. With continued
production, the condensate liquid saturation in that area can
increase enough (but not in al cases) to allow the liquid to
become mobile. Development of this mobile liquid can
reduce the well productivity and cause unpredictable but sig-
nificant short-term changes in the gas-ail ratio in response to
changes in the producing rate.

5.2.4.1 Methods

Thewell is conditioned by placing it on a producing sched-
ule consisting of a series of successively lower rates. After
each rate reduction, flow is continued until the gas-oil ratio
becomes stahilized. Generally, the trend of the stabilized gas-
oil ratio is to decrease as the rate is reduced. At high rates,
however, the gas-oil ratio may decrease with increased rate as
aresult of shear forces on the condensate liquid in the reser-
voir pore space. These forces are caused by the flowing gas,
and they can mobilize the condensate and increase liquid pro-
duction. Further, high rates can lead to carry-over of separator
liquid entrained in the surface separator gas exit stream (and
not measured by the liquid flow meter). As aresult, care must
be exercised to design and operate separators properly to min-
imize this problem.

The producing rate should be maintained high enough to
prevent “heading.” When awell flows by “heads,” achieving
the required accuracy in the gas-oil ratio measurementsis dif-
ficult. In addition, the compositions of the gas and liquid
phases in the separator during the time the “head” of conden-
sate liquid flows into it may be different from their composi-
tions between “heads” Obtaining separator gas and
condensate (0il) samplesthat are representative of steady flow
conditions is complicated by the “heading” flow. Thus, the
problem of balancing the benefit of high rates to avoid head-
ing (i.e., to lift the wellbore condensate) against the benefit of
low rates to minimize pressure drawdown becomes evident.
In some cases, smaller diameter wellbore tubing is employed
to give higher gas velocities and improved liquid lifting capa-
bility for agiven pressure drawdown.

5.2.4.2 Split-stream or Iso-kinetic Method

In actual practice, the size of the available surface separator
and/or gas metering equipment may not be matched very well
to total wellstream flow rate. Methods have been developed to
avoid some of these problems by sending only a portion
(split-stream) of the total wellstream through a test
separator33. This allows the total wellstream flow rate to be
adjusted to avoid the “heading” problems while the split-
stream flow rate is optimized to the test separator to achieve
sufficient residence time for equilibrium, and to avoid
entrained liquid in the exit gas stream. Theoretically, such
optimized flow rates should provide more nearly equilibrium
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separator gas and liquid streams for sampling. However, the
total wellstream must be perfectly homogenized prior to split-
ting the stream, and the two split-streams must have the same
linear velocity (the “iso-kinetic” situation) in order for the
separator gas and liquid samples to be representative of the
total wellstream. Whether this can be achieved in all casesis
controversia and is not accepted by some operators, and cer-
tainly many problems can be overcome by correctly sizing
separators to increase efficiency at the flow rates tested. The
well is considered to be conditioned if the stabilized gas-oil
ratio does not change when the producing rate is changed.
Again, care must be exercised to ensure that the gas-ail ratio
isfully stabilized at each flow rate in the producing schedule.

5.2.4.3 Subsurface Sampling Method

In special cases of extremely tight (low permeability) res-
ervoirs, it may be virtually impossible to get sufficient flow
rate to lift the liquids without excessive pressure draw-down
and corresponding liquid dropout at bottomhole conditions.
In such cases, the operator may consider taking subsurface
samples while the well is flowing at a very low “bleed” rate.
Transfer of the fluid samples should not be done in the field,
but the sampling tools should be shipped to the laboratory
and the entire contents of each sampler transferred intoaPVT
cell under closely controlled temperature and pressure condi-
tions. The results of the laboratory tests should then be com-
pared with actua field gas-oil ratio data to determine if
representative samples were collected.

The danger in this method is that some liquid may be
standing in the wellbore and the sample collected would be a
nonrepresentative mixture of this liquid and reservoir gas.
Use of a formation tester t0ol2%30 in this situation should
avoid such extraneous liquid, but again, the sample chamber
would need to be shipped to the laboratory for sample trans-
fertoaPVT cdl.

Note: Traditiondly, subsurface samples have not been recom-
mended for gas-condensate reservoir fluids because of the possibil-
ity of inadvertently collecting extra condensate liquid (and even
drilling and completion fluids) at bottomhole, and the difficulty of
getting such samples into single-phase condition before field trans-
fer. Excellent quality samples can however be obtained given the
right conditions and proper handling?8.

5.2.4.4 Gas-condensate Sampling

In contrast to reservair oils, where techniques are available
to approximate the original fluid (such as by adding extra pro-
duced gas to the produced liquid to bring the combined fluid
to the original bubble-point pressure, if known), no such pro-
cedures are available for condensates. If sampling of a gas
condensate is delayed until the static reservoir pressure drops
below the dew point of the original reservoir fluid, the oppor-
tunity to obtain a sample that closely approximates the origi-
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nal fluid is lost. Early sampling is, therefore, critically
important in condensate reservoirs.

5.2.5 Wells Producing a Near-critical Fluid

A reservoir which contains a near-critical reservoir fluid
presents special difficultiesin well conditioning. As described
in 4.2.1, when the pressure on this type of fluid drops below
the saturation pressure, substantial amounts of both phases
form rapidly. Both phases are usually mobile and, therefore,
flow into the well. The rates of production (relative mobili-
ties) of the two phases, however, are usually such that the
fluid composition in the wellbore is not the same asthat of the
origina reservoir fluid. The composite stream flowing into
the wellbore can contain either too much or too little gas in
combination with the liquid hydrocarbon phase.

When early production information indicates a near-critical
reservoair fluid, sampling should be conducted as soon as possi-
ble after the well has been completed. (Thisis, in fact, a good
practicein essentiadly al situationsfor any fluid type.) Samples
taken after the reservoir pressure has declined only a smdll
amount below the origina saturation pressure are, in many
cases, of questionable value for determining the original reser-
voir fluid properties and for use in laboratory tests designed to
predict fluid properties at later stages of reservoir depletion.

Conditioning the well is accomplished by flowing it a a
succession of dower rates for the purpose of removing the
non-representative hydrocarbon phases. The problem lies in
determining when the non-representative fluids have been
produced. With oil or gas-condensate reservoirs, a stable gas-
oil ratio with decreasing flow rate is used as one guide in
making that determination. Production from a near-critical
reservoir, however, often will exhibit a relatively small
change in gas-ail ratio even though the well effluent has
undergone a significant change in composition.

5.2.6 Wet- or Dry-gas Wells

As previoudy explained, the composition of the effluent
from a wet-gas or dry-gas reservoir does not change as the
reservoir is depleted since the reservoir fluid does not form
two phasesin the reservoir at any point in the production pro-
cess. Samples can be taken, therefore, at any convenient time.
No conditioning of the well is necessary.

For a wet gas, small amounts of liquid hydrocarbons con-
dense out of the well stream after it reachesthe surface and is
cooled. When liquid hydrocarbons are known to condense,
thewell effluent must be processed through conventional sep-
arators, though specia precautions should be taken to maxi-
mize the measurement accuracy for theliquid flow rate which
will be small and may fluctuate. Samples of both the separa-
tor liquid and gas should be taken and the gas-oil ratio mea-
sured using the same general procedure that is used for gas-
condensate wells. In some circumstances it may be advanta-
geous to adjust separator conditions such that the produced
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fluid is in single-phase condition, thus avoiding the measure-
ment problem for low liquid rates, and collecting more repre-
sentative samples. Such an approach will, however, not yield
any liquid sample that could be used for detailed analysis of
the heavier hydrocarbons.

For a dry gas, no liquid hydrocarbons condense at typical
field conditions, so samples can be taken at any convenient
location in the flow line. However, care must be employed to
confirm that a gas is indeed “dry” for such samples to be
meaningful. In practice, the produced fluid cannot be identi-
fied unequivocally asawet or dry gas until after samples have
been taken and analyzed; thus, the safest practice is to treat
such fluids asiif they were gas condensates.

5.3 DURATION OF THEWELL CONDITIONING
PERIOD

The duration of the conditioning period depends on: (1) the
volume of reservoir fluid that has been dtered (either from
contamination by drilling fluids or from producing the well at
flowing bottomhole pressures|ess than the origina fluid satu-
ration pressure), and (2) the rates at which the altered reser-
voir oil is produced. Since these volumes and rates vary
widely, no genera rule can be stated for judging the time
required for conditioning.

A well having alow productivity index might require such
alow flow rate that the conditioning time becomes impracti-
caly long. In this case, deciding when valid samples can be
obtained becomes a matter of judgment in which sample
quality is balanced against the time commitment. Experience
has indicated that most oil wells can be adequately condi-
tioned within a week. Some gas condensate and near-critical
reservoir fluids could require much longer2.

5.4 FIELD MEASUREMENTS DURING WELL
CONDITIONING

Well conditioning typically involves bottomhole pressure
and temperature measurements, repeated measurements of
wellhead pressure and temperature, separator pressures and
temperatures, the flow rate of gas out of the separator(s),
stock-tank oil production rate, and water production rate. (In:
some instances, the primary separator oil flow rate is mea-
sured directly and reported, rather than the stock tank rate.):
The following discussion focuses on the types of equipment:
generally used for these measurements and the precautions
which, if observed, can improve the accuracy of the measure:
ments. Additional useful information is published by the
American Petroleum I nstitute?—21,

Since sampling normally occurs at the end of the condi-
tioning period, the data taken at the end of the conditioning
period are, in fact, the data associated with the sampling pro-
cess. As a result, these data must be of the highest possible
accuracy if the samples are to be of maximum value. (How-
ever, data taken before, during and after the sampling period
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are valuable in documenting the stability of conditions
throughout the sampling process.)

are designed to provide a convenient format
for recording al necessary data taken during the well condi-
tioning and sampling periods. Tables 7]-[9are examples of
more recent forms used by a service company. If these forms
are completed, acomplete history of the conditioning process
will be available to the laboratory and to the reservoir engi-
neer. A copy of each of the completed tables (or similar
tables) should accompany the samples.

Note: The forms discussed in the above paragraph represent older
technology?. Modern field cal culations and data recording in spread-
sheet form can now be done with hand-held, Iaptop, or notebook-
type computers32, and the results furnished by e-mail or diskettesin
addition to hardcopy forms.

5.4.1 Tubing (Wellhead) Pressure and Temperature

Having a continuous record of the wellhead pressure over
thetest period is usually desirable. The chart on the recording
pressure gauge used for this purpose should indicate accu-
rately the date and time of the measurement and the well
name or other identification. If a continuous record cannot be
made, repeated spot measurements of the tubing pressure
should be taken with an accurately calibrated gauge of proper
range. At the |least, these measurements should be performed
as frequently as the flow rate measurements, which are nor-
mally taken at hourly intervals.

5.4.2 Gas Rate

The most commonly used method of gas rate measurement
employs an in-line orifice meter. Other rate measuring
devices such as the orifice well tester, positive-displacement
meter, or critical-flow prover may be used when the in-line
orifice meter facilities are not suitable. In-line orifice meter
(or gas mass meter) ingtalations should conform to
specifications!®32, Selection of orifice sizes and computation
of gas rate should be made in accordance with American Gas
Association recommendations!819.20 | Table 2 |provides space
to record the values of all the factors used In computing gas
rates and the calculated gas rates.

Modern development of electronic flow metering32 alows
flow ratesto be calculated in “real time’ asfast as once every
second. Field calculations and data recording in spreadsheet
form can now be done with hand-held, laptop, or notebook-
type computers, and the results furnished to the laboratory by
e-malil or diskettesin addition to hardcopy forms.

The size of the orifice plate installed in the meter runt®
should be chosen such that the differential reading will fall
within the upper two-thirds of the chart. This will minimize
errors in reading the meter differential. Each chart should be
properly labeled to show well identification and when the
chart was installed and removed. The chart should be
changed before afull revolution has been completed in order
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to prevent overlap of the line drawn by the pen. Also, chart
rotation speed should be sufficiently rapid to permit separa
tion of the pen scribe lines generated by fluctuating gas rates.
Computerized data recording is becoming more common,
eliminating the need for charts, and is the preferred method.

The best practice is to send copies of the charts from the
gas meter and temperature recorder (or detailed data from
compuiter files) to the laboratory along with the tabulations of
other field data. Check in advance with the laboratory about
the data requirements.

5.4.2.1 Gas Gravity

Gas gravity is a significant factor in the measurement of
gas rate with al types of orifice meters. If measuring the gas
gravity in thefield is not possible, it can be determined in the
l[aboratory if gas samples or bottomhole samples are submit-
ted. Field-measured values may be desirable, however, if the
gas-oil separation system in the field is one which is seldom
duplicated in the laboratory. When gas gravity measurements
aremadein thefield, they should be made when the separator
temperature or the gas-oil ratio is near amaximum and amin-
imum as well as when near its average value. When the gas
gravity is not measured in the field during sampling, the grav-
ity of gas produced elsawhere in the field (or smply an esti-
mated value) may be used to calculate a preliminary gas rate.
Space is provided into record the value used in the
calculations of gas rate, and this gravity can be updated at a
later time, if appropriate, aslaboratory data become available.

5.4.2.2 Gas Temperature

A continuous record of the gas temperature at the meter
run should be obtained with a temperature recorder or com-
puterized data collection system®10, A sensing element
instaled in a thermowell is desirable. When a thermowell is
not installed, measurements from a temperature-sensing ele-
ment strapped to the underside of the meter run pipe are
acceptable. The sensing element should be insulated from
atmospheric effects by wrapping it and the adjacent pipe with
an insulating material such as cloth or paper. The separator
temperature should not be used for the meter run temperature
in flow rate calculations since significant differences can exist
between these points. Also, try to avoid meter run conditions
inwhich the meter islocated agreat distance from the separa-
tor and is operating at much lower temperatures than the sep-
arator, asthis could lead to liquid condensation in the gasline
and corresponding inaccurate gas rate measurements.

5.4.3 Oil Rate

The oil rate can be measured at either the exit of the primary
separator (point “C” at full separator ressureinrat
the stock tank (point “F i Either can be used as
indicators of stabilized operation during the conditioning pro-
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cess. However, the primary separator oil rate is the vaue
needed for recombination of the separator samples if surface
sampling is employed. Measurement of the stock-tank oil rate
is acceptable in surface sampling only if the applicable separa
tor oil relative-volume factor (or shrinkage) is measured in the
laboratory on the oil sample. Three common methods for oil
rate flow are described in 5.4.3.1 and 5.4.3.2, below.

5.4.3.1 Primary Separator Oil Flow Rate
5.4.3.1.1 Liquid Meter

A positive-displacement liquid meter may be installed in
the liquid exit line of the separator. When using such a meter,
caution should be taken to ensure that it is operating properly,
and that no gasis flashing out of solution as the liquid passes
through it (meter must be maintained at full separator pres-
sure). If water passes through the meter with the oil, the water
rate must be determined independently and its rate subtracted
from the rate given by the liquid meter to obtain the oil rate.
The meter should be calibrated>’, as necessary, following
procedures given in APl Std 1101 Measurement of Petroleum
Liquid Hydrocarbons by Positive Displacement Meter (with-
drawn). If athree-phase (heater-treater) separator is used, the
water should exit through a separate line and the water rate
“problem” should not be afactor.

5.4.3.1.2 Separator Liquid Buildup Method

This method consists of measuring the time required for the
liquid level to pass two index lines placed on the gauge glass
while the liquid dump valveis closed. When the volume repre-
sented by the distance between the index lines on the gauge
glassis known, the liquid accumulation rate can be measured.

A cdibration of the volume associated with the distance
between the index lines on the sight gauge must be done, as
follows. The dump valveisfirst held in aclosed position until
the liquid level rises to the top of the gauge glass; the well is
then shut-in, or the separator is bypassed. With the dump
valve closed, the separator gasis bled off. Two to four hours
are usually required for the dissolved gasto escape. When the
separator liquid becomes stabilized (no more gas evolution
and foaming has stopped) at atmospheric conditions, the two
index lines, spaced a convenient distance apart, are drawn on
the gauge glass. The separator liquid is then drained into con-
tainers of known volume and the total volume of liquid with-
drawn while lowering the level from the top index line to the
bottom index line is recorded for the calibration.

Water can be used in place of il to make the calibration. In
all cases, a determination should be made that the float which
operates the separator-liquid dumping mechanism is within its
limits of travel while the liquid level is lowered between the
gauge glass markings. Failure to provide for norma movement
of thefloat will result in asignificant error in the calibration.

