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FOREWORD

The U.S. Environmental Protection Agency was created
because of increasing public and government concern about the
dangers of pollution to the health and welfare of the American
people. Noxious air, foul water, and spoiled land are tragic
testimonies to the deterioration of our natural environment.
The complexity of that environment and the interplay of its
components require a concentrated and integrated attack on the
problem.

Research and development is that necessary first step in
problem solution; it involves defining the problem, measuring
its impact, and searching for solutions. The Municipal Environ-
mental Research Laboratory develops new and improved technology
and systems to prevent, treat, and manage wastewater and solid
and hazardous waste pollutant discharges from municipal and
community sources, to preserve and treat public drinking water
supplies, and to minimize the adverse economic, social, health
and aesthetic effects of pollution. This publication is one of
the products of that research and provides a most vital commun-
ications link between the researcher and the user community.

This report develops a groundwater monitoring program
for the early detection of any environmental problem that may
result from enhanced 0il and gas recovery operations. The
program is readily adaptable for use at specific sites. :
The report will be of interest to all those interested in the
potential environmental impacts that may be associated with
tertiary oil and gas production. Further information may be
obtained through the 0il and Hazardous Materials Spills
Branch, Edison, New Jersey 08837.

Francis T. Mayo, Director

‘Municipal Environmental Research
Laboratory
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ABSTRACT

This report develops a four-stage monitoring program to
detect groundwater contamination events that may potentially
result from enhanced oil recovery (EOR) projects. The
monitoring system design is based on a statistical analysis
evolving from a series of equations that model subsurface
transport of EOR spills. Results of the design include both
spatial and frequency monitoring intervals that depend on
properties of the local geology and dispersion characteris-
tics of the potential contaminants. Sample results are
provided for typical reservoir characteristics.

Selection of measures to be sampled is based on a review
of the identity of likely contaminants, on the available
sample and analysis procedures, and on the cost and time
constraints on analysis. Nonspecific indicator measures are
identified that can be used to flag those intervals requiring
more intensive and specific monitoring. :

The number of independent variables in the analysis
dictate that EOR monitoring systems be designed on a site-
specific basis. Sampling designs can be easily formulated to
conform to the peculiarities of chosen EOR sites based on data
already available from federal and state geological surveys and
from 0il company statistics.

This report is submitted by Energy Resources Company
Inc. in fulfillment of Subcontract No. N8520023SP with
Rockwell International under Contract No. 68-03-2648 with
the U.S. Environmental Protection Agency. Work began.in
September 1979 and was completed August 1980. The draft
report was completed in November 1980. The Rockwell Project
Officer was Walter Unterberg.
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SECTION 1

INTRODUCTION

THE NEED FOR MONITORING PROGRAMSI

Various recent studies of the environmental aspects of
enhanced 0il recovery (Donaldson, 1978; United States De-
partment of Energy, 1978; and Beck et al., 1980, for example)
have identified contamination of freshwater in aquifers as a
potential consequence of extensive enhanced oil recovery
(EOR) activities.. The DOE has ranked micellar polymer
flooding as having the potential for significant environmen-
tal constraints (United States Department of Energy, Office
of the Assistant Secretary for Environmental Protection,
Safety and Emergency Preparedness, 1980). Many potential
routes exist for groundwater pollution. No firm evidence is
available that such pollution does or will occur, nor is
there a complete understanding of the pollutant mechanism.

Relatively few data have been collected from the
aquifers that may be contaminated from currently active
enhanced recovery programs. Many of the enhanced recovery
projects are experimental in nature, and all available
resources were devoted to assembly of engineering perfor-
mance data. Many of the early EOR projects took place in
sparsely populated areas where no convenient water wells
useful for the sampling of aquifer .quality existed. Uncer-
tainties as to whether groundwater contamination does in
fact take place will persist until adequate data sets become
available for study, or until a major pollutant ewvent occurs
that is readily detected by the public. For assembled data
to be useful for pollutant detection and analysis, data
must be collected consistently and according to statistically
valid sampling procedures.

The various organizations responsible for environmental
data collection (oilfield operators, U.S. EPA, USGS, U.S.
DOE, state resource agencies and local resource agencies)
have different monitoring objectives. Thus, each group's

lror meaning of abbreviations and acronyms in this and
subsequent sections, refer to listing on p. ix.
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monitoring program design will be different although some
elements will be in common.

A monitoring system is needed for use by research and
policy groups such as the U.S. EPA, U.S. DOE and API. They
will require nationwide data sets that can be used to detect
long-term trends, to identify regional problems, and to
determine how much attention should be paid to potential
hazards to groundwaters from EOR activities. Any analysis
that is to be applied to large data sets will require consis-
tent data. If each station selects an entirely new set of
variables to sample, intervals of sampling, and sampling
procedures, then the statistical problems involved with using
the entire national data set will be large.

The lack of sets of data collected over a long period of
time to serve as a baseline is probably the most significant
constraint as regards groundwater sampling, since chemicals
can be expected to move only a few feet per year in most
subsurface environments.

Additionally, the groundwater problem is so broad
in scope that a generalized sampling plan at an affordable
level of effort will be unlikely to yield useful results.

With these problems and provisos in mind, there is
needed a set of procedures that will accomplish routine
monitoring in an efficient fashion.

BACKGROUND

Information is available from various environmental
monitoring programs developed over the last 15 years. For
example, the USGS has developed the NASQAN water-quality
monitoring network and the EPA has developed the NWQSS
network. The USGS has maintained a computer file of ground-
water quality data for over more than 10 years.l The states
of California, Texas, Kansas, Oklahoma, and Illinois (among
others) maintain records of oilfield connate waters, brines,

lcontact the USGS National Water Data Exchange, Reston,
Virginia, for further information.

2p11 unpublished data available from the state agencies
(California Division of 0il and Gas, California Department
of Water Resources, Texas Railroad Commission, Kansas,
Oklahoma, and Illinois Geological Surveys) and some data
available on tape from the U.S. DOE, Bartlesville Energy
Research Center.



and adjoining aquifiers.2 EPA is developing monitoring
programs regarding Underground Injection Control regulations.

Each of these existing monitoring or data repository
systems is an important element in the design of a monitoring
program for enhanced recovery operations. 1In addition, hier-
archical chemical analysis schemes have been developed to deal
with the reguirements of RCRA, the Safe Drinking Water Act, and
TSCA. Finally, the EPA Las Vegas Laboratory has developed a
series of comprehensive documents regarding monitoring to
detect groundwater pollution from oil-shale projects (Todd et
al., 1976; Slawson, 1979; Slawson and McMillian, 1979; Pimental
et al., 1979). )

The statistical and sampling theory bases for developing
groundwater monitoring program all exist for other applica-
tions. Modeling work includes Bender et al. (1977), Gray
and Pinder (1976), Peaceman (1977), and Aris (1978). A
variety of monitoring program designs for other applications
were developed by Gunnerson (1966), Matalas (1967), Letten-
maier (1975), Montgomery (1974), and Beck and Pierrehumbert
(1976).

OBJECTIVES OF THIS STUDY

This study aims at meeting the data needs for the
identification of the nature and extent of groundwater
contamination due to enhanced o0il recovery actiwvities.

The primary objective of this study is to design an
efficient EOR project groundwater monitoring program and
to develop the necessary procedures to accomplish this.
This study is to provide the groundwork for development of
standard principles to be used in monitoring EOR projects.

Monitoring guidelines are to be developed through
analysis of: (a) review of chemical use data and of toxicity
and carcinogenicity ‘studies that establish the pollutants of
concern, (b) statistical analysis of patterns of variability
to establish suitable sampling fregquency and sample well
spacing and patterns, and (c¢) review of analytical protocols
available that will yield valid results.



SECTION 2
OVERVIEW OF EOR PROCESSES

After World War II, as a result of the increasing demand
for crude o0il, attention was given to improved management of
the known o0il in place, as well as to an expansion in explora-
tion. Scientists and engineers had recognized that simple
techniques of improved oil recovery were potentially useful and
realized that new methods could play a very important role in
adding to oil reserves and reservoir productivity (American
Petroleum Institute, 196l1). Since the end of the war various
new fluid-injection methods have been researched that provide
the potential to recover large volumes of oil left in reser-
voirs after conventional recovery. Little effort, however,
has been applied to identification of environmental problems.

STEAM INJECTION

Documented cases of steam injection were reported in
the 1920's and 1930's, and apparently the technigue had been
discovered long before that. In at least one case -- in
the tight sands of the Bradford, Pennsylvania, field -- the
steam or hot water injection was initiated to improve injec-
tivity of the water rather than to increase production
(American Petroleum Institute, 1961). In other situations
the steam had been intended for paraffin removal from the
well bore. Steam injection did not significantly progress
until the 1960's, when the Shell 0il Company succeeded with a
cyclic steam soak in California (American Petroleum Institute,
1961). Since then, steam flooding has been applied success-
fully to heavy oils in a variety of California fields (Figures
1l and 2). At the present time, steam soak is a technically
proven and economically acceptable enhanced-recovery process,
and in some cases steam flooding looks promising. Large-scale
expansion of steam soak in California is currently being held
up by air-pollution concerns. Various options are under
consideration, including use of scrubbers, low-NOy burners,
fluidized-bed coal generators and solar generated steam.
Possible revision of air-pollution regulations would simplify
the problem.