After flow through the separator has resumed and stabi-
lized, the rate of separator-liquid production is determined by
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placing the dump valve in a closed position and then noting
the time required for the separator liquid to rise between the
two index lines on the gauge glass. An erroneous liquid pro-
duction rate can be detected if three or more measurements
are made and compared. The ail rate is found by subtracting
the independently measured rate of water accumulation, if
any, from the total-liquid buildup rate. For three-phase
(heater-treater) separators, the water will be included in the
liquid level rise, and its accumulation must be subtracted
form the total accumulation. In this case, the water dump
valve will also have to be closed.

The construction and method of operation of the separator
must be clearly understood when this method is used.

5.4.3.2 Stock-tank Oil Production Rate
5.4.3.2.1 Stock-tank Oil Rate Method

The measurement of stock-tank oil rate (point “F in| Fig
[ ure 2)|can be used to indicate stabilization of operating condi-
tions during well conditioning. In addition, it can be used for
purposes of recombination of primary separator samples.
However, it isthe primary separator oil rate (point “C” in
[Ure2)that isdirectly used in the recombination process. If the
stock-tank rate is measured, the final determination of the
(primary) oil rate cannot be made until the appropriate rela-
tive-volume factor (or shrinkage factor) of the separator oil
(volume of primary oil/volume of stock-tank oil) is deter-
mined. The separator ail rateis determined by multiplying the
tank oil rate by the separator oil relative-volume factor. When
applicable relative volume factors are available at the time of
the test, the primary oil rate can be calculated during the test.
If the applicable relative volume factors are not available,
they must be determined by the laboratory (or reliably calcu-
lated based on primary separator oil composition) and the
separator oil rate calculated at that time.

The stock-tank oil rate method should not be used when it
would be impractical to duplicate in the laboratory the field
separation method and conditions, or when the field data nec-
essary to permit the relative volume factors to be calculated
are missing. The stock-tank calculation method requires data
on the pressures and temperatures of all stages of separation,
including the stock-tank ail.

5.4.3.2.2 Stock-tank Calculation Method

The stock-tank oil production rate can be measured with a
gauge line or a gauge glass in a calibrated (strapped) tank2.
The usual method consists of measuring the distance from the
oil surface to the tank strike plate with a metal tape. Another
method employs a“swinging gauge.” This method consists of
mesasuring with a steel tape the distance from the oil surface
to a point on the tank top, usualy the lip of the hatch. Liquid
volumes are then found with the tank calibration (strapping)
tables. When more than one tank is used during a test, gaug-
ing should be taken on al tanksin order to prevent any gaug-
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ing errors caused by accidenta tank filling or overflow. The
oil level on the tapes should be read to the nearest /g in. (or 2
mm?2L). Gauging should be done at regular intervals over the
testing period. Tank oil temperatures should be measured and
oil volumes corrected to 60°F (15°C or other accepted stan-
dard reference temperature?l) using appropriate volume cor-
rection tablest’.

All of these measurements can also be made using modern
electronic transducers connected to computers3. See vendors
for overall accuracy specifications.

The accuracy of the oil rate determination can be improved
by gauging the tanks frequently (e.g., a approximately each
one-ftincreasein level), then plotting the gauged level s against
time. The dope of the resultant line yieldsthe average total lig-
uid rate. Separate gauging must be done to determine water
production rate. For installations where both a calibrated sepa-
rator and a stock tank are available, good practice suggests
determining both the separator and tank-oil production rates.

5.4.4 Water Production Rate

The water production rate (see{Figure 2) can be determined
by: (a) measuring its rate of accumulation in the stock tank,
(b) using a separate meter on awater flow line from the sepa-
rator, (c) dumping at measured time intervals the liquid from
the lower section of the separator into a container and mea-
suring the water volume by independent means, or (d) elec-
tronic flow meter measurements.

When the produced water is sent to the stock tanks along
with the ail, the water production may be determined by using
water-finding paste on the gauge line. At times there may be an
emulsion at the water-oil interface, and some means must be
used to break it so that a sharp indication will be obtained on
the paste. A momentary bresking of the emulsion may be
accomplished by moving the gauge line dowly through the
water-oil interface severd times before taking areading. Alter-
natively, a small plate welded to the bottom of the gauge line
weight will momentarily eliminate the effect of the emulsion as
it passes through the water-oil interface. Several methods!2-16
are available to determine the amount of water in crude oil.

Water vapor is normally contained in the vapor phase of
gas-condensate and wet-gas reservoirs. Frequently, some
water vapor will condense in the separator as a result of the
lower temperature there. The rate of water accumulation in
the separator is dependent upon the separation conditions and
the reservoir temperature and pressure. Since the water pro-
duction is often small, accurate water accumulation rates may
not be obtained over short time intervals. Averaging the water
production over the test period may be necessary, using tank
gauging done at various times during the test.

5.4.5 Separator Pressure

Adequate control of separator pressure can usualy be main-
tained with a back-pressure regulator in good working order. A
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pressure variation of + 3% is adequate control. In cases where
the separator “floats’ on a gas gathering system, a regulator
may need to be installed between the separator and the gather-
ing line to obtain adequate pressure control. A pressure gauge
installed in the separator shell should be checked to confirm
that it is indicating accurately. Usudly, the separator pressure
variation will be small enough that arecording gauge is unnec-
essary, but if such an instrument isin use, care should be taken
to ensure readings are accurate and updated properly, espe-
cidly on production instalations. If the recording pressure
gauge in ameter run is used to observe the separator pressure,
care should be taken to determine that there is no pressure reg-
ulator between it and the separator. Allowance should be made
for any pressure difference between the pressure measurement
point and the sampling point, and care should be taken in
checking whether pressure readings are relative or absolute.
Such factors can add errors exceeding the pressure variation
above, especialy for low pressure separators.

5.4.6 Separation Temperature

The separator gas-ail ratio can be affected significantly by
the temperature of the fluid at the point where the gas and oil
are permanently separated. In “low-temperature’ separation
systems, significant differences in temperature can be found
between the point of permanent gas-oil separation and other
sections of the gas-oil separation system. In conventional
(low-pressure) systems, only insignificant temperature differ-
ences are generaly found. A study of the separation vessel
should be done before choosing the point for temperature
measurement to ensure that the measured temperature is that
at the point of permanent gas-oil separation. In locations
where daily temperature variations are large, sampling is best
done at times when the ambient temperature is most stable,
such as, early in the morning.

For any type of separator, the use of arecording thermome-
ter (or computerized recording) is preferred to a smple indi-
cating instrument such as a mercury bulb thermometer8-10, A
continuous record of the temperature can aid in making judg-
ments on the process of the well-conditioning effort and the
interpretation of the laboratory data.

5.4.6.1 Conventional (Low-pressure) Separators

When the production is of the type generally referred to as
“oil production” and no line heater is in operation upstream
of the separator, the separation temperature is usualy consid-
ered to be the temperature in the inlet flow line a a point
immediately upstream of the separator. The temperature can
be measured most accurately by inserting a thermometer into
a thermowell at that point. If a thermowell has not been
installed, the temperature-sensing element may be strapped to
the inlet flow line. The element should be wrapped in some
type of temporary insulation material such as cloth or paper
to eliminate the influence of atmospheric conditions such as
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sunshing, wind, or rain on its temperature indications.
Another satisfactory location for temperature measurement is
in a thermowell in the shell of the separator located a short
distance below the gas-ail contact.

When aline heater isin operation, the separation tempera-
ture should be measured in the separator at a point below the
gas-ail contact.

5.4.6.2 Low-temperature Separators

When the well has arelatively high wellhead pressure, the
production is often processed through a so-called “low-tem-
perature” separator. In such separators, the inlet stream is
“throttled” across a valve into the separator, and the tempera-
ture drop associated with this pressure drop on throttling can
lead to additional condensation of liquid in the separator. As
part of this process, the bottom (liquid) section of the separa-
tor may be heated to stabilize the liquid and/or to melt any
hydrates formed as aresult of the throttling. In such cases, the
best place for temperature measurement is in the gas-phase
section of the separator. When the liquid section is not heated,
the temperature of the liquid section should be taken.

5.4.6.3 High-temperature (Heater-treater)
Separators

Heater-treaters vary widely in design depending on their
application. They are used in applications where aneed exists
to bresk oil-water emulsionsin oilsthat tend to emulsify. The
heater-treater will contain a heating section, but may aso
have sections for filtering, gravity separation, water washing,
gas removal and sometimes electrostatic field separation in
one vessdl. In heater-treater type separators, care should be
taken to measure the temperature in the gas-oil separation
section rather than in the oil-heating section.

5.4.7 Frequency of Data Collection During
Conditioning

As previously mentioned, a criterion for adequate well con-
ditioning is that the gas-oil ratio be measured at sufficiently
low flow rates that its value becomes independent of flow rate.
This process, which requires producing the well at a series of
incrementally lower flow rates, is time consuming and
requires patience on the part of the operator. Variables such as
the previous production history, well deliverability, etc., affect
the required time period. This precludes the use of generalized
rules regarding the necessary conditioning period.

Independent of the time required for well conditioning,
certain principles must be followed. At each flow rate during
the conditioning process, sufficient time must be allowed for
each of the pertinent variables mentioned in 5.4.1 — 5.4.6 to
stabilize. Ensuring that each variable has stabilized is best
done by carefully recording its value at frequent intervals dur-
ing the conditioning period. The required frequency will
depend on the factors mentioned in the previous paragraph,
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but a reasonable plan is to begin by recording readings at 30
min. intervals until stable conditions are observed for aperiod
of at least 12 — 24 hours. The time required to stabilize at the
first rate can then be used to guide the duration and frequency
of measurements at subsequent flow rates.

6 Conducting the Sampling Operation
6.1 GENERAL

The sampling operation normally includes collecting sam-
ples at surface and/or bottomhole conditions and, as neces-
sary, transferring these samples to containers for shipment to
a laboratory for analysis. Historically, these operations have
relied on the use of mercury (an easily separated, low-com-
pressibility, hydraulic pressure medium) for transfer of sam-
ples, and mercury often accompanied the samples during
transfer and shipping. The use of mercury provided asimple,
direct, and reliable means of transferring reservoir fluid sam-
ples. However, because of environmental, safety, and trans-
portation considerations, the use of mercury for sampling
purposes has been eliminated in many geographical locations,
primarily through the use of piston-operated sampling and
shipping containers. Descriptions of mercury-based sampling
and transfer operations are not included here, but they can be
found in the first edition! of APl RP 44.

6.2 SUBSURFACE SAMPLING

The operation of taking a subsurface sample can com-
mence as soon as the well is cleaned up of drilling and com-
pletion fluids, and is conditioned. After conditioning, the well
is either shut-in completely or the flow rate is reduced to a
“bleed” rate. The choice of shutting in the well completely or
allowing it to flow at a bleed rate is left to those taking the
samples. Proponents of the bleed rate method believe that it
provides additional assurance that the fluid at the sampling
point is representative of the reservoir fluid. Opponents
believe that the pressure drop required to maintain flow is suf-
ficient to sometimes generate gas bubbles in the oil column
and lead to the collection of erroneous samples.

Shutting in awell is generally done at the surface. Due to
the compressibility of the fluidsin the wellbore, there will be
some bottomhole afterflow following surface shut-in which
will allow additional full-pressure reservoir fluid to flow into
thewellbore. Thisinitself may not be sufficient to ensure rep-
resentative reservoir fluid in the wellbore, but if the well has
been properly conditioned the afterflow acts like a short-term
bleed and enhances getting better quality samples. Higher
compressibility (lighter) reservoir oils will exhibit greater
volume afterflow than lower-compressibility (heavier) ails.

The sampling process must be preceded by the selection of
(8 the type of subsurface sampling tool to use and (b) the
appropriate sampling point in the wellbore. These topics are
discussed below.
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6.2.1 Sampling Tools

The subsurface sampling method consists of lowering a
device, usualy called a bottomhole sampler, into the wellbore
to a pre-selected point. A portion of the reservoir fluid at that
point istrapped in a pressure-tight section of the sampler. The
sampler is pulled to the surface with the fluid sample inside.
The sample is then commonly pressurized into single-phase
state and transferred at the site into a suitable container which
is transported to the laboratory. However, for certain cases,
the bottomhole sampler (with fluid sample inside) may be
transported directly to the laboratory, without field transfer of
sample, if shipping regulations permit and any additional tool
rental is warranted. Brief descriptions of selected sampler
types are given below.

6.2.1.1 Conventional Bottomhole Samplers

Conventiona bottomhole samplersincorporate the capability
to open and/or close valves at specified timesin order to capture
a sample of the fluid existing at bottomhole conditions. The
vaves may be actuated by one of several methods, asfollows:

a. “Jar head” mechanisms actuate the valve(s) by a sudden
pull on the wireline supporting the sampler. This jarring
action shears a pin in the valve assembly, actuating the valve.
Jar heads are most applicable to shallow wells and high grav-
ity (low density) oils, where the jarring action can be
transmitted effectively to the sampler.

b. Self-contained mechanical or electronic clocks in the sam-
pletool can also be used to activate valves at pre-set times.
c. Valves can be controlled electronically from the surface.

‘Samples are captured in conventional bottomhole samplers
either by flow-through or evacuated-container techniques. In
the evacuated container technique, an evacuated sampler is
lowered to the sampling point and a valve on the bottom of the
sampler is opened, through which a sample is drawn by vac-
uum into the sample chamber. Typicdly, the valve is spring
loaded and closes automatically when the combined force
exerted by the sample pressure and the vave spring exceeds
the opposing force caused by the bottomhole pressure.

In the flow-through technique, the sampler islowered with
the valves on each end of the tool open. Thus, the sample
chamber is flushed continuously with wellbore fluid as the
tool descends. The tool may be repeatedly raised and lowered
near the desired depth prior to closing the valves, in order to
increase the likelihood that the tool fillswith the fluid existing
in the wellbore at the desired sampling depth. This process
should be done very dowly for highly viscous oils.

These conventional samplers require a displacing fluid
(historically mercury) to transfer sample fluid from the sam-
pler to a shipping container or directly into laboratory equip-
ment. Mercury, water, and glycol are used as displacing
fluids. Mercury maintains the best sample integrity, but safety
concerns mentioned earlier frequently restrict its use. Prefer-
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ential solubilitiesin water or glycol of portions of the sample
restrict their use as displacing fluids.

As mentioned above, a conventional bottomhole sampler
may be transported directly to the laboratory prior to transfer
of sample. Thisis done in those cases in which the fluid sam-
ple can not be reliably pressured back into single-phase con-
ditions in the field, or in which better temperature and
pressure control is needed during reheating of the sample.
Both of these operations can be better handled in the labora-
tory. Sampling a gas-condensate reservoir fluid or sampling a
reservoir oil that contains significant asphaltenes and/or
waxes are two that would prompt this operation.

6.2.1.2 Piston-type Bottomhole Samplers

New downhole samplers have been designed to eliminate
mercury usage by employing a“floating” piston in the sample
container to separate the reservoir fluid sample from a hydrau-
lic fluid on the back side of the piston?®. Models are available
which can be incorporated as part of a drill string or are
deployed on a wireline. The piston-cylinder arrangement has
the advantages of (a) permitting fluid transfer at the surface
without the use of mercury or other displacing fluids contact-
ing the sample and (b) control of the rate of sampling, which
can permit collection of fluid in the single-phase dtate (i.e,
avoiding the formation of two phases in the sampler due to
reduced pressure in the sample container). However, it must be
recognized that any floating piston type sampler containing
hydraulic fluid behind the piston has the potential to lesk
hydraulic fluid by the seal on the piston and contaminate the
sample. Thisisone of the risks with this new type of sampler.

Recently introduced bottomhole sampling tools incorpo-
rate avariety of features, and their features are expanding rap-
idly. New features permit multiple types of information to be
determined using a single,  modularly-constructed
instrument29.30, Example features include capabilities to
measure (a) formation pressures for downhole pressure sur-
veys (for identifying fluid types and fluid contacts), (b) pres-
sures at multiple locations simultaneously (for evaluating
horizontal and vertical permeability and for locating perme-
ability barriers), and (c) electrical resistance and optical prop-
erties of the fluids entering the sampling tool to detect
contaminants (e.g., drilling and completion fluids).

Some tools can now be configured to (a) pump out any
selected volume of fluid (for near wellbore cleanout) prior to
isolating a sample, (b) incorporate packers as an integral part
of the tool to isolate the sampling region, (c) collect multiple
fluid samples, and (d) control the sample chamber pressure
drawdown. Equipment vendors and sampling contractors
should be consulted for specific information regarding these
bottomhole sampling tools and their capabilities.

These new piston-type samplers offer many apparent advan-
tages over the conventional bottomhole samplers.
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Note: With the new piston-type samplers, thereis a potential for con-
tamination by the hydraulic fluid.

There is no smpler sampling system than a conventional
sampler (essentially a pipe with valves on each end) and the
use of mercury to displace the fluid sample. Environmental
concerns and regulations about the use of mercury, and aneed
to maintain the fluid samples in single-phase (monophasic)
condition are what have driven the development of the piston-
type samplers. If your situation allows the safe use of mer-
cury, there may still be reason to consider using the conven-
tional samplers.

6.2.1.3 Formation Testers

This type of testing t0ol2%30 is run on wireline to the
desired depth after accurate positioning performed with the
assistance of agamma-ray tool.

a. The probe and seal assembly is extended against the side
of the wellbore to achieve a pressure tight flow path between
the reservoir layer and the tool flow line leading to one or sev-
eral chambersthat is selectively opened and closed by control
from the surface. A suitable pressure gauge enables accurate
measurement of the flow line pressure. Accurate measure-
ment of temperature is also required, especialy at depths
where fluid sampleis collected for study.

b. Initial pressure tests are taken at selected levels to identify
reservoir fluid pressure gradients and permeability.

c. From the pressure tests, the levels with the best sampling
prospects are chosen (e.g., those that offer good formation-to-
tool seal integrity and sufficient permeability) to ensure area
sonably short fill up time.

d. The pressure gradients previously acquired are also used
to select sampling levels away from the oil-water and gas-oil
interfaces (see Figure 3).

e. The sampling pressure must be maintained above the fluid
saturation pressure. This is achieved by controlling the flow
rate and having a fast-response pressure gauge. Preference is
given to tools equipped with controllable throttling valves and
quartz pressure gauges.

f. Sample chambers using awater displacement are also rec-
ommended over the air cushion type as a back pressure can
be maintained bel ow the sampling piston to avoid flashing the
sampled fluid into the chamber. This procedure ensures that a
larger quantity (mass) of reservair fluid isrecovered.

0. Multiple sample chamber systems are recommended to
enable duplication of samples and/or multiple level sampling
inasinglerun.

h. Sample chambers must be free of any contaminants such
as residue from previous samples, hydraulic oil, and cleaning
solvents. Dead volumes in the flow line must be minimal and
where they exist they should be filled with salt saturated
water to avoid sample flashing and dissolving gas in the fill-
up liquid. Check with the vendors about these details.
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Figure 3—Wellbore Pressure Versus Depth

i. Inthe case of multiple sampling at any given level, sam-
pling consistency can be verified by confirming the saturation
pressure at surface conditions. However, surface saturation
pressures should be determined only on oils, not gas conden-
sates (should they be sampled by this method).

j- A record of the well and reservoir parameters, plots of
gamma ray correlation, pressure, temperature, and the other
usua identification data should be attached to the sample
containers.

6.2.2 Selecting the Sampling Point

The best place to secure the sample with conventional
(non-formation tester) samplers is the lowest point in the
wellbore passed by al the fluid entering the wellbore and
where the static pressure is no less than the estimated reser-
voir fluid saturation pressure. If water is present in the tubing,
or if amechanical obstruction is found, collecting the sample
at the initially-selected point may be impossible. When water
is present, the location of the gas-water or oil-water contact
point in the wellbore may be determined from pressure sur-
vey data (see 6.2.2.1). If the pressure at that point is at least
equa to the estimated saturation pressure of the reservoir
fluid, the sample can be collected at a point in the tubing just
above the point of contact between the desired fluid and the
underlying phase.

For ails, if the pressure at the desired sampling point isless
than the estimated saturation pressure of the reservair ail, the
oil-water contact will have to be lowered to alevel where the
pressure is above the estimated saturation pressure. If the
water column cannot be lowered sufficiently or if a mechani-
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cal obstruction prevents sampling at the desired point, the use
of another well (or surface sampling) must be considered.

Final selection of the sampling point is made following
completion of wellbore pressure and temperature surveys,
described below in 6.2.2.1 and 6.2.2.2. If awirelineis used to
lower the survey tool, good wireline depth control is needed
for accurate surveys. The use of downhole tie-in capability
with gamma ray and/or casing collar locator sensors to posi-
tion the tool would be advisable.

6.2.2.1 Pressure Survey

A pressure survey is usually run just before the bottomhole
samples are taken. In conventional sampler applications, this
is usually done separately from the sampling operation. More
contemporary samplers and formation testers permit the pres-
sure (and temperature) measurements to be done in the same
bottomhole run as the sampling. In either case, the pressure-
recording gauge used for the survey should have been cali-
brated recently or otherwise known to be accurate. The pres-
sure-gauge calibration can be checked by comparing its
measurement of the wellhead pressure with the value
obtained at the same time with another instrument of at least
equal accuracy (e.g., a dead-weight gauge). Bottomhole pres-
sure gauges may be of the bourdon tube, strain gauge or
quartz gauge type.The survey consists of stopping the gauge
at various depths to allow the gauge to record the pressure.
The stops at each depth should be of sufficient duration
(depending upon the type of gauge used and the clock rate, if
applicable) to give a clear pressure recording. The gauge
depth and the time of day at each depth should be recorded on
a form such as|Table 4(or automatically by computer-con-
trolled datalogging). At the lowest point of pressure measure-
ment, generally at the midpoint of the formation or
completion interval, the pressure instrument should remain
stationary for a minimum of 20 min. to permit it to establish
pressure-temperature equilibrium with the fluid.

6.2.2.2 Temperature Survey

The preferred instrument for making the wellbore tempera
ture survey is a recording temperature gauge. Temperatures
are normally measured during the same operation as the pres-
sure measurements. The instrument should remain stationary
at each depth long enough to reach the downhole temperature
and to record the temperature clearly. The temperatures
should be recorded on aform such

Frequently, a one-point (mid-formation or completion-inter-
val) temperature is sufficient. In this event, maximum register-
ing thermometers may be incorporated in the pressure
recording instrument thermometer well. Contemporary prac-
tice, however, uses temperatures measured on recording ther-
mometers. In any application, care must be exercised to ensure
that the temperature has stabilized a each measurement point,
since sometimes the wellbore may have been cooled below
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reservoir temperature by the circulation of drilling fluids used
in preparation for well logging operations. For reservoir mod-
eling purposes multiple point temperature measurements can
be extremely useful, especialy where different intervals may
not bein communication, or in the case of near-critical fluids.
Some current sampling operations involve automatic, com-
puter-controlled data logging, so that use of forms (e.g.,
is no longer necessary. Nevertheless, care should be taken
to see that all data of the types shown in the tables accompa-
nying this document are included in the data logging opera-

tions, and a printout (similar to [Table 6)| should be made

before computer equipment is shut down.

6.2.2.3 Locating the Water Level

The presence of water standing in the well can usually be
detected by plotting pressure versus depth, as determined
from the pressure survey. Gas-oil and oil-water contact points
can be identified at the depths where the gradient changes

om one representative of gasto oil to water in the wellbore,

repr@ents atypical pressure gradient plot, with the
contact points detected by changes in sope of the pressure-
depth relationship.

The dlope of the pressure-depth lineis directly proportional
to the density of the fluid in the wellbore, thus the most dra-
matic changes in slope occur at interfaces where the fluids in
contact differ most in density (e.g., gas-water). Conversely, an
interface between water and a heavy oil (that may have aden-
Sity very near that of the water) may be reflected in a ope
change that is difficult to identify.

6.2.3 Subsurface Sampling Procedure

A detailed description of the proper use and handling of
various samplersis not given here. Information of thistypeis
best obtained from the manufacturer or vendor of the instru-
ment. A discussion of general sampling procedure follows:

After the sampler has been run to the desired depth and the
sample has been trapped, the sampler is brought to the surface.
If desired, the sample can be transferred at the well site to a
suitable container for transporting to the laboratory; otherwise,
the sample can be transported directly in the sampling toal. In
either case, care must be exercised to see that the sample is
transported in avessd that meets all applicable transportation
safety regulations (described in 8.1). A minimum of triplicate
samples should aways be obtained to (a) permit comparison
of sample compositions and properties, and (b) provide back-
up samplesin case one container leaks during transit.

For gas-condensate samples, the optimum procedure is to
ship the entire subsurface sampling tool section to the labora
tory, so that it can be properly heated to ensure that all of the
sample fluid is transferred from the sampler to the laboratory
apparatus.

Note: Only under specia conditions should gas-condensate samples
be collected in subsurface samplers (see 5.2.4).
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For oil well samples, checks should be made at the well for
consistency of samples. This check for sample duplication is
referred to here as a “sample quality check” (see 6.2.4). The
sample quality check of a reservoir oil sample consists of
determining an approximate bubble-point pressure of the
sample at the temperature of the sampler or shipping con-
tainer. (A shipping container is sometimes referred to as a
“storage cylinder,” “transfer cylinder,” “transportation cylin-
der,” or “sample bottle””) The sample quality check may be
conducted either while the sampleisin the sampler or after its
transfer to a shipping container. The temperature of the sam-
ple will usualy be close to prevailing ambient temperature.
Usually, samples are considered to be satisfactory duplicates
if the saturation pressures measured at ambient temperature
on the well-site agree within 2% or 50 psi (345 kPa?l),
whichever is less. The agreement in bubble-point pressure is
generally accepted as reasonable proof that the samples are
representative of the oil at the point of sampling. The data
collected during the well-conditioning period (e.g., gas-oil
ratio) will usually permit the saturation pressure of the sam-
ples to be estimated from correl ations?326:31,

If the oil samples exhibit saturation pressures substantially
higher or lower than the estimated pressure, the sampling
operation should be reviewed to find an explanation. For
example, if the sampler valves are accidentally closed at a
point high in the tubing, the sample saturation pressure could,
with many oails, be lower than the estimated value based on
the producing gas-oil ratio (due to loss of solution gas from
the oil at the lower pressures prevailing at the point high in
the tubing). By contrast, afoamy oil could give a higher satu-
ration pressure, as could oils from which waxes or asphalt-
enes have precipitated in the sampler at surface temperature.
(Thus, samplers used with wax- or asphaltene-containing flu-
ids should be transferred at elevated temperature.)

Often, the nature of the reservoir fluid at the time of initial
sampling is not well known. If a sample quality check is
employed on a volatile ail, near-critical fluid or gas conden-
sate, no clearly discernible saturation pressure may be
obtained due to the high compressibility of these fluids (in
contrast to the case for black ails). Such an inconclusive sam-
ple quality check may indicate that the reservoir fluid is not a
black ail or, aternatively, it may mean that the sample is a
gas. No field tests for sample quality are reliable for near-crit-
ical fluids or gas condensates. Typical plots of sample quality
check data are shown inwhich illustrates the clear
break in the pressure versus volume plot for a typical oil in
contrast to the situation for water- or gas-filled cylinders.

6.2.4 Quality Check of Subsurface Sample

The sample saturation pressure at ambient temperature can
sometimes be measured in the field while the fluid sampleis
still in the sampler (depending on the details of the sampler
design). Additionally (or aternatively), the saturation pres-
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Figure 4—Sample Quality Check

sure can be measured after the sample has been transferred to
a shipping container, if such a transfer is made in the field.
Either method requires a modest equipment set-up including
acdibrated hydraulic fluid injection pump and an accurately
calibrated pressure measuring device. A simplified version of
such an apparatusis shown in

In all cases, the initia pressure should be recorded when
the sampling tool isfirst opened. “Opening pressures’ depend
on the tool design, fluid type, temperature, and volume col-
lected, but provide an initia indication of correct tool opera-
tion or malfunction, and for replicate samples collected under
similar conditions usually give good agreement. When satura-
tion pressures are not available, opening pressures should be
used as abasisfor quality control.

6.2.4.1 Method
The procedureisasfollows:

a. Connect the hydraulic fluid filled side of the sampler or
shipping container to the calibrated injection pump and purge
the connecting line with hydraulic fluid. (If thetest isdonein
the sampler, pump a volume of hydraulic fluid just sufficient
to open the sampler valve and read the pressure; record the
pressure observed ipposi te“ Sampler Pressure after
Valve Opening.”)

b. Inject a small volume of hydraulic fluid into the vessdl,
agitate the contents of the vessel (this can be done by repeat-
edly inverting or rocking the vessel above and below a
horizontal orientation) until the pressure becomes constant,
then record the pressure and the pump reading i
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C.”Repeat these steps until the pressure response from
hydraulic fluid injection becomes very large, indicating that
the vessel contains no vapor space (the sample has been pres-
sured into single-phase liquid).

Note 1: In instances where the sampleis single-phase liquid at open-
ing conditions, hydraulic fluid must be removed (backed into the
pump) to create a two-phase condition in the sample to begin the
measurements.

Note 2: If the piston sticks (becomes erratic in operation), reaches
the end of its travel length in the container, or the pressure reaches
the maximum recommended working pressure for the container or
the pump, the test will have to be terminated.

d. Plot the pump reading versus pressure on the graph inf Table |
ﬁor use a computer spreadsheet for graphing). Draw a line
through the points above the bresk and another line through
the points below the break. The intersection of the two linesis
approximately the saturation pressure at the vessel tempera-
ture. As mentioned above, saturation pressures of different
samplesthat agree within 2% or 50 psi (345 kP22), whichever
isless, may be considered to be satisfactory duplicates.
e. For confirmation of the saturation pressure, repeat the
pressure-pump reading measurements in decreasing pressure
increments until theinitial pump reading is reached. Rock the
vessel again repeatedly at each pressure step until the pres-
sure becomes constant, and record the pressure and pump
reading in[Table 5| At the conclusion, plot this data on the
same graph with theinitial (pressureincreasing) data (or usea
computer spreadsheet). The indicated saturation pressure
should be approximately the same as for the initia data. If
there is a significant difference between data sets, the latter
will probably be more representative. Some oils are simply
much more difficult to get all the evolved solution gas driven
back into solution unless the pressure is raised very high (see
last paragraph in 6.2.4.2).

6.2.4.2 Alternate Method

If asuitable calibrated pump is not available, the saturation
pressure may be measured by an aternative (but somewhat
less precise) method as follows:

a. Bring the sample to a single-phase state by injecting
hydraulic fluid until the pressure is well above the expected
saturation pressure.

b. Bleed hydraulic fluid from the sample container in small,
sequential amounts into a calibrated receiver.

c. Rock the container and note the pressure after each portion
of hydraulic fluid has been withdrawn.

d. Record the pressures, temperatures, and fluid volumes in
e. Plot the cumulative volumes against the corresponding
pressures on the graph i as described above (or use a
computer spreadsheet), to locate the saturation pressure. Some
loss of accuracy (relative to the previously described pump
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technique) may result from less precise volume measurements
in the receiver relative to those made using a caibrated pump.

When measuring saturation pressures, adequate agitation
(rocking) of the sample is mandatory. The rate at which gasis
driven back into solution in the liquid phase can be surpris-
ingly dow in an unagitated fluid sample, and measurements
made without the gas and liquid phases being at equilibrium
can be very mideading. Some heavier oils containing very lit-
tle intermediate (ethane through the pentanes) components can
be very difficult to single-phase, and may require increasing
the pressure several thousand psi above the actual saturation
pressure while rocking the container. Thus, care and patience
must be exercised to get meaningful saturation pressures.

6.2.5 Sample Transfer to Shipping Container

If the sampler itself is not used to transport the sample to
the laboratory, the sample must be transferred to a transfer
container for shipping or transport. Whatever vessel isused, it
must have an adequate pressure rating and be certified to meet
all applicable shipping regulations. Further, the shipping cyl-
inders must be thoroughly cleaned, as described in 8.2; thisis
particularly important to avoid contamination of the sample
from trace amounts of heavy components remaining in the
cylinder from previous use.

The primary concern in transferring a bottomhole sample
to ashipping container isto maintain the integrity of the sam-
ple during the transfer operation. This requires that the fluid
in the sampler be maintained in a single-phase condition dur-
ing the entire sample transfer process or, if the fluid isin a
two-phase condition, that the entire contents of the sampler
be transferred. (The sampler should be heated if wax or
asphaltenes are present.) If only a portion of a two-phase
sample is transferred, the fluid transferred to the shipping
container will differ from the original sample, since the two
phases in the sampler almost certainly cannot be transferred
in the proportions that exist in the sampler. Because valid
transfer is crucia to sample quality, the preferred procedureis
to maintain the fluid in a single-phase state and transfer it in
its entirety. An important consideration is that pressurizing
the sample may produce a single-phase condition, but may
not homogenize the sample; thus, thorough agitation (by
rocking the cylinder) during the processisimportant.

In addition, the sample composition must not be atered by
either (@) leaks of hydraulic fluid across the piston of piston-
type samplers or (b) by selective absorption of components
from the sample into atransfer fluid (e.g., water or glycal) in
cases where the transfer fluid is in direct contact with the
sample. The latter is a particular problem in samples contain-
ing carbon dioxide or hydrogen sulfide, which are very solu-
blein the transfer fluid.