There has been little concern about environmental protec-
tion until the present. Conflicts with air regqulations have

-5-
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led to air sampling, stack sampling, air-dispersion modeling,
and developmental scrubber engineering.  Re—use of produced
water for steam injection is also under study.

IN SITU COMBUSTION

Air and water injection were common in the earlier part
of the 1900's. The purpose of air injection at that time was
to "push" the o0il toward the producing well. Yet the Oy
content of the resulting air samples indicated that subter-
ranean combustion had been at least partially responsible
for the "air-injection" that increased production.

In situ combustion was probably unknowingly conducted
in the early 1900's before it was recognized as such. Some
of the earliest work in in situ-combustion EOR occurred in
Russia in 1935, in shallow, high~-permeability, high-porosity
sands. The oil-laden sand was ignited by glowing charcoal
(American Petroleum Institute, 1961). This work was per- -
formed in a pressure~depleted reservoir with 36 API gravity
crude. The recovery was small, but significant. The most
significant present work in the United States is in Califor-
nia, by Getty and Citgo (Beck et al., 1980). Figures 3 and
4 depict the process. Environmental studies have not been
performed.

IMPROVED WATERFLOODI

Simple waterflooding had its beginning over a century
ago, in the Bradford field of western Pennsylvania, when an
insufficient packer? allowed leakage of shallow groundwater
into a well's o0il column. While the production of the immediate
well was curtailed, there was a marked increase in oil produc-
tion at the surrounding wells.

Early operators built on this experience and developed
"circle floods" whereby they would waterflood their field
incrementally by turning central producing wells into water
injectors and, as oil production continued, they would, in an
expanding circle, convert the closest watered-out producers to
water injectors.

For many years waterflooding was practiced illegally in
Pennsylvania; not until 1921 was the practice legalized
there. Other early waterflooding projects took place at

lsummarized from Schumacher, 1978.
2packer - the outer supporting structure of a well.
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California's Kern River field and in Ontario (Interstate 0Oil
Compact Commission, 1974), but many believed the water would
contaminate or dilute the o0il. Legislative constraints
diminished in the 1940's, however, and the practice spread to
fields across the country.

Improved waterfloods or polymer—augmented waterfloods
were developed in order to increase recovery efficiency of
the flood. The improvement in oil-displacement efficiency
over and above straight waterflooding is minimal, but the
polymer thickens the injected water and greatly improves the
sweep conformance,3 causing the waterflood to affect a larger
fluid mobilities, and particularly to the fluid mobility
ratio of oil to water on injection and production in
flood patterns. The results suggested increasing waterflood's
sweep efficiencies by increasing the viscosity of the
injected water (Chang, 1978). Then in 1564 water-soluble
polymers were suggested as the preinjection thickening to
reduce water mobility. Numerous laboratory and field
studies have been done since that time to further refine the
process. Improved waterfloods were field-tested in the
1960's.

The injected chemicals are of potential enviromental
concern. Historical data on polymers used in this process
exist from their use as flocculating agents in water-treatment
processes. Flocculating agents have been screened for health
hazards on a regular basis by the chemical manufacturers
that supply them; there is no formal EPA review process,
however, nor have any detailed EPA studies been performed to
evaluate use of flocculants.

MICELLAR/POLYMER FLOODING4

_ Micellar/polymer flooding involves the use of a surfac-
tant/water injection followed by polymer/water injection.

31n summary, sweep conformance means flooding the
entire volume of the oil-bearing zone. See petroleum
engineering texts, for example, the Society of Petroleum
Engineers monograph series, for a detailed explanation of
this.

4Gogarty (1975) reviews the development of surfactant
or micellar/polymer flooding in his paper on the "Status
of Surfactant or Micellar Methods."

5Sweep Efficiency is the percentage of recoverable
0il that is produced at time of water breakthrough in the
production well.
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These "slugs" of fluid act to improve the displacement effi-
ciency and sweep efficiency over a conventional waterflood.
Polymer injection adds conformity to and enhances sweep effi-
ciency5 of the surfactant slug, which acts to minimize fluid-oil
interfacial tension® (see Figure 5). Surfactant flooding was
initiated in the late 1920's and the 1930's, using polycyclic
sulfonic substances and wood sulfite liquor. As the technigue
progressed, a variety of chemical substances were considered

for use.as long as they achieved the desired results of reduced
interfacial tension between oil and flooding fluid and preven-
tion of excessive adsorption of the surfactants in the reservoir.
A range of surfactant-solvent compounds are still used in
micellar/polymer flooding today, and as a result it is difficult
to analyze the pollution effects from the surfactant slug.

Additional laboratory studies and refinement of the
chemical-flooding theories gave rise to the so-called low-
tension flooding process, whereby large volume (30 percent of
the pore volume), low-surfactant-concentration (<2 percent)
floods are used. In 1959 and 1961 this process was further
refined by patents teaching injection of surfactant in low-
viscosity hydrocarbon sclvent (Holm and Bernard) and other
hydrocarbon solutions for specific reservoir conditionms.

The processes using petroleum—-based sulfonate slugs became
known as soluble-o0il flooding processes.

Microemulsions? for use in oil recovery were first
patented as part of a well-stimulation process to remove
obstructing waxy solids. Twenty years later, what would become
the well-known "Maraflood" enhanced-recovery process, licensed
.by Marathon 0il Company, was introduced by Gogarty and Olsen.
This process differed from the low-tension flocods because a
small fraction of the pore volume and a relatively high sur-
factant concentration (>5 percent) were used.

Several types of surfactant flooding have been
developed, but generally they are of two types. 1In the
first, large volumes (15 to 60+ percent pore volume) and low
concentrations of surfactant dissolved in o0il or water are
injected. The second type involves a relatively small
volume (3 to 20 percent pore volume) of highly concentrated
surfactant.

6Interfacial tension is an instability between two
llqulds along their interface caused by dissimilarities
in molecular compositions.

"Microemulsions: surfactant- stablllzed dispersion of
water and hydrocarbons. The aggregates of surfactants and
hydrocarbons (micelles) are in the general size range of 10-6
to 10~4 mm.

-12-
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The slug that is used in micellar/polymer floodings
can have a variety of components that make assessment of its
environmental hazards difficult at best. Often the exact
composition of additives used is not known, since crude
extracts of a roughly determined nature may be added. The
basic composition of a micellar slug is hydrocarbon, surfactant,
and/or water, and often added to these are a cosurfactant
(usually alcohol) and electrolytes (inorganic salts).

ALKALINE FLOODING

The history of alkaline flooding is most likely directly
aligned with that of waterflooding. After waterflooding was
recognized as an effective recovery mechanism, the addition of
various alkaline chemicals was considered as an option for
recovery of further fractions of the remaining oil in
suitable reservoirs. The alkaline chemicals, such as, sodium
hydroxide and potassium hydrate, were added to the drive
water to enhance recovery by improving formation wettability
and oil emulsification and by reducing interfacial tension
(U.S. Deparatment of Energy, 1978).

Regarding environmental protection, the only relevant
work has been a recent environmental assessment (O'Banion,
1978b). '

CO,-MISCIBLE FLOODING

Out of the search for the development of more efficient
recovery technologies, the concept of miscible-fluid flooding
~-developed, and many petroleum scientists were intrigued by
the idea of miscible-fluid displacement (Interstate Oil
Compact Commission, 1974). Although the concept of miscible-
fluid displacement was proposed in 1972, the idea was not
tested in field applications until the late 1950's (Schu-
macher, 1978).

The use of CO9 as a miscible-flooding agent evolved
because it was known to be one of the few low-cost fluids
that could be miscible with both 0il and water if the right
physical conditions were maintained (Schumacher, 1978). A
carbonated waterflood using this concept was initiated in the
Bartlesville sand formation, Oklahoma, in 1961. From 8 to 10
pounds of COy were added to each barrel of injected water.
However, this application had very disappointing recovery
effects, apparently due to formation fractures and peripheral
stratifications that diverted the mainstream of the fluid
(Interstate 0Oil Compact Commission, 1974). Though laboratory
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tests showed the CO5 process to be promising and very
efficient, in field applications the miscible slug of solvent
apparently becomes enriched with oil as it passes through the
reservoir, and loses a large part of its scavenging ability
(Interstate Oil Compact Commission, 1974).
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SECTION 3

GROUNDWATER CONTAMINATION PATHWAYS

Enhanced recovery can result in contamination of aqui-
fers by a variety of pathways that fall into three general
categories: 1) downward leaching from surface disposal,

2) communication to aquifers via improperly sealed or cased
wells, and 3) communication to aquifers through fractures or
cracks in previously impermeable formations. Such fractures
may be opened up by changed resetvoir pressures accompanying
enhanced oil-recovery technigues and subsequent reinjection
or by gas fracturing. Figure 6 depicts the major routes

of contamination.