At al stages of the transfer process, the pressure must be
maintained substantially higher than the sample saturation
pressure. ows a schematic diagram of a transfer
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Figure 5—Diagram of Sample Transfer Apparatus

apparatus for piston-type samplers and transport containers.
The 1966 edition! of APl RP 44 should be consulted for
transfer apparatus involving direct contact between the sam-
ple and mercury (as the hydraulic fluid).

The transfer procedureis asfollows.

a. Usethe pump to fill al lines between valves B and F with
hydraulic fluid (refer to Figure 5). This can be done by loos-
ening the fittings at these valves and pumping until hydraulic
fluid appears, then tightening each fitting.

Note: ValvesA, B, and F, G, H may be integral parts of the sampler
and transfer container, respectively, depending on the design of these
vessels. Also, valve H and its line may be arranged somewhat differ-
ently from Figure 5 such that valve H simply “tees’ into the line
from valveA to valve G.

b. With valves A, D, E and F closed and valve C open,
dlightly open valve B and note the opening pressure of the
sampler. Valve B is often spring- or hydraulically-actuated in
cases where it is part of the sampler; if so, use the pump to
raise the pressure until valve B just opens and record the
opening pressure.

c. Open valve G and evacuate through valve H the line
between valves G and A, including the sample side of the
transfer container.

d. ClosevaveH.

e. Open valve F and use the pump to bring the hydraulic oil
pressure in both the sampler and shipping container to a pres-
sure well above the saturation pressure of the sample.

f. Slightly open valve A and fill the line between that valve
and the upper face of the piston in the shipping container with
sample fluid, using the pump to keep the pressure on the gauge
well above the saturation pressure during this transfer process.

g. Close vave C, then dlightly open valve D, alowing
hydraulic fluid to drain slowly into the hydraulic oil reservoir
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(open to atmospheric pressure) as fluid flows from the sam-
pler to the shipping container. Use the calibrated pump to (1)
keep the pressure in the sampler above the saturation pressure
and (2) keep track of the amount of sample transferred. When
the desired amount of sample has been transferred, close
valve D, then valvesA and G.

h. Before the transferred sample can be shipped, a vapor
space must be created in the shipping container. To do this,
dightly open valve E and allow hydraulic oil to drain from
the shipping container into an open calibrated receiver. Close
valve E, then valve F, when the volume of hydraulic fluid in
the receiver equals 10% of the volume of the shipping con-
tainer. This will result in a 10% vapor space (“ullage’ or
“outage”) in the shipping container. Such a void volume is
required for safety, since very high pressures can result if the
temperature increases even dightly in a totally liquid-filled,
closed vessdl.

Note: Special sample cylinders with an auxiliary gas cap are avail-
able for samples which must be retained in single phase (monopha-
sic) condition. 1
i. ClosevaveB if it is not self-sealing. Open valve C, then
valve D, to relieve pressure in the pump. At this point, the -
sampler and shipping (transfer) vessel can be disconnected
from the transfer apparatus.

6.3 SURFACE SAMPLING

The surface sampling method is satisfactory for nearly al
types of reservoir fluids. It consists of taking “companion”
samples of the oil gnd gas auitlet streams from a conventional
field separator (see Figure 2) while making accurate measure-
ments of the separafor oil and separator gas producing rates
prevailing at the time of sampling. When multi-stage separa-
tion is used, the samples are taken from the first-stage (high-

Document provided by IHS Licensee=Aramco HQ/9980755100, User=, 03/29/2003
02:51:24 MST Questions or comments about this message: please call the Document
Policy Management Group at 1-800-451-1584.



24 APl RECOMMENDED PRACTICE 44

pressure) separator. The separator gas (point B) and oil (point
C) samples are subsequently recombined in the laboratory to
obtain a sample representative of the producing wellstream
(point A), which usually represents the reservoir fluid. The
details of the sampling method are discussed in this section.
The simpler techniques of sampling “dry-gas’ reservoirs are
also discussed.

6.3.1 General Considerations

Generally, the producing rate is not changed after the well
has been conditioned. Samples may be taken as soon as it has
been determined that the well is properly conditioned, provid-
ing that five separator volumes of both oil and gas have flowed
through the separator following conditioning. Flushing the
separator is necessary to remove oil and gas which was pro-
duced prior to the well being conditioned. Flushing is particu-
larly important for high gas-ail ratio wells when the separator
has a large liquid holdup. The separator gas and oil samples
should be taken at essentially the same time. The time span
should be sufficiently short (preferably no more than 1 — 3
hours) to ensure that no significant changes occur in separa-
tion conditions, particularly the temperature. Reservoir fluids
of the volatile-oil or near-critica type exhibit significant
changes in gas-oil ratio with separator temperature. Good
practice requires that triplicate samples of both gas and oil be
taken to ensure that (a) there is a high likelihood that at least
one good sample is obtained and (b) replicate samples can be
compared for consistency when they reach the laboratory.

In taking separator oil and gas samples, the goa isto obtain
fluids that are representative of those at the point in the separa-
tion process where the gas and oil exit from the separator (till
at full separator pressure) and their individua flow rates are
measured. At that point (see the gas and liquid sampling points
identified irj Figures 2|anl 7)) the gas and oil streams should
be close to thermodynamic equilibrium with each other, if
pressure, temperature and flow rates are stable, and residence
time is adequate. The true equilibrium situation is very useful
in illugtrating the factors that are important to successful sam-
pli nshovvs the phase diagram for areservoir fluid;
in addition, the phase diagrams are shown for the separator gas
and oil formed from the reservoir fl uid. and |64
reproduce the separator gas and oil phase diagrams separately,
for purposes of clarity. Notice that the separator gas is at its
dew point at separator conditions of temperature and pressure,
and the separator oil is at its bubble point.

The fact that each phase is in a saturated condition as it
leaves the separator has significant effect on sampling
requirements. In order to obtain reliable gas and oil samples,
the streams must be kept in single phase (monophasic) condi-
tion (either gas or liquid) until they enter the appropriate sam-
ple container. For the (dew-point) separator gas, this means
that the temperature must not be alowed to drop below the
separator temperature (line 1 on ; nor should the
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stream be throttled before it enters the sample container, since
the temperature decrease upon pressure reduction could bring
the stream into the two phase state (line 2 on.
Some operators prefer to limit the sampling pressure in the
gas sample containers to approximately 80% of the full sepa-
rator pressure so as to stay further avay from the two-phase
region. Similarly, for the (bubble-point) separator oil, the
pressure must not be reduced (line 2 on or gas may
come out of solution, nor should the stream be allowed to
increase in temperature (line 1 on.

Most of the precautions taken during sampling are associ-
ated with avoiding the above problems because, if a stream
becomes two-phase, any sample collected will likely be non-
representative as a result of disproportionate flow rates of the
two phases in the sampling lines and into the sample container.
In generd, from the time the separator gas leaves the separator
until it enters the sample container, it should be kept at atem-
perature at least as high as the separator temperature and a

pressure equa to or less than the separator pressure (area
inside the Sampling Region i. Similarly, the sepa-
rator oil should be kept at atemperature equal to or lower than
the separator temperature and a pressure equd to or greater
than the separator pressure (areainside the Sampling Regionin
Figure 6¢). In practice, the pressure on the separator oil sample
IS not Increased; thus it becomes important to maintain the
temperature no higher than the separator temperature, while
minimizing the pressure reduction needed to produce flow of
the sample (until it has entered the sample container).

These precautions will help ensure that the gas and oil
streamsremain in their single phase (monophasic) statesfrom
the point at which they exit the separator, through the tubing
and sampling equipment, and up to the point they enter the
sample containers.

6.3.2 Determining the Gas-oil Ratio at Time of
Sampling

The separator gas and oil rates that prevail at the time of
sampling must be measured accurately. This is as important
as securing representative separator gas and oil samples, since
the gas-ail ratio serves as the basis for determining the pro-
portions of gas and oil that will be combined to reconstitute
the producing wellstream in the laboratory. In most cases, the
producing wellstream will be representative of the reservoir
fluid if the well has been properly conditioned. The determi-
nation of the gas and oil rates can be made with the methods
described in 5.4.2 and 5.4.3. These rate measurements should
be made every 30 min. to one hour, for a period of at least 24
hours before sampling time, in order to establish their magni-
tudes and detect any trends. From this data, the gas-ail ratio
that prevailed at sampling time can be established.

[Tables 2]and 3 brovide spaces for recording the gas-ail
ratio data and serve as work sheets for performing the neces-
sary computations. Copies of these completed tables (or com-
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Figure 6—Phase Diagrams for Separator Oil and Gas

puter spreadsheets of similar data) should accompany each
set of gas and oil samples. Laboratory and engineering per-
sonnel can study the conditions under which the samples
were taken. Such information is very valuable, and a single
omission or an erroneoudly recorded value can sometimes
render the entire sampling process useless. Diligence is
required in determining the gas-ail ratio; an excess of infor-
mation is never harmful, while too little may waste the
expense of well conditioning and sampling.

6.3.3 Selection of Sampling Location on Separator

Samples of gas and oil should be taken from the best possi-
ble sample points. These should result in minimum flow
restriction from the main separator vessel. In genera, samples
are taken from thefirst stage separator (points B and C i

Some multi-stage separators may not have suitable
taps for sampling first-stage liquid, but second-stage liquid
samples can often be taken. This procedure is acceptable if
both first- and second-stage gases are sampled, so that the gas

(point D i and oil (point E) from the second stage
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can be recombined to recongtitute first-stage oil (point C).
Then this reconstituted first-stage oil is recombined with first-
stage gas. However, this situation increases the potential for
flow measurement and sampling errors. Therefore, the sim-
pler case of directly collecting first stage separator oil is pre-
ferred, if at all possible.

Potential locations for gas sampling points include the
gauge tap near the gas outlet line, the top side of the gas outlet
line, and at the meter run upstream of the orifice plate (before
the pressure drop occurs). Most separators will_have at |east
one suitable valve tap for gas sampling ( The
top side of the gas outlet lineisthe preferred location.

Liquid samples should be taken at full pressure from the oil
line, but they can be taken from the bottom valve of a gas-oil
sight gauge, the top valve of an oil-water sight gauge, or the
drain valve at the bottom of the separator (and
7). Sometimes easy sampling points are simply not available,
and specia arrangements will have to be made, such as col-
lecting the samples further downstream. Care must be taken

to understand the operation of the separator and the phase
behavior of the fluids being sampled.
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Note: The liquid samples should be taken at full separator pressure,
not at areduced pressure downstream of the oil dump (exit) valve.

If necessary, adownstream valve may have to be shut-in temporarily
to alow full separator pressure to build up at the downstream sam-
pling location. In this case, a sufficient volume should be purged
through the line such that fresh separator liquid (not subjected to
pressure less than the separator pressure) is available for sampling.

Liquid sampling should be preceded by slowly draining
about 100 cc of il into acup to clean the valve and to be sure
that oil, not water, is being produced. For example, if liquid
samples are collected from the drain shown in Figures 2 jand
7, the sample will most likely be water. The volume of all to
purge depends on the actual plumbing of the sampling equip-
ment, but it should be at least five times the internal volume
of the sampling lines and valves.

6.3.4 Separator Operation

The quality of gas samples is sensitive to the operation of
the primary separator. In particular, the separator should be of
a design having a mist extractor section, and must be sized
and operated in amanner such that there is negligible entrain-
ment of liquid in the gas stream leaving the separator. If
entrainment is a problem, specia sampling techniques must
be employed in an attempt to collect a representative single-
phase sample of only the flowing separator gas. This situation
isdefinitely inferior to that of an entrainment-free gas stream;
attention to proper separator size and operation is required.

The cycletime of the oil dump valve should be determined
before collecting separator oil samples. Separator pressure
may be temporarily upset when the dump valve opens, soitis
best to collect the oil samples between dumps. If the cycle
time is long enough, manually lock the dump valve closed
during sampling to avoid upsets. Then be sure to unlock the
valve after sampling.

Also, the separator temperature may cycle over a 24-hour
period, so arrange collection of samples during those times
when the temperature is most stable (late afternoon or early
morning).

6.3.5 SampleVolume

The volume of gas and oil samples to be collected will, in
general, be determined by the laboratory requirements. Labo-
ratory personnel should be consulted on the volume of sam-
ple required. Triplicate samples should always be obtained to
(& provide back-up samples in case some containers leak
during transit, and (b) permit replication of sample composi-
tions and properties for quality control.

As a practical guideline, triplicate samples taken in one-
gallon or one-liter containers should suffice for most applica-
tions. Specia studies, and cases in which the separator pres-
sure is low (less than about 100 psig), may require larger
volumes of gas sample. Smaller volumes (150-cc or 300-cc
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containers) may be adequate if the laboratory tests consist
only of determining composition. If two different volume
containers are provided, always use the smaller containers for
oil and the larger containers for gas samples. For example,
some laboratories provide 600-cc containers for oil samples
and 1-galon to 20-liter containers for gas samples. Special
studies may require larger volumes of one or both phases.

Laboratory personnel should be consulted about the sam-
ple volume requirements well in advance of actual sampling
time. In some cases, sufficient sample containers may not be
in stock and special arrangements will have to be made,
which may require additional time.

CAUTION: Some sample cylinders are now equipped with
pressure relief blowout disks, to guard against cylinder rup-
ture in case outage is not taken and the cylinders are inadvert-
ently overheated. Theoreticaly, this is an excellent safety
precaution and may even be required in many cases to satisfy
safety regulations. However, it has been the experience of
some commercial PVT laboratories that pressure relief blow-
out disks result in failure (the disk ruptures inadvertently and
the fluid sample is lost) in about one out of ten samples. The
experience using cylinders without the pressure relief blow-
out disks is about one lost sample out of 1000 samples.
Therefore, if blowout disks are installed in the sample con-
tainers, and it would be difficult to resample in case some
samples are logt, it is recommended that at least four sets of
samples be collected to lower the risk of sampleloss.

Document provided by IHS Licensee=Aramco HQ/9980755100, User=, 03/29/2003
02:51:24 MST Questions or comments about this message: please call the Document
Policy Management Group at 1-800-451-1584.



SAMPLING PETROLEUM RESERVOIR FLUIDS 27

6.3.6 Sampling Apparatus

" Anadequate sampling apparatus (rig) is shown inFigure 8,
- including high-pressure flexible tubing (or high-pressure
~ hose), valves, pipe nipples, pressure-gauge, and connectors.
* The pressure gauge range should be selected according to the
- sample point pressure, and should be checked to confirm that
© itisindicating accurately.

' Note: If therigisused for collecting both gas and liquid samples, the
gas samples should always be collected first, since any minor cross-

contamination of samples due to accumulation of fluid in the rig
would affect gas samples much more than liquid samples.

It is necessary for the entire sampling rig (tubing, valves,
gauges, connectors, nipples, etc.) to be rigoroudy cleaned
with appropriate solvents and blown dry with bottled nitrogen
(or dry filtered oil-free compressed air) before using it to col-
lect gas samples. Additional cleaning is not necessary
between gas sampling and oil sampling. A preferred method
isto use separate rigs for the gas and oil samples.

The length of the high-pressure flexible tubing (see

E should be just long enough to alow connecting the sam-
pling rig to the selected sampling points on the separator (see
while the sample cylinders are safely secured in a
convenient location. Excess length of the high-pressure flexi-
ble tubing only adds dead volume to the system and increases
pressure drop when collecting the samples.

Note: Some operators prefer small-bore tubing (Y/16" ID by 1/8" OD
stainless steel) for extremely small dead volume while others prefer
somewhat larger diameter high-pressure hose for connecting the
sampling rig to the gas or liquid sampling points.

Also, if the gas or liquid to be sampled contains hydrogen
sulfide (H»,S), additional equipment should be brought to the
sample site (e.g., along line through which the sample can be
vented away from personnel; or chemical treatment methods
provided, such as caustic bath or solid adsorbent to remove
the H,S before any stream is vented to the atmosphere). This
equipment should be specifically designed for HoS service
and to meet the requirements for sampling H,S-containing
fluids. Included should be H»S detectors/monitors and sup-
plemental personnel breathing apparatus. The safety aspects
of working with H»S should be thoroughly reviewed (see
Appendix A) prior to initiating the sampling program.

Small portable plastic hand-operated vacuum pumps (or
explosion-proof electricadl vacuum pumps) are available
which can be easily carried to the field and used to evacuate
the lines and the sampling rig (connected through the purge
valve). The use of such a vacuum pump eliminates the need
for the initial gas purge to the atmosphere. However, these
hand-operated vacuum pumps do not have the volume capac-
ity or adequate seals to check the vacuum on large cylinders.
As mentioned above, testing pre-evacuated vessels for ade-
guate vacuum at the time of sampling should be done only by
personnel well trained in vacuum testing procedures.