Evaluation of existing information can provide only
tentative conclusions regarding groundwater degradation.
Significant risks to groundwater gquality are apparent. Some of
the chemicals employed in enhanced recovery may be toxic or
carcinogenic. Little is known about the degradation products
of these chemicals, which may be more or less toxic than the
parent chemicals. Brines, which are produced in a ratio with
oil as high as 20:1 in current enhanced-recovery operations,
have the potential to contaminate freshwater aguifers by
reinjection or disposal. Brines also contain heavy metals
that may migrate from the disposal site. Some of the pathways
depicted in Figure 6 are known to exist as a result of
pollutant events that have already occurred. Others only
represent possible pathways. The volumes and concentrations of
chemicals used are significant enough to warrant further
investigation of the toxicities of the chemicals and of the
pollutant pathways.

All enhanced-recovery technologies involve potential
groundwater concerns. Those technologies that require injec-
tion of chemicals into the reservoir or fracturing of forma-
tions hold the most potential for contamination. 1In situ
combustion is also of particular concern, because of the
range of chemicals that are formed during the subsurface
combustion process. Table 1 summarizes the types of pollu-
tant problems that may occur.

In addition to the generic concerns, there are various

environmental/institutional situations that may enhance pol-
lutant risks. These must be looked at in a site-specific
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Figure 6. Major routes of groundwater contamination associated with enhanced recovery.

-18-



or a technologywide assessment, and should be considered in
terms of their probability of occurrence. Insufficient infor-
mation is available to make reliable determinations of such
probabilities at this time. The types of situations of concern

include:

1.

EOR programs taking place in old fields in which
unmapped abandoned wells exist. These 0ld wells are
in some cases imperfectly sealed and may lead to
communication with freshwater aquifers.

EOR programs making use of o0ld fields in which old
wells are not all reworked or recapped. Cracks in
cement or casings, as a result of corrosion, age, or
both, may allow communication with freshwater aqui-
fers. Proposed underground injection regulations
would require reworking of all wells within .4 km

of all EOR activities.

Freshwater aquifers located just above or below the
producing formation. This would greatly increase the
opportunity for contamination over the more common
situation, in which aquifers are far removed from
producing layers.

EOR programs taking place in areas that have under-
gone significant subsidence. 1In such areas the
subsidence events may have resulted in fracturing or
other structural alterations allowing transport of
pollutants.

High seismic activity in the region of the project.
The producing reservoir will become a repository for
brines containing a variety of injected chemicals.
These hazardous wastes may escape the o0il formation
following seismic events.

Freshwater aquifers located below disposal ponds for

drilling muds and hydraulic fracturing fluids. 1In
these situations, leachate contamination may occur.

~19-



TABLE 1. SUMMARY OF LEVELS OF RISK ANTICIPATED FROM VARIQUS
ACTIVITIES CARRIED OUT DURING ENHANCED-RECOVERY PROGRAMS.
THESE ARE ERCO ESTIMATES BASED UPON AVAILABLE EVIDENCE.
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SECTION 4

A SIMPLE PROGRAM TO MONITOR EOR PROJECTS

This chapter presents a simple monitoring scheme that
can be implemented as part of an enhanced oil-recovery project.
The purpose of such a so-called detection monitoring program
will be to check for indications that groundwater degradation
may be occurring as a result of the EOR project. A more
sophisticated monitoring procedure may be appropriate in cases
where the project is very large or where the regional geology
has been identified as making the project particularly suscep-
tible to pollutant events. In such situations, the procedures
discussed in Sections 5 through 8 will be pertinent.

OVERVIEW

Particular monitoring activities and intensities of
sampling will be associated with different EOR technologies
and with each stage of an EOR project. Table 2 ‘depicts a
general scheme for monitoring. The scheme involves assembly
of background and baseline information during the early
stages of a project, with routine monitoring during the
course of the project and, in some cases, follow-up monitoring
for 5 years after the project is completed. For relatively
low-risk technologies such as thermal-oil recovery, less
monitoring is required.

CONCEPTUAL DESIGN OF THE MONITORING PROGRAM

Figures 7 and 8 summarize the overall concept of
EOR/EGR (Enhanced Gas Recovery) monitoring. Figure 7 gives
a step-by-step outline of the tasks to be carried out in an
environmental-monitoring program. The approach is a hier-
archical one, in which the simplest, broadest monitoring
activities are first performed and then only those analytical
tests relevant to specific environmental problems are
incorporated in the detailed and comprehensive phases of a
monitoring program. Figure 8 characterizes each of four
hierarchical stages in a monitoring program.
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TABLE 2. GENERAL SCHEME FOR MONITORING OF EOR IMPACTS ON GROUNDWATER.
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Figure 7. Monitoring Program: Water-Quality Degradation from EOR/EGR.
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REPRESENTATIVE MONITORING PROGRAMS

To show how the general scheme in Table 2 should be
applied to a particular project, two typical monitoring
programs are outlined, for a polymer flood in Table 3, and
for a steam flood in Table 4. Each element of the monitor-
ing program for the polymer-flood example is described
below.

Design of Project

During the initial design stages of a polymer-£flood
project, available data on local groundwaters are collected.
At a minimum, a cross-sectional mapping of the location of all
freshwater aquifers in relationship to the producing formation
is prepared. 1In particular, aquifers that are traversed by
injection, production, or abandoned wells are noted. Addition-
ally, all available monitoring data on the quality of these
local aquifers are assembled. Geostatistical procedures such
as "kriging” are employed to develop averages weighted by the
spatial distribution of the sample points.

Reworking of 0ilfield Wells

During the preparation stage of the polymer flood, a
map is drawn that locates all the wells that penetrate the
formation to be flooded. All wells are keyed by age, and
all plugged and otherwise abandoned wells are noted. During
the drilling of new EOR wells and reworking of old wells for
use during the project, well-log data and well pressures are
monitored to detect any communication of fluids with freshwater
aquifers that are traversed. This monitoring procedure is a
standard part of oilfield operations.

Preflush

During the preflush stage of the polymer flood, the
initial pressurization of the reservoir takes place (even
though sometimes the field has been subjected to secondary
waterflooding for several years prior to the polymer project).
A tracer is injected during the preflush to track the movement
of the injected fluids under the new pressure conditions.

The tracer is tracked in existing o0il wells and also in

water wells penetrating adjacent aquifers, to verify that no
communication is occurring with freshwater bodies. Samples of
the preflush fluids are drawn to determine their chemistry, in
case any pollutant event (such as leakage via a sealed well)
should occur.
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TABLE 3. MONITORING PROGRAM FOR A POLYMER FLOOD TO BE CONDUCTED
OVER A 20-YEAR PERIOD

Stage of Project

Monitoring Events

Design of Project

Identify all freshwater aquifers.
Collect monitoring data on
aquifer water quality; utilize
"kriging"® statistics to develop
average values. Look for
seasonal trends.

Rework QOilfield Wells

Develop maps of all old and all
sealed wells, and inventory the
condition of all old wells.
Monitor reworking procedure

to detect any communication
with aquifers.

Preflush

Conduct tracer studies to
determine dynamics of injected
fluids.

Monitor quality of preflush
fluids.

Injection of Chemical

Slugs

Conduct tracer studies to
determine dynamics of chemical
slug.

Inventory known degradation
tendencies, toxicity, carcino-
genicity of chemicals used;
identify persistent potentially
harmful components.

Productibn

Monitor for unusual levels of
indicators (Total Organic

Carbon, Methylene Blue, Active
Substances, Conductivity,
Reservoir/Welltest Pressure,
Resistivity and the Geophysical
Logs) on a weekly to monthly
basis, depending on the proximity

agee Section 8, "Selection of a Statistic" for defini-

tion of "Kriging."
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TABLE 3 (cont.)

Stage of Project

Monitoring Events

Post-production

of the aquifer to the producing
zone. Sampling sites to be
spaced at not more than 4

times well spacing if possible.

Monitor for unusual levels of

indicators on a yearly basis.

Monitor pressure for a statis-
tically selected sample of o0il
wells.

=27



TABLE 4. MONITORING PROGRAM FOR A STEAM FLOOD TO BE CONDUCTED
OVER A 20-YEAR PERIOD

Stage of Project

Monitoring Events

Design of Project

2.

Identify all freshwater aquifers
Collect monitoring data on
agquifer water quality; utilize
"kriging" statistics to develop
average values. Look for
seasonal trends.

Rework Oilfield Wells

Develop maps of all old and all
sealed wells, and inventory the
condition of all old wells.
Monitor reworking procedure

to detect any communication
with aquifers.

Steam~soak Selected
Wells

Monitor produced oil and

water phases to detect heat-
induced synthesis of hazardous
organics. :

Fieldwide Steam Soak

Monitor produced oil and

water phases to detect heat-
induced synthesis of hazardous
organics.

Post-production

None
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Injection of Chemical Slugs

During the polymer stage of a project a succession of
concentrated chemicals is injected into the formation.
Many of these, such as biocides and polymers, are subject to
fairly rapid degradation within the formation. Background
information is assembled on the known chemical and toxicolo-
gical properties of the chemicals being used, and inferences
regarding synergistic effects are developed. A tracer is
injected with the chemical slug to track its progress through
the formation.