COPYRIGHT 2003; American Petroleum Institute

6.3.7 Separator Gas Sampling Methods

Four methods are described below which, under proper
conditions, will secure a representative gas sample. The best
method to use at a particular location will depend upon the
local conditions and the experience of the sampling person-
nel. In general, however, the methods described below are
given in order of their expected success in field operations.
For each method described, the sample containers, sampling
rig, and connecting tubing must be capable of safely with-
standing the pressure imposed on them during sampling. If
not, the method must be modified to prevent over-pressuring
the equipment. Equipment should be designed with a safety
factor of at least four (burst pressure rating of equipment > 4
times separator pressure).

Before departing for the sampling site, prepare the neces-
sary equipment such as that shown in[Figure 8](see 6.3.6),
including the high-pressure flexible tubing or hose, valves,
pressure gauge, and connectors. If piston-type containers are
to be used, make sure that they are properly pre-loaded with
hydraulic fluid (or water if applicable) behind the piston.

6.3.7.1 Gas Method No. 1: Filling an Evacuated
Container

This method is especially ssimple and accurate. The princi-
pal undesirable feature of the method is the requirement that
the vessel be evacuated before its transport to the sampling
point (with possible loss of vacuum during transport) or that a
vacuum pump be provided at the well site. Testing pre-evacu-
ated vessels for adequate vacuum at the time of sampling
should be done only by personnel well trained in vacuum
testing procedures, since improper testing often leads to loss
of vacuum or introduction of air into the sample vessel. (Col-
lecting an additional sample may be preferable to vacuum
testing.) A clean, evacuated container should never be purged
with separator gas and re-evacuated in the field, since any lig-
uid that condenses in the container during the purge may not
totally re-evaporate during evacuation in the field.

Sample collection is accomplished by the following steps:

a. Locate an appropriate sample source valve A on the sepa-
rator ( from which the desired sample can be
collected. Clean any debris from the valve A; open the valve
briefly to blow it out, then closeit.

b. Connect the fitting on the flexible tubing of the sampling
rig ( securely to valve A on the separator. Open
the line valve B and open the purge valve C.

c. If avacuum pump is available and personnel are qualified
in vacuum techniques, connect the sample inlet valve D on
the sample container to the fitting on the sampling rig, as
shown i Figure 8. [Connect the vacuum pump to valve C,
open valve C and vave B to evacuate the sampling rig, then
close valve C and disconnect the pump. Slowly reopen valve
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A completely to establish full separator pressure on the entire
sampling rig from valve A to valve D and proceed to step f.

d. If avacuum pump is not available, open valves B and C,
then open and close valve A in one quick burst to purge air
from the sampling rig, and quickly close valve B. Slowly
reopen valve A completely to establish full separator pressure
on the entire sampling rig from valve A to valve B.

e. Connect the sampleinlet valve D on the sample container
to the fitting on the sampling rig, as shown in Figure 8. Open
valve C, then open and close valve B in one quick burst to
purge air from the line connecting valves B and D, and close
valve C promptly.

Note: Refer to the commentsin 6.3.6 about using along vent line on
valve Cif H,Sis present.

Reopen valve B to establish full separator pressure on the
entire sampling rig from valve A to valve D.
f. Cautioudy crack open valve D, while carefully monitoring
the pressure gauge, and fill the container dowly. Continu-
oudly adjust valve D, as needed, to keep full pressure on the
pressure gauge. Filling a large container can take as long as
20 min. Progress of the filling process can be monitored by
listening for ahissing sound at valve D (and in the container),
and by monitoring the pressure gauge. When you think the
container is full, open valve D further while listening to the
container and monitoring the pressure gauge.
0. When the container is full, close valve D and then close
valve B.

h. Slightly open valve C to bleed the connections between
valves B and D to atmospheric pressure.
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Note: The line from valve A to B, including the pressure gauge, is
still under full pressure. Also, refer to the comments in 6.3.6 about
using along vent line on valve C if H,Sis present.

i. Disconnect the sample container. This is the last step in
collecting the first sample. The apparatus is now ready for
collecting additional samples, by repeating stepse—h.

j. Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from all parts of the line and sampling
rig before disconnecting the line from valve A.

Note: Refer to the commentsin 6.3.6 about using along vent line on
vave Cif HySis present.

k. Insert sealing plugs into the valves on each sample con-
tainer; then check the valves for leaks by immersing them in
water or painting them with soap solution. Before inserting
the sealing plugs, the threads should be lubricated by stretch-
ing Teflon® tape into the threads, or by applying pipe dope.
After a container is determined to be lesk-free, it should be
tagged and otherwise prepared for storage or transit.

6.3.7.2 Gas Method No. 2: Filling a Piston-type
Container

Thisisapreferred method for non-mercury gas sample han-
dling if other non-mercury transfer vessels are not available in
the laboratory and repressurization is needed. Sample contain-
ersare available that contain afloating piston that separates the
sample side from the hydraulic-oil side of the container. Use of
these containers has the advantage of permitting samples to be
maintained at full separator pressure, and to be transferred in
the laboratory at full pressure. This type container is required
for a mercury-free laboratory if other non-mercury transfer
vessdls (or oil-less compressors) are not available. A disadvan-
tage is the possihility of contamination of the sample with
hydraulic fluid, if the seal on the piston leaks. (Water can be
used as the hydraulic fluid to minimize the possibility of con-
tamination, but the operator should first check with the manu-
facturer to ensure that water will not damage the container.)

If a piston-type container is being used, hydraulic fluid
must be pre-loaded behind the piston so that the piston posi-
tion isfully toward the sampling end. A danger isthat inexpe-
rienced personnel may not know this, and would attempt to
use this type container without a proper fill of hydraulic fluid.
In such acase, full pressure will not be maintained on the gas
during sampling and the process will be essentially the same
as filling an empty container, except the seal on the piston
might leak. Check with the manufacturer'sinstructions so that
the operation of the piston-type container is completely
understood before commencing the sampling operation.

This sampling technique is asfollows:

a Locate an appropriate sample source valve A on the sepa-
rator (seg Figure 7) ffrom which the desired sample can be
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collected. Clean any debris from the valve A; open the valve
briefly to blow it out, then closeit.

b. Connect the fitting on the flexible tubing of the sampling
rig ( securely to valve A on the separator. Open
the line valve B and open the purge valve C.

c. If avacuum pump is available and personne are qualified
in vacuum techniques, connect the sampleinlet valve D on the
sample container to the fitting on the sampling rig, as shown
in Connect the vacuum pump to valve C, open valve
C and vave B to evacuate the sampling rig, then close valve
B. Slowly reopen valve A completely to establish full separa-
tor pressure on the entire sampling rig from valve A to valve
B. Open valve D to evacuate the connection and the small
dead volume in the container (the interna volume between
valve D and the face of the piston when the piston position is
at the sampling end), then close valve C and disconnect the
pump. Slowly reopen valve B completely to establish full sep-
arator pressure on the entire system from valve A to the face
of the piston in the container, and proceed to step f.

d. If avacuum pump is not available, open valves B and C,
then open and close valve A in one quick burst to purge air
from the sampling rig, and quickly close valve B. Slowly
reopen valve A completely to establish full separator pressure
on the entire sampling rig from valve A to valve B.

e. Connect the sampleinlet valve D on the sample container
to the fitting on the sampling rig, as shown in|Figure 8.|Fully
open valve D and valve C, then open and close valve B in one
quick burst to purge air from the line connecting valves B and
D, and the dead volume in the sample container, and close
valve C promptly.

Note: Refer to the commentsin 6.3.6 about using along vent line on
valve Cif H,Sis present.

Reopen valve B to establish full separator pressure on the
entire sampling rig from valve A through valve D to the face
of the piston in the sample container.

f. Cautioudy crack open sample outlet valve E, while care-
fully monitoring the pressure gauge, and alow the incoming
gas sampleto dowly displace hydraulic oil into asuitable col-
lection vessel. Continuoudly adjust valve E, as needed, to be
sure that the rate of sample collection is sufficiently slow so
that full separator pressure is maintained on the sample side
of the piston (asindicated by the pressure gauge).

g. The sampling operation can be ended when a desired vol-
ume of sampleis collected (asindicated by agiven volume of
hydraulic fluid being displaced to the collection vessel) or by
the piston reaching the bottom of the sample container (as
indicated by hydraulic fluid ceasing to flow from valve E).
ClosevalvesE, D, and B, in that order.

h. Slightly open vave C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
till under full pressure. Also, refer to the comments in 6.3.6 about
using along vent line on valve C if HoSis present.
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i. Disconnect the sample container. This is the last step in
collecting the first sample. The apparatus is now ready for
collecting additional samples, by repeating stepse—h.

j. Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from al parts of the line and sampling
rig before disconnecting the line from valve A.

Note: Refer to the commentsin 6.3.6 about using along vent line on
vave Cif HoSis present.

k. Insert sealing plugs into the valves on each sample con-
tainer; then check the valves for leaks by immersing them in
water or painting them with soap solution. Before inserting
the sealing plugs, the threads should be lubricated by stretch-
ing Teflon® tape into the threads, or by applying pipe dope.
After a container is determined to be leak-free, it should be
tagged and otherwise prepared for storage or transit.

6.3.7.3 Gas Method No. 3: Purging with Separator
Gas

If evacuated or piston-type sample containers are not avail-
able, samples can be taken by the gas-purge method. In this
method, either (a) separator gasis allowed to flow through the
container to purge air from the container (also caled the
sweep method) or (b) the container is filled with separator
gas, then purged to atmospheric pressure severa times to
remove the air. In either case, the sample is collected follow-
ing the purging operation.

The purge method is considered clearly inferior to methods
Nos. 1 and 2, above, since the potential exists for liquids to
condense in the container and accumulate during the purge
period(s). If condensation occurs, the liquid tends to stick to
the container walls and not be fully displaced from the con-
tainer. The result will be a sample which contains a dispro-
portionately high concentration of heavy ends.

If the purge method is used, it is mandatory that the sample
lines and container be maintained at a temperature higher
than the separator temperature in order to minimize the
potential for partial condensation of the separator gas. Even
this is not completely fool-proof, since condensation can
occur due to cooling from the throttling (pressure drop) that
occurs across the sample inlet valve D. The sampling steps
for the sweep method are given below:

a. Locate an appropriate sample source valve A on the sepa-
rator (see from which the desired sample can be
collected. Clean any debris from the valve A; open the valve
briefly to blow it out, then closeit.

b. Connect the fitting on the flexible tubing of the sampling
rig (securely to vave A on the separator. Open
the line valve B and open the purge valve C.

c. If avacuum pump is available and personnel are qualified
in vacuum techniques, connect the sample inlet valve D on
the sample container to the fitting on the sampling rig, as

shown in[Figure 8. [Connect the vacuum pump to valve C,
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open valve C and valve B to evacuate the sampling rig, then
close valve C and disconnect the pump. Slowly reopen valve
A completely to establish full separator pressure on the entire
sampling rig from valve A to valve D and proceed to step f.

d. If avacuum pump is not available, open valves B and C,
then open and close valve A in one quick burst to purge air
from the sampling rig, and quickly close vave B. Slowly
reopen valve A completely to establish full separator pressure
on the entire sampling rig from valve A to valve B.

e. Connect the sampleinlet valve D on the sample container
to the fitting on the sampling rig, as shown in Figure 8. Dpen
valve C, then open and close valve B in one quick burst to
purge air from the line connecting valves B and D, and close
valve C promptly.

Note: Refer to the commentsin 6.3.6 about using along vent line on
vave Cif HySis present.

Reopen valve B to establish full separator pressure on the
entire sampling rig from valveA to valve D.
f. Cautioudy crack open valve D, while carefully monitoring
the pressure gauge, and fill the container dowly. Continu-
ously adjust valve D, as needed, to keep full pressure on the
pressure gauge. Filling a large container can take as long as
twenty min. Progress of the filling process can be monitored
by listening for a hissing sound at valve D (and in the con-
tainer), and by monitoring the pressure gauge. When you
think the container is full, open valve D further while listen-
ing to the container and monitoring the pressure gauge. Open
valve D completely.
0. Slightly open valve E and permit gas to flow through the
sample container; be sure the flow rate is sufficiently low so
that full pressureis always shown on the pressure gauge.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H,Sis present.

After several container volumes of gas have passed
through the container, close valves E, D, and B, in that order.
h. Slightly open valve C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
till under full pressure.

i. Disconnect the sample container. This is the last step in
collecting the first sample. The apparatus is now ready for
collecting additional samples, by repeating stepse—h.

j. Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from all parts of the line and sampling
rig before disconnecting the line from valve A.

Note: Refer to the commentsin 6.3.6 about using along vent line on
vave Cif HySis present.

k. Insert sealing plugs into the valves on each sample con-
tainer; then check the valves for leaks by immersing them in
water or painting them with soap solution. Before inserting
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the sealing plugs, the threads should be lubricated by stretch-
ing Teflon® tape into the threads, or by applying pipe dope.
After a container is determined to be leak-free, it should be
tagged and otherwise prepared for storage or transit.

6.3.7.4 Gas Method No. 4: Displacing a Liquid

This method consists of collecting the gas sample by dis-
placing a liquid from an initialy liquid-filled sample con-
tainer. The advantage of this method is that the gas sample is
collected at full pressure (just like filling a piston-type con-
tainer as described in 6.3.7.2); therefore, there is no cooling
from throttling and no liquids condense due to pressure drop.
The disadvantage of this method is that the liquids typically
used (brine, glycol, water) can preferentially absorb (dis-
solve) certain components from the gas into the liquid,
thereby altering the gas sample. In particular, carbon dioxide
and hydrogen sulfide are much more soluble in these liquids
than are the hydrocarbon components of the gas.

However, if free-draining containers are used (those with a
design in which liquid can not get trapped in a depression
around the exit port), and the container is maintained in a ver-
tical position during gas sampling, essentially all of the liquid
can be drained out. Additional gas (at full separator pressure)
is then allowed to flow down through the container to purge
out gas that may have been altered by contact with the liquid.
Finally, proceed with stepsh —k of 6.3.7.3.

These steps are essentialy identica to those of Gas
Method No. 2 (see 6.3.7.3), except for the extra gas purge
step, as described above.

If free-draining design containers are not available, the lig-
uid displacement method is not recommended for gas sam-
pling because of the reasons discussed previously.

6.3.8 Separator Liquid Sampling Methods

Five procedures will be described for taking hydrocarbon
liquid (oil or condensate) samples at the separator. The objec-
tive of all methods is to obtain a sample of the separator oil
with no loss of dissolved gas, as described in 6.3.1, and to
avoid entrapping any extraneous contaminating gas or other
liquid.

Some containers have dip tubes, connected internaly to
only one exit port. These are not recommended since their
operation can be confusing to the user, unless they are recog-
nized and their configuration clearly understood.

At the conclusion of any oil sampling operation, a vapor
space (“outage” volume) must be provided in the oil sample
container to provide a compressible cushion to prevent leak-
age from excessive pressureif the temperature of the container
should increase. Thisisin addition to the use of pressurerelief
devices, as required to meet shipping regulations. However,
the creation of this vapor space must be done without atering
the overall composition of the fluid in the container.
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Before departing for the sampling site, prepare the neces-
sary equipment as shown i see 6.3.6), including
the high-pressure flexible tubing, valves, pressure-gauge, and
connectors. If piston-type containers are to be used, make
sure that they are properly pre-loaded with hydraulic fluid
behind the piston.

For each method described, the sample containers, sam-
pling rig, and connecting tubing must be capable of safely
withstanding the pressure imposed on them during sampling
operations. If not, the method must be modified to prevent
over-pressuring the equipment. Equipment should be
designed with a safety factor of at least four (burst pressure
rating of equipment = 4 times separator pressure).

The best sampling method at a particular location will
depend upon the local conditions and the experience of the
sampling personnel. In genera, however, the methods
described below are presented in order of their expected suc-
cessin field operations.