Production

The production stage of the project involves injection
of water to force out additional o0il, utilizing the polymer
as a mobility control zone, and a piston. During this time
surrounding freshwater zones need to be monitored regularly.
Sampling wells should be spaced as closely as possible to
increase the chances of early flagging of any contamination
events. Since each sampling well will cost $1,000 to $10,000
(1980 dollars) or more to drill, a comprehensive sampling
network will not be economically justifiable until a signifi-
cant contamination event is suspected. Wells already com-
pleted to the freshwater formations will have to be used for
sampling. If possible, freshwater sampling stations should be
spaced no farther apart than four times the spacing of the
oilfield's producing wells.

Samples of produced fluids will be monitored to deter-
mine the composition of the 0il and brine phases, with par-
ticular attention paid to degradation products of the injected
chemicals and other potentially hazardous substances.

Post-production

After the polymer project is completed, regular monitor-
ing of groundwater sampling stations is continued, to check
for fluids moving out of the former producing zone (and the
disposal zone if the produced water has not been returned to
the producing zone). Well pressures at a random sample of
wells are monitored for unusual reservoir conditions or well
failures.

If Pollutant Events Are Detected

If pollutant events are detected, then additional
sampling, as outlined in Sections 5 through 8 of this report,
will be required.
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SECTION 5

IDENTIFICATION OF CHEMICALS USED IN
ENHANCED RECOVERY PROGRAMS

This section discusses the selection of parameters for
further consideration in the analytical stages of the design
of a monitoring program. The major problem at hand is to
reduce the list of chemicals to a manageable size. In elimi-
nating a chemical from the list, the cost of monitoring
must be weighed against the potential of the substance to
pose an environmental threat. Monitoring costs are usually
well known. The environmental hazards, on the other hand, are
difficult to establish. The information herein and in Section
6 provides a variety of ways of partitioning the lists to
make the selection tasks easier. There are three major
sources of working lists: 1) lists of known chemicals used
in the technologies assembled by the EPA (Braxton et al.,
1976; Beck et al., 1980); 2) lists of chemicals covered under
current regulations assembled by the DOE (Booz, Allen, and
Hamilton 1978); and 3) lists of parameters that can serve as
indicators of categories of contaminants. For purposes of
monitoring activities, lists of parameters to be measured are
most useful if arranged according to analytical methods. This
task report, then, provides a discussion of the various lists
of chemicals and the development of an integrated list organ-
ized by analytical techniques and discussion of the utility of
the lists.

CHEMICALS USED IN EOR AND ENHANCED GAS RECOVERY PROCESSES

A wide variety ‘'of chemicals are used during the course
of enhanced-recovery projects. These range from the drilling
muds, added during the preliminary drilling of injection and
production wells for a project, to toxic biocides and anti-
corrosion additives, which are used to counteract chemical
reactions that have been found to reduce the effectiveness
of enhanced recovery. Despite the apparent vastness of
these lists, many of the chemicals are very similar; and, in
fact, groups of chemicals can each be measured through one
analytical procedure.
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The list developed by Braxton et al. (1976) for the EPA
was a preliminary one, based on a review of current practices
and patent literature. This list thus includes some chemicals
that although theoretically interesting are not now being
considered for use in field applications. The list included
as Tables S through 12 is a revised version of Braxton's
list, which takes these changes into account.l To further
gualify the information considered in Tables 5 through
12, a separate list has been developed, which includes only
those chemicals known to be commercially available for use
in EOR projects. This list of trade products, Table 13,
represents those chemicals which are likely to be used in
projects taking place today and in the near future. The
appendix presents a list of chemicals generally in use in
0il and gas development that are also used in conjunction
with enhanced recovery.

CHEMICALS COVERED UNDER CURRENT REGULATORY STRUCTURE

Requlations are not usually specific with respect to
chemicals used in o0il and gas applications. 1In fact, this
lack of specificity has been at the center of the controversy
regarding the regulation of drilling-mud wastes and brines.
The EPA is currently beginning a detailed monitoring
investigation of drilling mud wastes.

In an attempt to deal with these uncertainties, the DOE
developed an analysis of the currently regulated chemicals.
Other relevant lists include the NIH list of carcinogens,
drinking water criteria, water guality criteria, and Cali-
fornia air quality standards.

lThe revised surfactant list (1976) is now outdated;
- developments since its revision are likely to have caused
additions and/or changes.
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TABLE 5. ENHANCED OIL RECOVERY: EXAMPLES OF CHEMICALS PROPOSED
FOR USE AS SURFACTANTS?

SULFONATES
Alfo olefin sulfonate
Alky alryl sulfonate
Alky aryl napthenic sulfonate with monovalent cation
Hexadecylnaphthenic sulfonate
Sodium laryl sulfonate

LAURATES
p-Chloroaniline sulfate laurateb
p-Toluidene sulfate laurate
Polyglycerol monolaurate
Triethanolamine laurate
Sodium glyceryl monolaurate sulfate

AMMONIUM CHLORIDES
Ditetradecyl dimethyl ammonium chloride
Dodecyl trimethyl ammonium chloride
Hexadecyl trimethyl ammonium chloride

MYRISTATES

Glycerol disulfoacetate monomyrlstate
Triethanolamine myristate

SULFATES
n-Dodecyl-diethyleneglycol sulfate
Monobutylphenyl phenol sodium sulfate
Diethyleneglycol sulfate ‘

OTHERS
n-Methyltaurine oleamide
Morpholine stearate
Pentaerythritol monostearate
Dihexyl sodium succinate
Sodium sulfate oleylethylanilide
Triethanolamine oleate
Alkyl phenoxypolyethoxy ethanol
Polyoxyethylene alkyl phenol

aQgraxton et al. (1976).

PHalogenated compounds, though proposed in the liter-
ature, are unlikely to be used in field operations, because
their possible presence in produced oil streams would poison
the catalysts at the refinery.
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TABLE 6. ENHANCED OIL RECOVERY: CHEMICALS PROPOSED FOR USE
AS COSURFACTANTS?

Alcoholic liquors.
Fusel oil

Alcohols

Alkaryl alcohols
Phenol
p-Nonyl phenol
Cresol

Alkyl alcohols
Isopentanolb
2-Pentanolb
Decyl alcohols
Ethanol
Isobutanol
n-Butanol
Cyclohexanol
l-Hexanolb
2-Hexanol®
1-Octanol
2-Octanol
Isopropanolb

Aldehydes
Formaldehyde
Gluteraldehyde:
Paraformaldehyde

Amides

Amino compounds

Esters
Sorbitan fatty ester

Ketones

@Braxton et al. (1976).
bmost commonly used.
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TABLE 7. ENHANCED OIL RECOVERY: HYDROCARBONS USED AS A
FRACTION OF MICELLAR SLUG (OR IN MISCIBLE-
DISPLACEMENT PROCESSES)®?

Alkylated aryl compounds
Anthenic compounds’
Aryl compounds with mono cyclic compounds
Alkyl phenols
Benzene
Toluene
Acryl comgounds with polycyclic compounds
Crude oil
Partially refined fractions of crude oil
Overheads from crude columns
Side cuts from crude columns

Gas oils

Straight run gasoline
Kerosene

Liguefied petroleum gas
Naphthas

Heavy naphthas
Refined fraction of crude oil
Paraffinic compounds
Decane
Dodecane
Heptane
Octane
Pentane
Propane
Cycloparaffinic compounds
Cyclohexane
Naphthenic¢ compounds

@Braxton et al. (1976).
bMost commonly used.
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TABLE 8. TERTIARY OIL RECOVERY: CHEMICALS PROPOSED FOR USE
AS MOBILITY BUFFERS2

Aldoses B series
L series
Amines
Carboxymethylcellulose
Carboxyvinyl polymer
Dextrans
Desoxyribonucleic acid
Glycerin
Ketoses B series
L series

Polyacrylamideb
Polyethylene oxideb
Polyisobutylene in benzene
Rubber in benzene
Saccharides _

Conjugated saccharides

Disaccharides

Monosaccharides

PolysaccharidesP
Hydroxyethylcellulose

4Braxton et al. (1976).
bMost commonly used.
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TABLE 9. TERTIARY OIL RECOVERY: CHEMICALS PROPOSED FOR USE
AS BACTERICIDES AND BIOCIDES?

Aldehydes
Formaldehyde
Gluteraldehyde
Paraformaldehyde
Alkyl phosphates
Acetate salts of coco amines
Alkyl amines
Quaternary amines
Alkyl dimethyl ammonium chloride
Coco dimethyl benzyl ammonium chloride
Diamine salts
Acetate salts of coco diamines
Acetate salts of tallow diamines
Calcium sulfate
Sodium hydroxide
Heavy metal salts
Chlorinated phenols
Alkyl dichlorophenol
Pentachlorophenol
Substituted phenols
Sodium salts of phenols

ar, J. Robichaux, "Bactericides Used in Drilling and
Completion Operations,™ U.S. EPA Symposium on Environmental
Aspects of Chemical Use in Well Drilling Operations, Houston,
May 1965, p. 4.

TABLE 10. TERTIARY OIL RECOVERY: CHEMICALS PROPOSED FOR USE TO
BLOCK EXCHANGE SITES IN THE FORMATIONZ (PREFLUSHING)

Quaternary ammonium salts
Fluoride solutions
Potassium permanganate

Sodium hydroxide

@praxton et al. (1976).
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TABLE 11. TERTIARY OIL RECOVERY: CHEMICALS PROPOSED AS
ELECTROLYTES?a

Acids

Hydrochloric acid

Inorganic acids

Organic acids

Sulfuric acid
Bases

Inorganic bases

Organic bases

Sodium hydroxide
Salts -

Inorganic salts

Organic salts
Sodium hydroxide
Sodium nitrate
Sodium sulfate
Sodium silicate

@praxton et al. (1976).

TABLE 12. TERTIARY OIL RECOVERY: CHEMICALS PROPOSED FOR USE
TO INCREASE EFFICIENCY OF THERMAL METHODS?2

Quinoline
Sodium hydroxide

Toluene

apraxton et al. (1976).
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TABLE 13.

EOR CIIEMICAL PRODUCING COMPANIES AND THEIR PRODUCTS - SUMMARY FOR UNITED STATES?

Description

Use

Physical Properties

A. Amoco Chemical Company

Surfactants:

Amoco Sulfonate 155

Amoco Sulfonate 151

Amoco Sulfonate 152

Cosurfactants:

Amoco Cosurfactant
120

a bighly consistent
ammonium salt of a
sul fonated petroleum
fraction

a medfum equivalent

weight (420) sodium

salt of a polybutene
sulfonate

an ammonium salt
of a sulfonated
petroleum fraction

an oxyalkylated
alcohol w/ “"unusual®
phase distribution
coefficlient in oll/
water systems

for use in formulating
micellar fluids for
enhanced oil recovery

for use in formulating
micellar fluids for
enhanced oll recovery

for use in formulating
micellar fluids for
enhanced oil recovery

for the preparation

of micellar injection
fluids, can be used w/
most sulfonates at

sul fonate/cosur factant
ratios up to 20/}

Sulfonate activity wt % 48-52
Oil wt & 7-12

Inorganic salts wt & 15 max
Water wt § 27-33

Sul fonate activity wt 8 47-52
011 wt ¢ 8-]18

Inorganics salts wtd 15 max
Water wt & 23-29

Sul fonate activity wt % 48-52

01l wt 8 7-12

Inoraanic salts wt % 15 max

Water wt 8§ 27-33

Viscosity, centistokes @ 49° C
(120° F) = 800

Density = 1.09 kg/}

Flash point = 182° C

Pour point = 0° C (32° F)

Corrosion rate {carbon steel
at 49° C) = 5

Odor, ammoniacal

Density = 1.01 kg/1

Pour point « 2° C
Flash point = 1260° C
Viscosity cp = 77

arhis table describes the commercially avallable EOR injection chemicals. Ancillary chemicals such as
biocides, corrosion inhibitors, and steam-drive additives are not reported on in this table. Further documentation
of these products is available from the Manufacters.
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TABLE 13 (CONT.)

Description

Use

Physical Properties

Amoco’ Cosur factant
122

Polymers:

Sweepaid 103

an oxyalkylated
alcohol w/ “unusual®
phase distribution
coefficient in oil/
water systems

high molecular weight
copolymer, a liquid

emulsion form containing

25% polymer, 25% oil,
and 50% water and is
supplied with an
emulsion breaker

for the preparation

of micellar injection

€luids, can be used w/
most sulfonates at

sul fonate/cosur factant
ratios as high as 80/1
or as low as 1/1

specially developed
for EOR, to improve
mobility ratios

Density = 8.60 1b/gal
Pour point = 40° F
Flash point = 205° F
Viscosity cp = 35.4° F

Specific gravity = 8.33 1b/gal
Pour point = -20° C

Viscosity = 900 cps

ph = 7.2

D. Allied Colloids Incorporated

Polymers:

Alcoflood 1200

Various alsomer-—
polymers 507

Other:

Antiprex A

‘anlonlc acrylamide

copolymer w/ ultra
high molecular weight;
dry, white granular
powder

polyacrylamides;
sodium polyacrylate
polymer in "micro-
bead® form

a polymeric scale
inhibitor - sodium
salt of a synthetic
polycarboxylic acid

mobility control in
the driving fluid

for use in drilling
fluids, fluid loss
reducer for fresh
water based drilling
systems in bentonite,
etc.

for control of scale

& deposit formation
which restricts flow
through injection &
flow lines & filtering
systems

Particle size = 100% through
112 mesh

Bulk density = 40 1b per fe3

pil In distilled water 1% solution
@ 25* C = 5.5-6.5

In oxyaen-free brine less than
10% loss in viscoslity over
5 days at 175° F.

Particle size = 100t through
112 mesh

Bulk density = 802 kg/m?J

plit of 1% solution @ 25° C =
5.5 to 6.5

Solld content = 45 + 1%

pit = 7.0-7.5

Specific gravity = 1.30
Viscosity @ 25° C = 1,400 cps
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Description

Use Physical Properties

C. Nalco Chemical Divigion

Polymers:

Nalfo F

Nal-flo P

Surfactants:

ADOFOAM BF-1 Anionic

is 30% by weight
polymer solids

high molecular weight,
is unstabilizead,
develops liquid
polyners

alcohol ether sulfate

for mobility control in
EOR flooding

moblllty-cbntrol agents

foaming agent N.A.

D. bOR

A wide variety of
EOR polymevrs:

XD (series)

Pushers/dry polymers:
Pusher 500 0il

Pusher 700 0i}
Pusher 1000'011
Surfactants:

PET 1000

PET 400

acrylamide polymers of
varlous molecular size,
in which 30% of the
carboxamide groups have
been replaced by
carboxylate groups

an intermedlate-molecular-

welght anlonic
polyelectrolyte

a high-molecular-weight
anionic polyelectrolyte

an extremely
high-molecular-weight
anlonic polyelectrolyte

catjonic polymer;
polyethylenamine
cationic polymer;
polyethylenamine

mobility-contro} agents

mobi}ity-control agent

mobility-control agent

mobjlity-control agent formulated
as a hydrocarbon emulsion of

"water-soluble polymers

foaming agent N.A.

foaming agent N.A.
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Description

Use

Physical Properties

E. Pfizer Chemical Division

Polymers:

Biopolymer 1035

solution of xanthan
gums a high molecular
welgqht heteropoly-
saccharide’ produced
by the Xanthomonas

campestris fermentation
of carbohydrates

mobility-control
agent for enhanced
oil recovery

Tan gelatinous fluid
Polymer activity = 2.,8-3.2%
Viscosity = 7,000-10,000 cp
Specific gravity = 25° C 0.95
1.00 g/cc
Rtabillizer, formaldehyde
2000 ppm min

F. MAmerican Cyanamid

Polymers: .
Cyanatrol the 900 anfonic liquid mobility-control Pulk density 25° C = 8.43 1lb/gal
serfes polyacrylamides agents developed Bulk viscosity 25* C = 1,200 cps
specifically for Freezing point = 18° C.
EOR Flash point = 3982° cC
Surfactants:
Aeroso) A-102 nonionic and anionic; foaming agent N.A.
disodium ethoxylated
alcohol half ester of
sulfosuccinic
G. Aerosol OT anionicy foamina aqent N.A.
(75% Alo) sodium dioctyl
sul fosuccinite
Polymers:

Xanthan Broth

a polysaccharide
made by fermentation
by Xanthomonas

campestris

mobility-control
agent for FOR

Xanthan qum % = 2,5-3.0

Viscosity = 10,000-20,000 cp

plh = 6.0-7.0

Preservative = 3,000 ppm
formaldehyde
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TABLE 13 (CONT.)

Description

. CORT (llercules)
N-llance (series)

Natrosol 250 HIR

polyacrylamides manu-
factured "to produce”
higher & more uniform
molecular weights and
greater polymer
linearity

hydroxyl cellulose
(HEC)

Use Physical Properties
mobility~control Viscosity = Range 6-100 cp
agents 8 1,000 ppm

~mobility-control agents

Other EOR chemicals supplied by Hercules through CORT are cellulaosic & polysaccharide chemicals.

I. Witco Chemical Corporation

Surfactantss
TRS 10-80

TDA-100

petroleum sul fonate

ethoxylated alcohol

foaning agent N.A.

foaming agent

J. Stepan Chewmical Company

Burfactants:
Petrosep 465
Petrosep 450

Petrosep 420

petroleum sulfonate
petroleum sulfonate

petroleum sulfonate

foaming agent N.A.
foaming agent

foaming agent

K. Alcolac Inc.

Surfactants:

"Siponate DS-10

dodecyl henzene
sul fonate

foaming agent N.A.

L. Exxon Chemical Ca.

Surfactants;

MEAC) ) OXS

Orthoxylene sulfonate

foaming agent N.A.
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Description Use Phyaical Properties

M. GAF Corporation

Surfactants:

Igepal CO-530 ethoxylated phenol foaming agent N A.

Jgepal €0-~610 ethoxylated phenol foaming agent ‘ N.A.

N. Suntech

Suntech 1 mixed xylenes and foaming agent N.A.

C)2 olefin
Suntech 2 mixed xylenes and foaming agent N.A.