6.3.8.1 Oil Method No. 1: Displacing a Liquid

This method consists of collecting a sample by displacing a
liquid that is insoluble in the il (typically water, glycol-water
mixture, or brine) from a sample container initialy pre-loaded
with the liquid to be displaced. This method has the same
drawbacks described in 6.3.7.4. However, it is judged the easi-
est and safest method for most personnel to follow, particularly
those personnel inexperienced in the Evacuated Container
Method. The steps are similar to those described in 6.3.8.3:

a Locate riate sample source valve A on the sepa-
rator (see|Figure 7) From which the desired oil sample can be

collected. Clean any debris from valve A, hold arag over the
valve (or attach a temporary purge line connected to a suit-
able container), open valve A dowly, purge sufficient ail
through the valve, and then close valve A. Remove the rag or

temporary purge line.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H,Sis present.

b. Connect the fitting on the flexible tubing of the sampling
rig (seg Figure 8)[securely to valve A on the separator. Open
the line valve B and open the purge valve C.
c¢. If avacuum pump isavailable and personnd are qualifiedin
vacuum techniques, connect the sample inlet valve D on the
sample container to thefitting on the sampling rig, as shownin
Connect the vacuum pump to valve C, open valve C
and valve B to evacuate the sampling rig, then close valve B.
Slowly reopen valve A completely to establish full separator
pressure on the entire sampling rig from velve A to valve B.
Open valve D to evacuate the connection and any dead volume
above the liquid in the container, then close valve C and dis-
connect the pump. Slowly reopen vave B completely to
establish full separator pressure on the entire system from
valveA to theliquid in the container, and proceed to step f.
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d. If avacuum pump is not available, close valve B and open
valve A dowly (the pressure on the gauge should rise to the
separator pressure). Close valve A, attach a purge line at the
end of therig below valve C, close valve C, and open valve B
to let the pressure deplete to atmospheric. Close valve B, then
slowly reopen valve A completely. Slightly open valve B and
dowly purge a volume of oil equivalent to severa times the
volume of the sampling rig, collecting the purged oil in a suit-
able container (maintain full separator pressure on the
pressure gauge during this purge). Close valve B and remove
the purge line. Full separator pressure should now be on the
entire sampling rig from valve A to valve B.

e. Connect the sampleinlet valve D on the sample container
to the fitting on the sampling rig, as shown in Figure 8|and
attach apurge line at the end of valve C. Open valve D, close
valve C, and open valve B dowly to pressure up the connec-
tion with the container and any dead volume above the liquid
in the container. Close valve B and open valve C to let the
pressure deplete to atmospheric. Close valve C, then dowly
reopen valve B completely. Slightly open valve C and slowly
purge a volume of oil equivalent to severd times the volume
of the connection, collecting the purged ail in a suitable con-
tainer (maintain full separator pressure on the pressure gauge
during this purge). Close valve C and remove the purge line.
Full separator pressure should now be on the entire sampling
rig from valve A to the pre-load liquid in the container. Be
surethat valve D isleft completely open.

f. Cautioudly crack open sample outlet valve E and alow the
sample fluid to slowly displace the pre-load liquid into a suit-
able collection vessel. Continuously adjust valve E, as
needed, to be sure that the rate of sample collection is suffi-
ciently dow to keep full pressure in the container (as
indicated by the pressure gauge). The operation must be
stopped with at least enough pre-load liquid left in the con-
tainer to provide the “outage” required in step g, below. Close
valvesE, D, and B, in that order.

0. Open valve E dightly (with valve D closed) and drain into
the collection vessel the remaining volume of pre-load liquid
equal to approximately 10% of the container volume. Be very
alert to rapidly close valve E when thefirst drop of oil sample
exits (usually indicated by a hiss from the solution gas escap-
ing to the atmosphere). This will create the necessary vapor
space in the container, without altering the overall composi-
tion of the oil sample. Close valve E securely.

h. Slightly open vave C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
still under pressure. Also, refer to the commentsin 6.3.6 about using
along vent lineif HoSis present.

i. Disconnect the sample container. This is the last step for
the first sample and |eaves the apparatus ready for collection
of additional samples, by repesating stepse —h.

Document provided by IHS Licensee=Aramco HQ/9980755100, User=, 03/29/2003
02:51:24 MST Questions or comments about this message: please call the Document
Policy Management Group at 1-800-451-1584.



32 APl RECOMMENDED PRACTICE 44

j. Following callection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from al parts of the line and sampling
rig before disconnecting the line from source valve A.

k. Wipe the valves on the sample container clean and inspect
for any signs of leakage. After a container is determined to be
lesk-free, insert plugsin the valves, then tag the container and
otherwise prepareit for storage or transit. Before inserting the
sealing plugs, the threads should be lubricated by stretching
Teflon® tape into the threads, or by applying pipe dope.

6.3.8.2 Oil Method No. 2: Filling an Evacuated
Container

This method can yield excellent samples. The principle
draw-backs of the method are (a) the requirement that the
vessel be evacuated before its transport to the sampling point
(with possible loss of vacuum during transport) or that a vac-
uum pump be provided at the well site, (b) that inexperienced
sampling personnel tend to be impatient (and not rock the
container during the filling process) and thereby do not col-
lect sufficient volume of liquid sample in the container due to
initial gas break-out when the oil encounters the reduced
pressures in the container, (c) transfer of the oil from the con-
tainer at the laboratory requires injection of some transfer
fluid (e.g., mercury or water) and (d) taking outage may alter
the composition of the sample.

Because of the possibility of collecting lessthan afull con-
tainer of oil with this method, it is advised that extra contain-
ers be collected if there is any doubt about obtaining
sufficient volume. Again, check with laboratory personnel
about the oil volume requirements. This method is not recom-
mended for collecting samples of very low pressure and/or
very heavy (low API gravity) oils.

The sampling steps are as follows:

a Locate an appropriate sample source valve A on the sepa-
rator (sef Figure 7)| from which the desired oil sample can be
collected. Clean any debris from valve A, hold arag over the
valve (or attach a temporary purge line connected to a suit-
able container), open valve A dowly, purge sufficient oil
through the valve, and then close valve A. Remove the rag or
temporary purge line.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H,Sis present.

b. Connect the fitting on the flexible tubing of the sampling
rig (%e securely to valve A on the separator. Open
the line valve B and open the purge valve C.

c. If avacuum pump is available and personnel are qualified
in vacuum techniques, connect the sampleinlet valve D on the
sample container to the fitting on the sampling rig, as shown
in/Figure 8. Connect the vacuum pump to valve C, open valve
C and valve B to evacuate the sampling rig, then close valve
B. Slowly reopen valve A completely to establish full separa-
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tor pressure on the entire sampling rig from valve A to valve
B. Open valve C to evacuate the connection to valve D, then
close valve C and disconnect the pump. Slowly reopen valve
B completely to establish full separator pressure on the entire
system from valve A to valve D, and proceed to step f.

d. If avacuum pump is not available, close valve B and open
valve A slowly (the pressure on the gauge should rise to the
separator pressure). Close valve A, attach a purge line at the
end of therig below valve C, close valve C, and open valve B
to let the pressure deplete to atmospheric. Close valve B, then
slowly reopen valve A completely. Slightly open valve B and
dowly purge a volume of oil equivalent to severa times the
volume of the sampling rig, collecting the purged oil in asuit-
able container (maintain full separator pressure on the
pressure gauge during this purge). Close valve B and remove
the purge line. Full separator pressure should now be on the
entire sampling rig from valve A to valve B.

e. Connect the sasmpleinlet valve D on the sample container to
the fitting on the sampling rig, as shown id attach
a purge line a the end of vave C. Close valve C, and open
vave B dowly to pressure up the connection to valve D. Close
valve B and open valve C to let the pressure deplete to atmo-
spheric. Close valve C, then dowly reopen valve B completely.
Slightly open valve C and dowly purge avolume of oil equiva-
lent to severa times the volume of the connection, collecting
the purged oil in a suitable container (maintain full separator
pressure on the pressure gauge during this purge). Close vave
C and remove the purge line. Full separator pressure should
now be on the entire sampling rig from valve A to valve D.

f. Slightly open valve D on the sample container and allow
the ail to enter the container. Continuously adjust valve D to
be sure that the rate of sample collection is sufficiently slow
so that full separator pressure remains on the upstream side of
valve D (asindicated by the pressure gauge). During the fill-
ing process, rock the container many times (approximately 45
degrees above and then 45 degrees below horizontal) to agi-
tate the liquid and increase its contact with the evolved
solution gas. As the container is filled, the internal pressure
will gradudly increase and the amount of gas phase will
diminish as the gas re-dissolves into the oil. When sampling
is thought to be complete, open valve D further and rock the
container additional times. Determining when the flow into
the sample container is complete is difficult, so patience is
required. When sampling is complete, close valves D and B.

Note: At all times during the sampling process, the sample line and
container should be maintained at a temperature equal to or dightly
lower than that in the separator, in order to avoid excessive partial
vaporization of the oil. Usually, there is no need to take outage on
the sample, since the gas which evolves inside the container will
generally not go completely back into solution in the il in the time
period required for sampling. If this has been the case, do not take
outage and proceed to step h. However, if the container temperature
is more than 10°F below separator temperature, the container may
completely fill with liquid, particularly if the container isrocked dur-
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ing collection of the sample. In such cases, outage should be taken as
d@pribed in step g, below.

0. .To take outage, orient the container in a vertical position,
keep valve D closed and quickly open and close valve E in one
quick burst to drain some oil from the bottom of the container.
The drained oil should amount to only about 2% — 10% of the
container contents. This process will cause the ail in the con-
tainer to partially vaporize, but if the operation is done rapidly
(and only once) as described above, there will not be time for
gravity segregation and there will be minimal changein overdll
composition of the original ail in the container.

h. Slightly open valve C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
still under pressure. Also refer to the commentsin 6.3.6 about using
along vent lineif HoSis present.

i. Disconnect the sample container. This is the last step for
the first sample and |eaves the apparatus ready for collection
of additional samples, by repeating stepse—h.

j. Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from dl parts of theline and sampling
rig before disconnecting the line from source valveA.

k. Wipe the valves on the sample container clean and inspect
for any signs of leakage. After a container is determined to be
leak-free, insert plugsin the valves, then tag the container and
otherwise prepareit for storage or transit. Before inserting the
sealing plugs, the threads should be lubricated by stretching
Teflon® tape into the threads, or by applying pipe dope.

6.3.8.3 Oil Method No. 3: Filling a Piston-type
Container

Thisis a preferred method for non-mercury liquid sample
collection. It has the advantages that the liquid sample can be
kept at the saturation pressure throughout the collection pro-
cess, which avoids gas break-out from the sample. In addi-
tion, the sample does not come into contact with any other
fluids during sampling or during transfer in the laboratory.
The undesirable feature of the method is that with sample
containers, the potential for contamination with hydraulic
fluid exists if the seal on the piston leaks. (Water can be used
as the hydraulic fluid to minimize the possihility of contami-
nation, but the operator should first check with the manufac-
turer to ensure that water will not damage the container.)

If a piston-type container is being used, hydraulic fluid
must be pre-loaded behind the piston so that the piston posi-
tion isfully toward the sampling end. A danger isthat inexpe-
rienced personnel may not know this, and would attempt to
use this type container without a proper fill of hydraulic fluid
and without proper hydraulic pressure support on the piston
sedl. In such a case, full pressure will not be maintained on
the separator oil during sampling and the process will be
essentially the same as filling an empty container, except the
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sedl on the piston might leak. The manufacturer's instructions
should be consulted to ensure that the operation of the piston-
type container is completely understood before commencing
the sampling operation.

The method is essentiadly identical to that described in
6.3.8.1 for oil sampling by displacing aliquid. The procedure
isthe following:

a. Locate an appropriate sample source valve A on the sepa-
rator (rom which the desired oil sample can be
collected. Clean any debris from valve A, hold a rag over the
valve (or attach a temporary purge line connected to a suit-
able container), open vave A dowly, purge sufficient oil
through the valve, and then close valve A. Remove the rag or
temporary purgeline.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H,S s present.

b. Connect the fitting on the flexible tubing of the sampling
rig (sep Figure 8)|securely to valve A on the separator. Open
the line valve B and open the purge valve C.
c. If avacuum pump is available and personnd are qualified
in vacuum techniques, connect the sampleinlet valve D on the
sample container to thefitting on the sampling rig, asshownin
| Figure 8.|Connect the vacuum pump to valve C, open valve C
and valve B to evacuate the sampling rig, then close valve B.
Slowly reopen valve A completely to establish full separator
pressure on the entire sampling rig from valve A to valve B.
Open valve D to evacuate the connection and the small dead
volume in the container (the internal volume between valve D
and the face of the piston when the piston position is at the
sampling end), then close valve C and disconnect the pump.
Slowly reopen valve B completely to establish full separator
pressure on the entire system from valve A through valve D to
the face of the piston in the container, and proceed to step f. Be
sure that valve D is completely open.
d. If avacuum pump is not available, close valve B and open
valve A sowly (the pressure on the gauge should rise to the
separator pressure). Close valve A, attach a purge line at the
end of therig below valve C, close valve C, and open valve B
to let the pressure deplete to atmospheric. Close valve B, then
dowly reopen valve A completely. Slightly open valve B and
dowly purge a volume of oil equivalent to severa times the
volume of the sampling rig, collecting the purged oil in a suit-
able container (maintain full separator pressure on the
pressure gauge during this purge). Close valve B and remove
the purge line. Full separator pressure should now be on the
entire sampling rig from valve A to valve B.
e. Connect the sampleinlet valve D on the sample container
to the fitting on the sampling rig, as shown i Figure 8 &nd
attach a purge line at the end of valve C. Open valve D, close
valve C, and open valve B dowly to pressure up the connec-
tion with the container and any dead volume in the sample
container. Close valve B and open valve C to let the pressure
deplete to atmospheric. Close valve C, then slowly reopen
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valve B completely. Slightly open valve C and slowly purge a
volume of oil equivalent to severa times the volume of the
connection, collecting the purged oil in a suitable container
(maintain full separator pressure on the pressure gauge during
this purge). Close valve C and remove the purge line. Full
separator pressure should now be on the entire sampling rig
from valve A through valve D to the face of the piston in the
sample container. Be sure that valve D is completely open.

Note: This method is not perfect because the oil in the dead volume
in the sample container has not been purged under pressure. How-
ever, if the piston position is fully toward the sampling end of the
container, the amount of oil in the dead volume will be negligible.

f. Cautioudly crack open sample outlet valve E, while care-
fully monitoring the pressure gauge, and allow the sample
fluid to dowly displace the pre-load hydraulic oil into a suit-
able collection vessel. Continuously adjust valve E, as
needed, to be sure that the rate of sample collection is suffi-
ciently sow so that full separator pressure is maintained on
the sample side of the piston (as indicated by the pressure
gauge). The sampling operation can be ended when a desired
volume of sample is collected (as indicated by a given vol-
ume of hydraulic fluid being displaced to the collection
vessel).  The operation must be stopped with at least enough
pre-load liquid left in the container to provide the “outage”
required in step g, below. Close valves E, D, and B, in that
order. (If the container has a magnetic indicator to show the
position of the piston, then nitrogen gas can be used as the
hydraulic fluid behind the piston, and step g can be eliminated
so long as approximately 10% volume of nitrogen remains on
the hydraulic side of the piston.)

g. Open valve E dightly (with valve D closed) and drain into
the collection vessel a volume of hydraulic oil equa to
approximately 10% of the container volume. This will create
the necessary vapor space in the container without altering
the overall composition of the oil sample. (Be sureto leave at
least some hydraulic oil behind the piston so that there is
pressure support on the seal and very little pressure drop
across the seal). Close valve E securdly.

h. Slightly open vave C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
till under pressure. Also, refer to the commentsin 6.3.6 about using
along vent lineif HoSis present.

i. Disconnect the sample container. This is the last step for
the first sample and |eaves the apparatus ready for collection
of additional samples, by repeating stepse—h.

j- Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from all parts of the line and sampling
rig before disconnecting the line from source valve A.

k. Wipe the valves on the sample container clean and inspect
for any signs of leskage. After acontainer is determined to be
leak-free, insert plugsin the valves, then tag the container and
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otherwise prepare it for storage or transit. Before inserting the
sedling plugs, the threads should be lubricated by stretching
Teflon® tape into the threads, or by applying pipe dope.

6.3.8.4 Oil Method No. 4: Purging with Separator Oil

This method consists of filling an unpurged container from
the bottom with separator oil until it is at separator pressure
(the container must be verticaly oriented). The top vave is
then opened very dightly, and ail is permitted to flow up
through the container to displace the air and air-contaminated
oil. Care must be taken to maintain the pressure in the con-
tainer equal to the separator pressure during the purge to pre-
vent loss of dissolved gas from the system. A suitable length of
connecting hose (purge line) should be available to transmit the
effluent oil from the container to a suitable collection vessdl.

After at least two container volumes of oil have been dis-
placed out the top valve, the valves are closed (top vavefirst).
For outage, a gas cap may be created by quickly releasing a
portion of the sample from the bottom valve while the con-
tainer isin avertica position (identical to step g of 6.3.8.2).
This method is capable of yielding representative samples. Its
main disadvantages are (a) it is considerably messier than
other methods due to the production of several container vol-
umes of waste ail, (b) outage must be taken, which can alter
the sample composition, and (c) if the separator “oil” is a
light condensate, most of it may vaporize when purging from
the container and it will be very difficult to determine the
actua high-pressure volume displaced. Its main advantages
are (1) its simplicity and (2) avoiding contamination by
another fluid.

The steps in this method are essentially identical to those
described in 6.3.7.3 for the purge method of gas sampling,
except that the container is inverted to fill from the bottom
and outage must be taken. The detailed sampling steps for
purging with separator oil are given below:

a Locat priate sample source valve A on the sepa-
rator (9; Figure 7)[from which the desired oil sample can be
collected. Clean any debris from valve A, hold arag over the
valve (or attach a temporary purge line connected to a suit-
able container), open valve A slowly, purge sufficient oil
through the valve, and then close valve A. Remove the rag or
temporary purge line.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H>S is present.

b. Connect the fitting on the flexible tubing of the sampling
rg(see securely to valve A on the separator.

c¢. A vacuum pump is not heeded for this method since purg-
ing isused.

d. Close valve B and open vave A dowly (the pressure on the
gauge should rise to the separator pressure). Close valve A,
attach a purge line at the end of the rig below valve C, close
valve C, and open valve B to let the pressure deplete to atmo-
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spheric. Close valve B, then dowly reopen valve A completely.
Slightly open valve B and slowly purge avolume of oil equiva
lent to severd times the volume of the sampling rig, collecting
the purged ail in a suitable container (maintain full separator
pressure on the pressure gauge during this purge). Close valve
B and remove the purge line. Full separator pressure should
now be on the entire sampling rig from valve A to valve B.

e. Connect the sampleinlet valve D on the sample contajner
to the fitting on the sampling rig, as shown in|Figure 8 [and
invert the container so that it is positioned vertical with the
sample outlet valve E on top. Close valve C, close valve E,
open vave D, and open vave B dowly to pressure up the
container. Be sure that valve D is completely open. Attach a
purge line to the top of valve E.

f. Cautiously crack open sample outlet valve E and allow at
least two container volumes of oil sample to be dowly dis-
placed through the container into a suitable drain or collection
vessdl. Continuously adjust valve E, as needed, to be sure that
the rate of sample collection is sufficiently slow to keep full
pressure in the container (asindicated by the pressure gauge).
ClosevalvesE, D, and B, in that order.

0. To teke outage, return the container to the initial vertica
position with valve E down, keep valve D closed, and quickly
open and close valve E in one quick burst to drain some oil
from the bottom of the container. The drained oil should
amount to only about 2% — 10% of the container contents.
This process will cause the ail in the container to partially
vaporize, but if the operation is done rapidly (and only once)
as described above, there will not be time for gravity segreger
tion and there will be minimal change in overall composition
of the original oil in the container. Close valve E securely.

h. Slightly open valve C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
till under pressure. Also, refer to the commentsin 6.3.6 about using
along vent lineif HoSis present.

i. Disconnect the sample container. This is the last step for
the first sample and |eaves the apparatus ready for collection
of additional samples, by repeating stepse—h.

j. Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from all parts of the line and sampling
rig before disconnecting the line from source valve A.

k. Wipe the valves on the sample container clean and inspect
for any signs of leakage. After a container is determined to be
leak-free, insert plugsin the valves, then tag the container and
otherwise prepareit for storage or transit. Before inserting the
sealing plugs, the threads should be lubricated by stretching
Teflon® tape into the threads, or by applying pipe dope.

6.3.8.5 Oil Method No. 5: Displacing Separator Gas

This method consists of displacing separator gas from the
sample container with the separator oil. The sample container
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is first pre-filled with separator gas. To accomplish this, the
sample container is connected to a suitable gas-sampling
point on the separator and gasis alowed to flow at a moder-
ate rate through the container to displace the air in a manner
similar to that described in 6.3.7.3. The container should bein
avertical position with the gas entering at the top and displac-
ing the air out the bottom.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H,Sis present.

Purging the container at a moderate rate and flowing the
gasthrough it in a vertically downward direction will help to
prevent the accumulation of liquid hydrocarbons in the con-
tainer in an amount that could significantly contaminate the
liquid sample taken subsequently (which is the mgjor disad-
vantage of this method).

When the container has been thoroughly purged, close the
container outlet valve, alow the gas pressure to build up to
separator pressure, and close the inlet valve. The container
may then be disconnected (after releasing pressure in the con-
necting line) and moved to the liquid sampling point. Repeat
the above stepsto pre-fill dl liquid sample containerswith sep-
arator gas. The liquid sampling can then be done as follows:

a. Locate an appropriate sample source valve A on the sepa-
rator (see from which the desired oil sample can be
collected. Clean any debris from valve A, hold arag over the
valve (or attach a temporary purge line connected to a suit-
able container), open valve A dowly, purge sufficient ail
through the valve, and then close valve A. Remove the rag or
temporary purge line.

Note: Refer to the commentsin 6.3.6 about using along vent line if
H,Sis present.

b. Connect the fitting on the flexible tubing of the sampling
rig (see Figure 8)|securely to valve A on the separator.

¢. A vacuum pump is not needed for this method.

d. Closevave B and open valve A dowly (the pressure on the
gauge should rise to the separator pressure). Close valve A,
attach a purge line at the end of the rig below valve C, close
vave C, and open valve B to let the pressure deplete to atmo-
spheric. Close valve B, then Sowly reopen valve A completely.
Slightly open valve B and dowly purge avolume of il equiva-
lent to several times the volume of the sampling rig, collecting
the purged oil in a suitable container (maintain full separator
pressure on the pressure gauge during this purge). Close vave
B and remove the purge line. Full separator pressure should
now be on the entire sampling rig from vaveA to valve B.

e. Connect the sampleinlet valve D on the sample container
to the fitting on the sampling rig, as shown in[Figure 8Jand
invert the container so that it is positioned vertical with the
sample outlet valve E on top (liquid sample will enter the bot-
tom and gas will exit from the top of the container.). Valve D
will be closed, since the container is aready pre-filled with
Separator gas. With valve C closed, open valve B dowly to
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pressure up the connection to valve D. Close valve B and
open valve C to let the pressure deplete to atmospheric. Close
vave C, then dowly reopen valve B completely. Slightly
open valve C and slowly purge a volume of oil equivalent to
severd times the volume of the connection, collecting the
purged oil in a suitable container (maintain full separator
presstre on the pressure gauge during this purge). Close valve
C and remove the il purge line. Full separator pressure
should now be on the entire sampling rig from valve A to
valve D. Carefully open valve D completely and allow the
separ'ator oil to contact the full pressure equilibrium separator
gasin the sample container.

f. Cautiously crack open sample outlet valve E and alow the
separator oil to dowly displace the separator gas from the
container. Continuously adjust valve E, as needed, to be sure
that the rate of sample collection is sufficiently slow to keep
full pressure in the container (as indicated by the pressure
gauge). Close valve E when liquid first appears at this outlet,
then close valves D and B.

g. To take outage, return the container to the initia vertica
position with valve E down, keep valve D closed, and quickly
open and close valve E in one quick burst to drain some ail
from the bottom of the container. The drained oil should
amount to only about 2% — 10% of the container contents.
This process will cause the ail in the container to partially
vaporize, but if the operation is done rapidly (and only once)
as described above, there will not be time for gravity segrega
tion and there will be minimal change in overall composition
of the origind ail in the container. Close valve E securely.

h. Slightly open valve C to bleed the connections between
valves B and D to atmospheric pressure.

Note: The line from valve A to B, including the pressure gauge, is
still under pressure. Also, refer to the commentsin 6.3.6 about using
along vent lineif HoSis present.

i. Disconnect the sample container. This is the last step for
the first sample and |eaves the apparatus ready for collection
of additional samples, by repeating stepse—h.

j. Following collection of the last sample, close valve A
securely, then open valve B (and valve C if it is not already
open) to bleed pressure from all parts of the line and sampling
rig before disconnecting the line from source valveA.

k. Wipe the valves on the sample container clean and inspect
for any signs of leskage. After acontainer is determined to be
leak-free, insert plugsin the valves, then tag the container and
otherwise prepareit for storage or transit. Before inserting the
sealing plugs, the threads should be lubricated by stretching
Teflon® tape into the threads, or by applying pipe dope.

6.3.9 Problems in Sampling Liquids

Conditions can occur that complicate the sampling opera-
tion, including (a) the separator temperature can be lower
than ambient sampling temperature outside the separator, (b)
the ail can contain carbon dioxide and/or hydrogen sulfide, or
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(c) the reservoir oil can contain significant concentrations of
paraffins (waxes) or asphaltenes.

When the separator temperature is lower than ambient, the
sample container should be cooled to a temperature below
that of the separator to ensure the collection of a sample that
is representative (and sufficient in amount). If the container
temperature is higher than the separator liquid temperature,
the sample will flash in the container, causing part of the con-
tainer volume to be filled with vapor and the amount of liquid
will be reduced. Such a circumstance can result in an insuffi-
cient volume of sample. Care must be taken to avoid loss of
the flashed vapors or a non-representative sample will result.
(Thisis not a problem when using the evacuated container or
the piston-type container methods).

If the separator oil temperature is between 35°F and 0°F
(2 and —18°Célsius), the sample container can be cooled
below separator temperature by immersion in a mixture of
concentrated brine and crushed ice. Temperatures as low as
0°F (—18°C) can be attained. The temperature of the brine
should be checked with a dependable thermometer to know
that its temperature is below separator oil temperature.

Hydrogen sulfide and carbon dioxide can react with the
container walls in the presence of water in the same manner
as described for gas samples. Thus, sample containersfor lig-
uids (and gases as well) should be constructed of corrosion-
resistant metal such as the non-magnetic 300-series stainless
steels (e.g., 316ss), inconel, monel, MP35N or titanium alloy.

Note: If titanium is used, be sure that cadmium plated tools or mer-
cury do not come in contact with the titanium.

Reservoir oils containing components that can precipitate
as asolid phase are particularly difficult to sample accurately.
Paraffinic and asphaltenic oils may form depositsin the reser-
voair, in the wellbore and/or in the separator. In generd, the
paraffins tend to precipitate upon cooling and upon loss of
solution gas (e.g., due to pressure drop in the reservoir, well-
bore or separator). Asphaltenes generally, but not always,
tend to precipitate upon cooling and on contact with lighter
hydrocarbon fluids. Further, they may deposit in the reservoir
on pressure reduction, even in an undersaturated oil. From a
sampling standpoint, precautions to prevent loss of these
components from the oil include minimizing pressure and
temperature drops in the reservoir, wellbore, separator and in
the lines to the sample container. Piston-type subsurface sam-
plers are now available with a special high-pressure nitrogen
“hydraulic fluid” so as to maintain high-pressure on the fluid
sample until it isreceived in the laboratory. Sampling of these
types of oilsisdifficult, and the advice of experienced person-
nel should be sought if precipitation is anticipated.

6.3.10 Sampling Dry-gas Wells

On occasion, a reservoir gas will be so dry that no hydro-
carbon liquid will condense at the lower temperature of the
wellhead. When such is the case, the reservoir fluid sample
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can be taken ssimply by sampling at the wellhead using one of
the techniques previously described for taking a gas sample.
The potential danger in thistype of sampling isthat it is often
difficult to know prior to alaboratory study that the sampleis
definitely dry. Also, sampling equipment must be compatible
with wellhead pressure and should be thoroughly clean and
dry because even tiny quantities of liquid could lead to erro-
neous property measurement.

6.3.11 Sampling Highly Undersaturated Liquid-
phase Reservoirs

Sometimes the reservoir pressure is so much higher than
the saturation pressure of the reservoir fluid that even at the
wellhead the pressure will still be high enough to prevent any
gas from coming out of solution. In this case, the tubing is
completely filled with unaltered reservoir oil, and a sample
can be obtained at the wellhead using one of the techniques
for taking separator oil samples. Again, the danger in thistype
of sampling is that it is difficult to know prior to laboratory
study if the sample is undersaturated. Asin 6.3.10, sampling
equipment must be compatible with wellhead pressure.

6.3.12 Pressure and Temperature Surveys

After the separator samples are collected, the well may be
shut-in and wellbore pressure and temperature surveys made.
A pressure-buildup test can be run to determine reservoir
pressure. These surveys may, however, be omitted if recent
and accurate measurements are available and if the amount of
production from the well since the last survey has been so
small that the reservoir pressure has not changed appreciably.
The techniques for making these surveys were described in
6.2.21and 6.2.2.2.

7 Forms for Recording Well Conditioning
and Sampling Data

The results of the laboratory examination of the samples
will have maximum value if al pertinent data taken during
the sampling effort are available to the laboratory personnel.
These data aid laboratory personnel in conducting their
examination and aid the engineers in interpreting more fully
the laboratory results.

These forms (seq Tables 1 beginning on page 39) can
be used to record the pertinent data on the well which was
sampled, to reflect the conditions of flow during well condi-
tioning, and to describe the method and conditions of produc-
tion processing used while conducting the sampling
operation. Use of these forms will promote the collection and
recording of pertinent data. Copies of the dataformsfilled out
during the sampling operation, should accompany the sam-
plesto the laboratory.
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8 Shipping and Cleaning Containers
8.1 SHIPPING RESERVOIR FLUID SAMPLES

Shipping considerations should be part of any fluid sam-
pling program. Failure to comply with domestic and/or inter-
national regulations can have dignificant negative
consequences, including holdup and/or confiscation of sam-
ples, monetary fines and other legal actions, as well as human
injuries. In some cases, an individua can be held liable, even
when representing a corporation.

Due in part to world-wide emphasis on environmental
awareness, legal shipment of reservoir fluid samples has
become increasingly complicated in recent years. Most, if not
all, reservoir fluids are categorized as hazardous materials for
shipping purposes. The construction and transportation of
sample containers within the United States are provided in
the Department of Transportation (DOT) Title 49 Code of
Federal Regulations (CFR) Part 173 (49 CFR 173), and are
regulated by the DOT, the U.S. Coast Guard, and the Federal
Aviation Administration. The entire document package is
Title 49 Code of Federal Regulations Parts 1 — End. To obtain
the Code, contact the Superintendent of Documents, U. S.
Government Printing Office, Washington, D.C. 20402 (tele-
phone: (202) 783-3238).

Compliance with DOT regulations does not ensure that
regulations in foreign countries are met. In recent years, a
gradua movement has occurred toward standardization of
regulations throughout the international community. Interna-
tionally, shipments require UN specification packaging. UN
specification packaging will supersede DOT regulations
domesticaly in the next few years. However, at present, sig-
nificant differences till exist between domestic and some
international regulations. No attempt is made here to cata
logue al international regulations. However, personnel
involved in sampling must be aware that proper compliance
with all applicable domestic and international shipping regu-
lations is necessary, and this can require significant time,
effort and expense.

8.2 CLEANING SAMPLE CONTAINERS

8.2.1 Cleaning Procedures for Surface Sample
Containers

a. Carefully open the bottom valve of container and discard
fluid contentsinto an appropriate drain or receiving container.
Depressuring sample containers may produce low tempera
tures and high fluid velocities that must be considered. The
use of protective breathing equipment and goggles are recom-
mended, as appropriate.

Note: Refer to the commentsin 6.3.6 and Appendix A about the pre-
cautionsin case of HoS.

b. Check regulatory (Interstate Commerce Commission or
other regulatory body) date for pressure testing status of sam-
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ple containers. If retesting is necessary, clean and send
container to certified company for retesting. If qualified,
retest in-house by hydrostatic testing procedure.

¢. Remove valves from container. Completely disassemble
valves, clean al parts thoroughly with appropriate solvent,
and inspect all parts. Then either rebuild the used valves, or
discard the used valves and obtain new valves.

d. Connect container to a heated pressurized circulating sol-
vent system using two separate solvents. One heated (such as
trichloroethane or toluene) to flush and clean out the oil, and
another one cold (such as acetone or methanol) to clean out
any water.

Note: Some operators are reportedly using hot (190°F) water and
detergent in place of the first solvent flush.

e. (Optional) If a steam cleaner is available, it can be used
following the first solvent cleaning. Steam clean the vertically
oriented container for approximately one hour, or until clean.
Then invert the container and continue steam cleaning for
another two hours, or until clean. However, if analysis of sul-
fur compounds is anticipated with the samples to be
collected, steam cleaning shall not be used to clean stainless
steel containers.

f. Blow dry using low-pressure, dry, filtered air or dry bot-
tled nitrogen.

0. (Optional) With valves removed, visualy inspect the
inside of the container. If hard carbon deposits or rust are vis-
ible, use a glass bead blaster to restore the interior of the
container to like-new condition. Then repeat steps e and f.

h. Inspect the container threads and recondition if needed.
Install rebuilt or new valves using Teflon® tape to sedl the
threads (stretch the tape into the threads).

i. Leak test the container (with valves installed) to its work-
ing pressure with water. Then flush with acetone or methanoal,
and blow dry with dry filtered air or nitrogen.

j- (Option) Lesk test the container by injecting dry nitrogen.
Then, submerge it in water to check for leaks. Vent the nitro-
gen and dry the container surface.

k. Evacuate the container to full vacuum (depending on sam-
pling requirements).