C)s5 olefin-parrow

Suntech 3 toluene and Cjs foaning ageant N.A.
olefin-narvow

Suntech 4 toluene and Cjs foaming aqent N.A.
olefin-narrow

Suntech 5 toluene and C)g foaming agent N.A.
olefin-broad

Suntech 6 benzene tower foaming agent N.A.
feed and C)5
olefin-broad

Suntech 7 benzene tower feed toamlhg agent N.A.
and C)5 olefin-narrow

Suntech 8 ' benzene tower foaming aqent N.A.
bottoms and Cj)
olefin
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Description Use

Physical Properties

0. MILENEAA
Surfactants:

Ampli foam®

coco amine betaine foaming

agent

P. MAGCOBAR
Surfactantss

Magcofoamer 44

foaming

agent

Q. Armour Industrial

Chemical Company

Surfactants:
ARQUAD T-2C

ARMOMIST |1

cationic; quaternary
ammonium salt
cationic

N.A.

N.A.

R. Dupont
Surfactants:

BCO

amphoteric, C-alkyl betaine

S. General Mills
Surfactants:

ALFOAM 3

T. Shell Chemical

Surfactants:

Shell foam

su) fonate (probably foaming
no benzene)

aqent
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Description Use Physical Properties
U. Nalliburton
Surfactants:
Hne-2 foaming aqgent N.A.
HOWCO SUDS N.A.
V. BRohm & Haas
Surfactants:
TRITON QS8~15 amphoteric; foaming agent N.A.
oxyethylated sodium
salt
TRITON GR-S anfonic; sodium foaming agent N.A,
alkylester sulfonate
W. Petrolite Corp.
Surfactants;
Pret-0-1ite J-9005 foaming agent N.A.
Tret-0-}ite Tn-8 foaming agent N.A.
X. Adouite
Surfactants:
Adofoam 50% active anionic foaming agent N.A.
sur factant
Y. Kelco, Division of
Mexck & Co., Inc.
Polymers:
Xanflood xanthan qum mobility-control agent N.A.
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Description

Use Physical Properties

2. liexcules

Incorporated
Polymers:
Natrosol 250 MR hydroxyethyl mobility~control agent N.A.

cellulose (HEC)

AA. Union Carbide

Chemical Co.
Polymerss
Polyox WSR N-3000" polythylene oxide (REO) mobility-control agent N.A.
Polyox WSR 301} polythylene oxide (REO) mobility-control agent N.A,
Polyox coagulant polythylene oxide (REO) wmobility-contyrol agent N.A.




TABLE 14 (CONT.)
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_ Threshold Level of
Chemical Nonspecific Specific Technlique . Value Environmental Cost Operator
Category Chemical Analytical Analytical Protocol (detection Standard or per Training
fox EOR Use Group Technique Technique Listing Precision % limit) Guideline Sampled Required
monopolymeric paper m m
sugars chromatography
polysac- mpnual analysis n
charlides by cleavage
enzyme hydrolysis
E. Blocides aldehydes GC/F1D EPA Level I P §50-100 4 yr
recommended college
alkyl phosphate ASTM D-515 .01-10 ppm $5-10 i"n.s.
phosphates colorimetric ’ tech.
tests
alkyl GC/MS 3 50 mg $50-~-200 4 yr
phosphates Injected college
quaternary ion chrom- q q $15-25 tech.
amines atography or 4 yr
. college
alkyl amines GC/MS EPA Level II 3} 50 mg $50-200+ 4 yr
. recommended injected college
acetate salts GC/MS EPA Level IIX 3 50 mg $50-200+ 4 yr
of amines recommended injected college
calclum sulfate titration , e e $5-10 n.s.
tech.
sodium alkaltinity ASTM D1067-1070 $5-10 n.s.
hydroxlide titration tech.
heavy met- atomic s 8 u 4 yr
al salts absorption® college
heavy met- inductively t t $100v 4 yr
al salts coupled ) college
argon plasma
phenols chloroform ASTM-D1783 h h x $5-10 1.8,
extraction tech.
phenols GC/MS EPA Level IJ 3 50 mg x $50-200+ 1 yr
recomnmended injected college
F. Chenmicals quater- NIt titration ASTH D1426 y Yy $5-10 H.S.
used to nary am- tech.
block ex- monium salts '
g?:gge quater- ion ' q g $15-25 tech.
nary am- chromatography or 4 yr’

monium salts

colleqe
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TABLE 14. MATRIX OF MONITORING PARAMETERS

Threshold l.evel of
Chemlical Nonspecific Specific Technigue Value Environmental Cost Operator
Category Chemical Analytical Analytical Protocol (detection Standard or per Tralning
for EOR Use Group Technique Technique Listing Precision § 1imit) Guideline Samplead Required
A. Surfac- all sur- dlrect probe 2100 low ppb $25-100 4 yr
tants factants mass spectro- rangeC® college
metry
sul fon- titrationd ASTM D-2310 e e $5-10 #.5.
ates tech.
B. Cosur- alcohols GC/FID EPA Level 11 10 50 mg $50-100 4 yy
factants recommended injected college
phenols chloroform ASTM-D 1783 h h $5-10 7.8,
extraction tech
phenols GC/MS EPA Level 11 3 50 mg $50-200¢+ .4 yvr
recommended injected college
aldehydes GC/FID EPA Level I $50-100 4 yr
recommended colleqge
amides GC/MS EPA Level II 50 mg $50-200+ 4 yr
recommended injected college
amines GC/NMS EPA level 1I 50 mg $50-200+ 4 yr
recommended injected college
amines Gc/usk EPA Level II j 50 mg $50-200¢ 4 yr
recommended injected college
esters GC/MS EPA Level 11 3 50 mg $50-200+ 4 yr
recommended injected college
ketones GC/MS EPA fevel Ii j 50 mg §50-200+ 4 yr
recommended injected college
C. llydro- ary) compounds GC/Ms® ' k) 50 mq $50-200+ 4 yr
carbons {incl. benzene) injected : college
alkyl . chloroform ASTM-D 1781} h h $5-10 n.s.
phenols extraction tech.
aliphatiec Ge/Fipl EPA level IXI 10 S mg $50-100 4 yr
hydrocarbons recommended injected college
D. Mobllity amines GC/Msk FPA Level 11 3 50 mg $50-200+ 4 yr
huffers recommended injected college
monopolymeric GC/MS of $50-200+ 4 yr
sugars trimethylsilyl college

derivatives




SAMPLING PARAMETERS

To design a monitoring program requires information
about eight sampling parameters shown in Table 14. These
eight parameters include information about the appropriate
chemical tests~--

1. Nonspecific Analytical Technigue
2. Specific Analytical Technique
3. Technique Protocol Listing--

information concerning the ability of the techniques to
detect environmental hazards--

4, Precision
5. Threshold Value/Detection Limit
6. Environmental Standard or Guideline--.

and information about the effort required to carry out the
tests--

7. Cost Per Sample
8. Level of Operator Training Required.

Nonspecific Analytical Technigue

Each chemical group cited in the table includes a
number of individual chemicals, each with its own molecular
composition, physical and chemical properties, and toxicity.
For some of these groups, a convenient "nonspecific" test
exists that will detect the presence of some member of the
group in a sample, without being able to identify specific
chemicals and their concentrations. These general tests are
often an appropriate screening tool, to determine inexpensively
whether more detailed sampling is required at a particular
sampling station and time.

Specific Analytical Technigue

Techniques included in this category will detect the
presence or absence of specific chemicals within a group.

Technigue Protocol Listing

Techniques that are routine enough to be standardized
are described by analytical protocols. The appropriate
protocol references are provided in the matrix. Some of the
protocols refer to techniques that are undergoing rapid
development, such as GC/MS analysis. These protocols will
provide only general guidelines for the analytical procedures,
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SECTION 6

GROUNDWATER SAMPLING AND ANALYSIS PROCEDURES

INTRODUCTION

Enhanced o0il and gas recovery processes use and create
a diversity of chemicals. To monitor the discharge of
these chemicals to the environment requires many specific
analytical tests and procedures. The parameters associated
with these tests have been summarized in a master matrix of
water-quality tests for EOR/EGR chemicals. This matrix is
displayed in Table 14.

It would be desirable to reduce the number of required
tests, at least initially, by performing simple screening
tests which would indicate whether or not more specific test-
ing is likely to show presence of contaminants. To that end,
nonspecific tests are noted in the matrix that can serve
as general indicators of the presence of a class of chemi-
cals. Even more general screening tests are not cited in the
matrix. Those general tests that might be used include:

o Total Organic Carbon - The total organic carbon
(TOC) test will generally detect all organic carbon
compounds. This will include not only polymers but
also oils and other oil-based hydrocarbons. Thus,
TOC can indicate 0il or working-fluid contamination.
However, interpretation of TOC data is complicated.

o Total Dissolved Solids (TDS) - The measurement of
high TDS levels will indicate the presence of brine
contamination in a sample. This can be an initial
indicator of escape of reinjected or surface~disposed
wastewaters. . :

© pH - A sudden change in the pH values occurring
at a sampling station can provide an indication of
contamination by surfactants, sulfur-containing
compounds, and other EOR~-related chemicals.

-49-



~£6~

TABLE 14 (CONT.)