. Install plugsin the valves. Firgt, stretch Teflon® tape onto
the plug threads and then screw the plugs into the container
valves.

m. Tag the container, and otherwise prepare it for storage or
transit
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8.2.2 Cleaning Procedures for Subsurface Sample
Containers

Check with the sampling vendor and/or tool manufacturer.
Subsurface samplers, particularly the modern piston-types
and the formation tester-types have complex mechanisms and
seals which require expert inspection and maintenance. Just
make certain that the fluid sample chambers are free of any
contaminants such as residue from previous samples, hydrau-
lic ail, and cleaning solvents. Also, check with the sampling
vendor and confirm that all seals have been replaced with new
seals and that they will withstand the expected bottomhole
temperature and pressure. Also, the seal materials must be
able to withstand contact with the reservair fluid (e.g., a
highly aromatic condensate).

9 Safety

Precaution should be taken to ensure that safe practices are
employed. All applicable Occupational Safety and Health
Administration (OSHA) regulations should be consulted.

The sample containers, sampling rig, and connecting tub-
ing must be capable of safely withstanding the pressure
imposed on them during sampling operations. If not, the
method must be modified to prevent over-pressuring the
equipment. Surface sampling equipment should be designed
with a safety factor of four (burst pressure rating of equip-
ment > 4 times separator pressure). Copper tubing and fittings
can be hazardous. Copper plumbing should be used with cau-
tion and inspected frequently for bad connections, flattening,
and kinks. Systems with pressures over 1000 psig or gas con-
taining hydrogen sulfide (H»S) should be plumbed with stain-
less stedl tubing.

During sampling, sample transferring, and especially during
purging, a total commitment to safety precautions is manda:
tory. Smoking, open flames, vehicles with engines running, and
use of matches, in the area are not permitted. All eectrical
devices must be of explosion proof design. Caution must be
exercised when purging and sampling to prevent forming a
hazardous atmosphere. The use of protective breathing equip-
ment and gogglesis recommended, as appropriate. Specid pre-
cautions should betaken if HoSis present (see Appendix A).

Cylinders shall be protected from damage and checked for
leaks prior to plugging. Over tightening valves with wrenches
is unsafe. Hand tightening of valves is sufficient. Repair,
replace, and test valves before use (see 8.2.1). Depressuring
sample containers may produce low temperatures and high
fluid vel ocities that must be considered.
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Table 1—Reservoir and Well Information

Operator Lease and Well No.

Location, Field, County, State, Country

Sampling Date

Reservoir Information

Original Reservoir Pressure (psig) at (ft subsea)  Date

Original Reservoir Temperature (°F) at (ft subsea)

Original Gas-oil Ratio (cu ft/bbl)

Field Base Conditions (psia) (°F)

Source of this Reservoir Information

WEell Information

Producing Formation Name Completion Interval (ft)

Reference point for all depth measurements

Elevation . (ft) CasingSet ____ (ft) TubingSet——(ft) TubingDiameter______ (in.)

Completion Date Initial Production (B/D)

Cumulative Oil Production from Well (bhl) Date

Cumulative Water Production from Well (bbl) Date

Cumulative Gas Production from Well (MMcf) Date

WEell Information

Date Shut-in Depth Pressure Temperature Tank Oil Rate
(hours) (ft) (psig) (°F) (B/D)

Orig. Shut-in Bottomhole Conditions

Current Shut-in Bottomhole Conditions

Current Flowing Conditions
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Table 2—Gas Metering Inspections and Volume Calculations

Operator Lease and Well No.

Field, County, State, Country

Sampling Data

Meter Run Inspection
Meter Run: Proper Design (AGA) (Yes)  (No)___ Thermometer Well (Yes)_  (No)__
Constant Back-pressure Control (Yes)___ (No)___
Meter Tap Connections: Flange Pipe

Meter Inspection
Bourdon Tube: Rating — (psi) Dateof Last Pressure Calibration— Differential Manometer: Range— (in.)
Date of Last Differential Calibration Does meter now zero properly?

Test Number
Date
Time

Separation Stages st 2nd 1st 2nd st 2nd st  2nd st 2nd

Separator Pressure (psig)
Separator Temperature (°F) - - -
Meter Run ID (in.) [
Orifice Diameter (in.) R — - R - I
Average Static Pressure (psig)
Average Differentia (in. of water)
Average Flowing Temperature (°F) -
Measured Gas Gravity (Air = 1.00) -
Assumed Gas Gravity (Air = 1.00)
Average Atmospheric Temperature (°F)
Barometric Pressure (psia)

Factors Used in Computing Coefficient C (AGA Report No. 3)
C= Fbx prxFlbngxFlfx Fr xY x Fp\,x Fm

Fp, (Basic Orifice Factor)
Fob  (Pressure Base Factor)
Fy,  (Temperature Base Factor) -
Fy (Gas Gravity Factor) - - -
Fy¢  (Flowing Temperature Factor) - - -
F,  (Reynolds Number Factor)
Y  (Expansion Factor) -
Fov  (Supercompressibility Factor)
Fm  (Manometer Factor) -
C
Gas Volume

Q=C (Static Press.) x (Differential)
(psia) (in. of water)

Daily Gas Volume (Mcf/D)

(1%400 Qb)

Remarks (Note deficiencies in the metering installation):

Data taken by Data prepared by
Note: Attach meter charts (or copies) or explain why they cannot be attached.
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Table 3—Gas and Oil Volume Data for Well Conditioning Period

Operator Lease and Well No.
Field, County, State, Country.
Sampling Date
Stock Tank No. Tank Strapping (bbl/in.)
Volume of Calibrated Section of Separator (bbl)
Separator Liquid Metering (if used)
Name and Type of Meter Is water measured separately? How?
Temperature Compensated Meter: Yes No Date of Most Recent Meter Proving— Meter Factor
Wellhead Condition Production in First-stage Separator
[ b Separation Fill Rate Metered Rate Water
Pressure Oil Plus Water Oil Plus Water —
Choke T 1T 1 1 Measured
Size  Tubing Casing Temp. (Min or Metered QOil

Date  Time  (in)  (psig) (psig) (°F) andSec) (bbl) (B/D)® Reading (bbl) (B/D)® (bbl) (B/D)® (B/D)2

Qil and Water Production in Stock Tank or Through Meter

Volume in Tank

Qil or Meter VVolume Water

Temperature  Gravity Gage Reading Water Gage in Tank Oil Volume Oil Water

Date Time (°F) (API) (ft) (in) (bbl) (ft) (in.) (bbl) (bbl @ 60°F) (B/D)2 (B/D)2
Gas Production Gas-oil Ratios

Mgt Stage Separator Gas 2nd Stage ‘
Separator Gas Production (from(Table 2)| (cu ft per Gas Total Gas
{ ! bbl 1st stage (cu ft bbl (cu ft/bbl (cu ft/bbl

1st Stage 2nd Stage Total oil at separator tank oil tank oil tank oil

Date Time (Mcf/D)P (Mcf/D) (Mcf/D)P temperature) at 60°F) at 60°F) at 60°F)

aB/D indicates barrel per day.
b Mcf/D is Mcf per day measured at psia, °F.
Note: This form isintended for use with almost any liquid measuring system.

Therefore, the system of measurement employed determines which columns are used.

Data taken by Data prepared by
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Table 4—Subsurface Wellbore Pressure and Temperature Survey

Operator

Lease and Well No.

Field, County, State, Country.

Presssure Survey

Date
Pressure before Survey: Tubing (psig)
Casing (psig)
Depth Pressure AP A Depth
Time (ft) (psig) (psig)  (ft)

Reference point for all depth measurements

Pressure
Gradient

(psi/ft)

Sampling Data
Temperature Survey

Date

Bottomhole (°F)

Depth (ft)

Temperature
Depth  Temperature A Temp A Depth  Gradient
Time (ft) (°F (°F (ft) (°F/ft)

Tests by

Data prepared by.
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Table 5—Field Determination of Bubble-point Pressure of Subsurface Sample

Lease and Well No.

Operator
Field, County, State, and Country
Sampling Date
Container
Pressure, Pump
psig Reading Tempz’elgature

Pump Reading

COPYRIGHT 2003; American Petroleum Institute
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Table 6—Sample Data

Operator Lease and Well No.

Field, County, State, Country

(Complete this section when SURFACE SAMPLING method is used)

Separator Pressure (psig) Separator Temperature (°F)

Sample-container Data
Liquid Gas

Container No.
Date
Time
Atmospheric Temperature (°F)
Drier used
Yes
No

How was outage taken in liquid samples?

Gas-sampling method

Liquid-sampling method

(Complete this section when SUBSURFACE SAMPLING method is used)
Sampling Data
Sample No. 1 Sample No. 2
Container No.
Date Well Sampled
Time Well Sampled
Well Shut-in Time (hours)
Gas-oil Contact (ft)
Qil-water Contact (ft)
Sampling Depth (ft)
Sampling Depth Pressure (psig)
Tubing Pressure (psig)
Casing Pressure (psig)
Sampler Pressure after Valve Opening (psig)
Sample Transfer Temperature (°F)
Sample Transfer Pressure (psig)
Sample Shipping Pressure (psig)
Outage Taken in Sample Container (cc)
Container VVolume (cc)

Remarks:

Sampled by Data prepared by
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Table 7—Surface Sample Data (Alternate Form)
Operator: Lease & Well No.:
Location: Field:
Generdl County: State:
Information Country:
Sampling Company: Sampling Date:
Sampled By: Test No.:
Producing Zone: Top: Bottom:
Reservoir | Initial Reservoir Initial Reservoir At (Depth Unit):
Information | Pressure (Unit): Temperature (Unit):
Initial Oil Production: Date: Choke:
Initial Gas Production: FWP: WHFP:
Oil Sample Associated Gas | Associated Gas
SampleNo. 1 | SampleNo. 2
Container No. Container No.
Container Type Container Type
Container Container Volume Container Volume
& Sampling Pressure & Pressure &
Information Temperature Rating Temperature Rating
Sampling Method Sampling Method
Sampling Point Sampling Point
Choke Size
Sep. Press
Sep. Temp.
Flowing Time
Oil Meter Type Gas Meter Type
Sample Separator Oil Gas Flow Rate @
Information Flow Rate Std. Cond.
Qil Gravity Gas Gravity
GasZ
Well Flowing Fob
& Sep_a_rator Foo
Conditions Fy=ING
Fi
F
Y
Fov
BHP Fm 1.00 1.00
BHT C=
@ Depth Gas Flow Rate @
Separator Conditions
Start Sampling
Sample Finish Sampling
Information Container Temp.
Ambient Temp.
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Table 8—Subsurface Sampling Data (Alternate Form)

Operator: Lease & Well No.:
Location: Field:
General County: State:
Information Sampling Company: Sampling Date:
Sampled by: Test No.:
All Depths Elevation: Open Hole
Well Referenced to: Cased Hole
Information [Casing Size: Tubing Size: Completion Date;
Casing Shoe: Tubing Shoe:
Producing Zone: Top: Bottom:
Initial Reservoir Initial Reservoir At (Depth Unit):
Reservoir | Pressure (Unit): Temperature:
Information  [nitial Oil Production: Date: Choke:
Initial Gas Production: FWP: WHFP:
Sample No. 1 Remarks
Container No.
) Container Type
Cortiainer Container Volume
ﬁ:f Srz:rnnapt)l ern Maximum
ormatio Pressure &
Temperature Rating
Sampler Type
Sampling Time
Choke Size
) Oil Flow Rate
Samp"'?g . Gas Flow Rate
Information Well Flowing Flowing Time
or —
Shut-in Shut-in Time
Condition BHP
BHT
@ Depth
Opening Pressure
Sample Temperature
Sample Surface Bubble-point Pressure
Checkz & Transfer Transfer Method
Transfer Pressure
Transferred Volume
Gas Cap Volume
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Table 9—Open Hole Sampling Data (Alternate Form)

Operator: Lease & Well No.:
Location: Field:
County: State:
Generd. Country:
Information - -
Sampling Company: Sampling Date:
Sampled By:
All Depths Referenced to: Elevation:
Casing Size: Bit Size:
Casing Shoe:
Drilling Fluid Type:
Wl Density: Rm @BHT:
Information Viscosity: Rt @BHT:
Fluid Loss: Source of Ry
pH:
Time Circulation:
Stopped:
Sampling Depth:
_ TVD:
Reservoir Initial Reservoir
Information Pressure (Unit):
Drawdown Mobility:
Date:
SampleNo. 1: Remarks
Container No.
Container Container Type
& Sampler Information Cont_a| ner Volume
Maximum Pressure
& Temperature Rating:
Tool Type
Sampling Time
Form of Disposing
Unwanted Fluid
Estimated VVolume
) Disposed
Sampler Preparation  Eqimated Dead Volume
Samplir_1g & Fluid Identl_flcatlon Dead Volume Fiuid
Informetion Information Displaced Fitid Type
Sampling Pressure
Sampling Temperature
Sampled Fluid Resistivity
Fluid Identification Record
Opening Pressure
Sampling Temp.
Bubble-point Pressure
SampleSurface o ofer Method
Checks & Transfer
Transfer Pressure
Transferred Volume
Gas Cap Volume

COPYRIGHT 2003; American Petroleum Institute

Document provided by IHS Licensee=Aramco HQ/9980755100, User=, 03/29/2003
02:51:24 MST Questions or comments about this message: please call the Document

Policy Management Group at 1-800-451-1584.



COPYRIGHT 2003; American Petroleum Institute Document provided by IHS Licensee=Aramco HQ/9980755100, User=, 03/29/2003
02:51:24 MST Questions or comments about this message: please call the Document
Policy Management Group at 1-800-451-1584.



APPENDIX A—HYDROGEN SULFIDE WARNING

Inhalation of hydrogen sulfide (H»S) at certain concentra
tions can lead to injury or death. H,S is an extremely toxic,
flammable gas which may be encountered in the production
and processing of gas well gas, high-sulfur-content crude ail,
crude oil fractions, associated gas, and associated waters. Since
HoSisheavier than air, it can collect in low placesin ill air. It
is colorless and has a foul, rotten-egg odor. In low concentra:
tions, it is detectable by its characteristic odor. Smell cannot be
relied upon to forewarn of dangerous concentrations, however,
because exposure to high concentrations of the gas (greater
than 100 parts per million [ppm]) rapidly parayzesthe sense of
smell. A longer exposure to lower concentrations has a similar
desensitizing effect on the sense of smell.

Excessive exposure to hydrogen sulfide causes death by

poisoning the respiratory system at the cellular level. Thereis
some indication that the presence of acohol in the blood
aggravates the effects of HoS in acute poisoning cases. At low
concentrations (10 ppm — 50 ppm), H,S is irritating to the
eyes and respiratory tract. Closely repeated, short-term expo-
sures at low concentrations may lead to irritation of the eyes,
nose, and throat. Symptoms from repeated exposures to low
concentrations usually disappear after not being exposed for
an appropriate period of time. Repeated exposures to low
concentrations that do not produce effects initially can even-
tually lead to irritation if the exposures are frequent.

The sense of smell may be rendered ineffective by hydro-
gen sulfide, which can result in an individual failing to recog-
nize the presence of dangerously high concentrations.
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There’s more where this
came from.

The American Petroleum Institute provides additional resources and programs
to the oil and natural gas industry which are based on API® Standards. For
more information, contact:

e API Monogram® Licensing Program Phone: 202-962-4791
Fax: 202-682-8070

* American Petroleum Institute Quality Registrar ~ Phone: 202-962-4791
(APIQR®) Fax: 202-682-8070

* API Spec Q1° Registration Phone: 202-962-4791
Fax: 202-682-8070

» API Perforator Design Registration Phone: 202-962-4791
Fax: 202-682-8070

* API Training Provider Certification Program Phone: 202-682-8490
Fax: 202-682-8070

* Inspector Certification Programs Phone: 202—682—8161
Fax: 202-962-4739

* Engine QOil Licensing and Certification System Phone: 202-682-8233
(EOLCS) Fax: 202-962-4739

e Training/Workshops Phone: 202-682-8490
Fax: 202-682-8070

Check out the API Publications, Programs, and Services Catalog online at
www.api.org.

American Petroleum Institute Helping You Get The Job Done Right®
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Additional copies are available through Global Engineering
Documents at (800) 854-7179 or (303) 397-7956

Information about API Publications, Programs and Services is
available on the World Wide Web at: http://www.api.org

American 1220 L Street, Northwest
I ) Petroleum  Washington, D.C. 20005-4070
Institute 202-682-8000 Product No. G44002
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