Threshold lL.evel of
Chemical Nonspecific Specific Technique Value Environmental Cost Operator
Category Chemical Analytical Analytical Protocol {(detection Standard or per Training
for EOR Use Group Technique Techniqgue Listing Precision 3% limit) Sampled Required
fluoride distillation and ASTM D]179 Y 10 ppb $5-10 "n.s.
solutions colorimetric test tech.
potassium titration e e $5-10 ".s.
permanganate . - tech.
sodium alkalinity ASTM D1067-1070 $5-10 u.s.
hydroxide titration tech.
G. Electro- aclids and ptt titration ASTM D1067-1070 $5-10 n.s.
lytes bases tech.
salts fon chroma- L] q . $§15-25 tech.
tography or 4 yr
college
sodium flame atomic 8 8 $8-15 4 yr
salts absorption college
. Chemicals quinoline GC/MS EPA Level II ) 10 mg $50-200+ 4 yr
used to recommended injected college
increase sodium alkalinlty ASTM D1067-1070 : $5-10 n.s.
efficiency bydroxide titration tech.
of thermal
me thods toluene GC/MS EPA lLevel 11 )] 50 mg $50-200+ 4 yr
recommended injectead college
FOOTNOTES

Acost per sample assuming 10 or more similar samples run at one time.

bnlrect probe mass spectrometry achieves poor separation, so specific identification is possible only if individuva) peaks
are not greatly superimposed on one another.

cAssumlng a large sample s collected and concentrated in the laboratory.

d

®For titration tests In general:

{cont inned)

Threshold Values

10-2 M in solu.
10-5 M in solu,

10-6 ¥-10-7 n in solu.

Colorimetric titration with methylene blue measures detergent as egulvalent ppm of linear alkyl sulfonate.

Precision (%)
0.01

0.1

0.2-1.0
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FOOFNOTES TO TABLE 14 (continued)

fPetroleum sulfonates are ooneldered flammable and therefore might be hazardous under RCRA. They should also be treated as
potential carclnogens.

9hexanol - marginal for RCRA hazardous rating on the hasis of ignitahility
octanol -~ aquatic toxlcity over 96 hours - LCgqq =~ 10-100 ppm
n-butanol OSIIA limit 100 ppm

threshold limit value (skin) - 50 ppam
aquatic toxicity at 96 hours - LCgg>1000 ppa
hazardous under RCRA on the basis of fqnitability
OSHA limit 100 ppm
hazardous under RCRA on the basis of fignitahility
iso-butanol - threshold limit value - 100 ppm

. hazardous under RCRA on the basis of ignitabllity
sec-butanol - OSHA limit 100 ppm
threashold limit value - 150 ppm

aquatic toxicity at 96 hours - 1Cg50>1000 ppm
hazardous under RCRA on the basis of ignitability
OSHA limit 50 ppa

threshold limit value - 50 ppm

aquatic toxiclty at 95 hours - LCsQ = 10-100 ppm

tect-butanol

cyclohexanol

I I A |

Bpetection 1imit - 5 ppb

Threshold Values Preciaion (%)

93.5 ppb 4
48.3 ppb 6
9.61 pph 10

‘phenol - OSHA limit (skin) 5 ppm
~ threshold limit value - 5 ppm
- drinking water standard (1962) - <1 ppb

j35‘ precision for GC/MS is typical, though experienced operators can obtain somewhat greater precision.
ch/Pln is an alternative for preliminary analysis.
lllandllnq problems can be expected with lighter~gravity hydrocarbons.

®phreshold value for paper chromatography ls significantly higher than other chromatography techniques mentioned here.
Similarly, precision is lower.

"polyacrylamldes - 1| ppm In potable water (ACGIN)
- threshold value limit 0.1 ppn

{skin tentative)
quutaraldehyde - threshold value limit - 2 ppn
formaldehyde - threshold value limit - 2 ppm
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FOOTNOTES TO TABLE 14 (continued)

Ipetection timit: low ppb range - up to 50 ppb precision is 1-10%,

“Flame atomlc ahsorption or graphlte-furnace atomic absorptlon, for example, depending on which metals are being examined.

SFlame AA detection limit: low ppm to high ppb range - at 1-10 ppm, precision is 1-2%; graphite furnace AA - at
20-100 ppb, precision 1s S,

tlnductlvely coupled argon plasma detection 1imits 10-20 ppb - at 100-300 ppb, precision {s 3%,
"Plamé AR -~ §B-15/sample, qraphite furnace AA -~ $12-25/sample.

YICAP is a multi-element technique. BSeveral elements can be measured In a single analysis, so for a wide acan it can be
cheaper than AA.

*2,4,5-trichlorophenol - threshold 1imit value - low (very tosic) phenol - 086A 1imit - 55 ppm (skin)

-~ threshold limit value - 5 ppm
pentachlorophenol - aquatic toxicity at 96 hours - ~ drinking water standard

iL50<1 ppm (1962) - 1 ppb
Yar 0.5 ppm, precision is 3%,

Epreclalon was 9% at 0.81 ppm.



leaving the details of the analysis to the judgment of the
chemist. For other sophisticated tests, such as inductively
coupled argon plasma, standard protocols are not appropriate,
since the technique is too new and complicated. Thus,
analytical procedures are standardized only to a limited
extent, depending for the validity of the data on the
training and experience of the analyst.

Precision

The techniques differ in their precision. Precision
can be affected by the operator experience and training.

Threshold Value

The threshold value of a test usually must be less than
or equal to one-half of the applicable environmental guideline
for the technique to be a useful monitoring tool.

Environmental Standard or Guideline

Environmental standards have not yet been developed for
many of the chemicals of concern. (See Beck et al., 1980,
and Silvestro et al., 1980). This information gap is a problem
in the development of effective monitoring programs.

Cost Per Sample

Costs per sample have been developed assuming: a) 1980
prices, 1980 dollars; b) commercial laboratories perform the
_testing; c) samples are run in batches of at least ten
samples. Costs for sample transport are not included.

Level of Operator Training Reguired

The gquality of the operators performing the chemical
tests is a principal variable controlling the value of moni-
toring data. Use of inexperienced or undertrained technicians
can invalidate monitoring data. Required training levels
included in the matrix are the generally recognized minimums.
Use of operators with several years of experience can result in
better accuracy and consistency. Laboratories should be under
the supervision of a Ph.D. chemist or the equivalent. Labora-
tories should meet appropriate state and EPA laboratory-approval
tests.

APPLICABILITY OF THE TECHNIQUES

Sample volume and cross-constituent interference limit
the applicability of some of the techniques. Required sample
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volumes will increase rapidly as desired detection limit
decreases, so that no simple values could be entered into
the matrix. Presence of a complicated hydrocarbon component
in the sample may necessitate multiple solvent separations
and extracts to isolate the sample fraction to be analyzed.
Presence of a high total-dissolved-solids component can
decrease the sensitivity of other tests. .
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SECTION 7

MONITORING PROGRAM DESIGN CONSIDERATIONS

Design of an effective yet realistic groundwater monitoring
program is a'difficult analytical problem and is impeded by the
lack of information about the baseline quality of aquifers and
the pollutant pathways that are required in making informed
decisions. Generally, it is much easier to design a monitoring
program on the basis of a specific type of pollutant event or
track to a specific pollutant incident. Unfortunately, often a
pollutant event will remain undetected for long periods of
time, being noticed only after an agquifer has been subjected to
low levels of pollution over several years. Thus, it is
necessary to conduct some form of regular monitoring of aquifers
that may be affected by an EOR project.

DESIGN ISSUES

The major problems to be addressed in the enhanced-
recovery environmental monitoring manual are as follows:

1. How should monitoring stations be located to ensure
an acceptable probability that any discharges from
the recovery processes are detected?

2. What combination of measurements, number of
stations, and frequency of sampling provides the
best information value per dollar expenditure?

3. BHow can all of the various monitoring variables
be standardized sufficiently so that different
recovery projects can be compared, and so that
time~-series analysis can be carried out?

4. Which procedures need to be followed to ensure
that the measurements taken constitute meaningful
information?

BENEFITS MEASURES

The design of an efficient monitoring program regquires
that the benefits of monitoring be identified. Benefits of EOR
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groundwater monitoring will include detection and prevention
of environmental risks and evaluation of environmental control
investments. To each general benefits category (Table 15) a
variety of indices and variables can serve as measures to meet
that monitoring need. For example, indices of cancer mor-
tality per 1,000,000 individuals may serve as a measure of
human health risk. '

The first step in specifying these benefits is an
evaluation of the enhanced-recovery processes and the nature
of the pollutant events that may be expected. This first
step was carried out as part of the recently completed project
performed by MERL (Beck et al., 1980). This tells us the
types of risks that a monitoring program should be designed to
detect. The next step is to identify measurements that can be
made to characterize the pollutant events. An enumeration of
measures is provided in Section 6. The next step is to
determine range of values, variability and statistical charac-
teristics of contamination events using a body of historical
data relative to past pollutant events. This cannot now be
adequately carried out due to lack of historical data.l a
substitute analysis, carried out on an a priori basis, makes
up the body of Section 8 of this report. This tells us how
intensively the risk indices should be measured to obtain
meaningful information.

Table 15 summarizes the categories of costs and benefits
that enter into the design of an EOR/EGR monitoring program.
In addition to the benefits identifiéd in Table 15, there is
another purpose for monitoring investments, which does not
appear in that list because it is an "intermediate"” benefit;
that is, it is a tool for the accomplishment of the other
purposes. That benefit is the development of Baseline Infor-
mation.

Dollar values and manpower values can easily be placed
on the cost elements, as has been done in Section 6. The
measures that should be used for the other benefits are less
straightforward. Some of the possible uses of a monitoring
program and the way to express their benefits are discussed
below. The objectives discussed are: (1) baseline data
assembly, (2) detection of trends and violations of standards
and (3) detection of previously unrecognized pollutants.,

-

lgistorical data that could be used for this work
are lacking mainly because (1) few significant pollutant
events have been identified and (2) no environmental monitor-
ing programs are in place with EOR or EGR projects.
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TABLE 15. EOR/EGR ENVIRONMENTAL MONITORING COSTS AND

BENEFITS

Costs

Benefits

Dollar costs of monitoring
tests

Manpower costs of monitor-
ing

Identification of public-health
risks

Detection of violations of
regulations

Identification of ecosystem
risks ‘

Identification of other envi-
ronmental risks
(aesthetics, resource
preemption, synergistic
effects, intermedia effects)

Identification of previously
unrecognized pollutants

. Detection of degradation

trends at levels below
currently recognized risk
thresholds

Detection of chemical or hydro-
carbon losses (economic
benefit)

Evaluation of the effective-
ness of control investments
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DEVELOPMENT OF BASELINE DATA

There are two alternate strategies for the development
of a baseline for EOR/EGR environmental studies. One is to
evaluate environmental insults on a site-specific basis; the
other is to look at the national or regional picture. To some
extent, both must be done. Environmental control of EOR/EGR
activities merits significant attention if the potential
overall impacts are significant, compared with other energy
alternatives. Also, violations of requlations at any site
cannot be ignored. Regulatory agencies -- i.e., those of the
DOE, EPA, and California Air Quality Control Board -- will
mainly require regional and national data to evaluate the
effectiveness of their programs. Operators will only have use
for an approach applicable to their own specific projects.
Each approach will have different statistical and information
requirements.

Regional Approach

The regional approach requires the development of average
values and spatial and temporal variabilities for a relatively
small number of key stations. The key stations are selected to
represent the range of conditions relevant to the technology
and medium of interest. The conditions that need to be
represented are as follows:

Geological characteristics

Connate-water chemistry

Aquifer characteristics

Types of disposal formations

Technology options

Age of field operations
Generally, a minimum number of observations will be required to
characterize each condition, depending on the variability of
the parameter being considered. This minimum number can be
achieved by some combination of repeat observations at a
station and synoptic measurements at several stations. Once
the basic statistics have been statistically characterized,

additional stations or observations will provide minimal
informational benefit.
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Site-Specific Approach

The site-specific approach involves investigation of
possible routes of contamination and directions of contami-
nant flow. The approach includes reservoir and aquifer
dynamics. A synoptic data set covering the area influenced
by the project is required; a time series adequate to
characterize local patterns is also required for several key
stations. Baseline data gathering should be kept to the
minimum required to characterize levels of indicator para-
meters. Without specific cause for carrying out detailed
monitoring at specific stations, large bodies of useless
data could easily be assembled.

DETECTION OF TRENDS AND VIOLATION OF STANDARDS

Violations of regulations are usually measured as
frequency of observations exceeding a reference level. The
statistics that govern trends in frequency of occurrences of
a condition are different from the statlstlcs that govern
trends in annual means.

No reference levels (i.e., standards or criteria) cur-

- rently exist for most of the chemicals identified in Table 13

and Appendix A. The lack of firm reference criteria makes the
use of these benefits measures difficult. Thus, development of
usable reference values should be undertaken by the monitoring
agencies. The status of reference values is as follows:

Public-Health Risk. Drinking-water standards and water-
guality criteria exist. However, these standards do not cover
most of the organics relevant to EOR/EGR. The NAS (1977) lists
of suspected carcinogens came closest to considering the relevant
variables. U.S. DOE research is currently under way on this
topic. Air-guality standards exist, but these standards do not
cover the trace organics. .

Reinjection, Subsurface, Waste-Injectlon Requlations- do not
specify quality criteria.

RCRA. Guidelines for drilling muds and oilfield brines
are currently being developed by the U.S. EPA.

Ecosystem Risks. No guidelines exist relative to subsurface
waters. Water-quality criteria cover few of the relevant
chemicals. Visibility criteria exist.

Other Environmental Risks are difficult to quantify.
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IDENTIFICATION OF PREVIOUSLY UNRECOGNIZED POLLUTANTS

A monitoring program that is intended to identify pre-~
viously unrecognized pollutants involves broad-based measure-
ments with low expectation for informational benefits. Indices
of the informational value of such a monitoring plan include:

1. Classes of chemicals measured: A monitoring program is
beneficial to the extent that it provides measurements
of a wide range of chemicals: detection of presence/
absence is the main criterion.

2. Media sampled: A monitoring program is beneficial to
the extent that it provides a scan of the range of
possibly polluted media with a spatial coverage of each
medium.

3. Temporal Sampling: A monitoring program is beneficial
to the extent that it can detect pollutants that may be.
subject to irregular occurrence at sampling stations.

A suitable measure of of the potential informational
benefits of a program designed to screen for new pollutants
would be of the following form:

_ w w
I=rF(C) L) 2 (f)

where wj >> wa + w3

I = index of likelihood of detecting previously
unrecognized pollutants

F1(C) = index of the classes of chemicals
measured

M

number of aquifers sampled (of total aquifers
bodies impacted)

N = average number of samples per aquifer

f = average frequency of sampling per station

w1,w2,w3 = weighting factors for the three
indices.

The best monitoring strategy will yield a maximum value of I
within a given budgetary constraint.
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DETECTION OF CHEMICAL OR HYDROCARBON LOSSES

Some monitoring strategies screen for potential pollutant
events by monitoring chemical and/or hydrocarbon losses from
the 0il reservoir. These strategies include monitoring of well
pressure, monitoring of movements of tracer chemicals, and
development of data for periodic mass-balance accounting.
Benefits of these monitoring activities may be measured as the
dollar savings caused by reduced-volume consumption of chemicals
and increased recovery of 0il or gas. Estimated savings are
calculated in terms of a site-by-site assessment of risks of
losses that are usually calculated during the project engineer-
ing; or they can be calculated generally, as in the 1976 EPA
study (Braxton et al., 1976).

EVALUATION OF THE EFFECTIVENESS OF CONTROL INVESTMENTS -

Monitoring programs to evaluate effectiveness of
control investments will compare the performance of controls
with regulating standards and/or design criteria. This will
involve the statistical issues discussed above. Making
comparisons regquires pairs of observations "upstream”
and "downstream" of controls before and after their applica-
tion. FPor controls aimed at maintenance of groundwater
guality, "upgradient" and "downgradient” pairs may not be
easy to establish, and groups of stations may be regquired to
define the "up” and "down" gradient conditions.

POLLUTANT INDICATORS

Enhanced~recovery activities use a wide variety of
chemicals. Comprehensive monitorina for each potential
pollutant (including primary pollutants, degradation products,
and synergistic pairs) will require extensive budgetary
commitments. The measurement of indicator parameters rather
than specific chemicals provides less detailed and less
precise information; but it is a more certain way of obtain-
ing useful returns for a given level of investment.

Various indicators that might be used to detect relevant
pollutants are as follows:

1. Total Organic Carbon. Total organic carbon provides a
measure of the presence of all chemicals soluble in a
given solvent, such as methylene chloride. Monitoring
TOC in the vicinity of EOR projects can be expected to
detect the presence of organic polymers, organic
biocides, hydrocarbons, and miscellaneous other
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organic additives used in oil operations. The TOC
measure could be used as a screening tool; if adverse
trends are obserwved, then further, more specific
analytical tests would be triggered.

Methvlene Blue Active Substances. The MBA test

quantifies the presence of methylene blue active
chemicals, which mainly include a large class of
surfactants. Monitoring MBA in the vicinity of EOR
projects can be expected to detect the presence of
surfactants. The MBA test is a general screening
tool, aimed at a more restricted list of pollutants
than the first test.

Conductivity. The conductivity test is a surrogate

measure to determine the general presence of salts.
The measurement of conductivity in the vicinity of
EOR/EGR projects can serve as a screening tool to
detect the presence of brines in water bodies.

Reservoir Pressure. The pressure maintained within

the oil-bearing formation provides a monitor on escape
of fluids away from the intended pathways. These
monitoring activities are usually carried out as part
of good reservoir engineering practices.
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SECTION 8

PLACEMENT OF MONITORING STATIONS
AND FREQUENCY OF SAMPLING

INTRODUCTION

.This section adopts two separate approaches for deter-
mining appropriate placement and sampling-frequency designs
for underground monitoring stations. The first method
applies to detection systems, or systems designed to monitor
before and just after a pollutant event occurs. The second
method applies to event-monitoring systems that are designed
to monitor the progress or extent of a contaminant plume.
While detection-system monitoring stations must be opera-
tional before the event, an event-monitoring methodology is
likely to be applied after the event to determine where to
drill new wells or take above-ground measurements and how
frequently to do so.

The following outlines the three subsections below that
address issues of sampling frequency and station placement:

1. The first section discusses the differences in
emphasis between systems designed before and after
the pollutant event has occurred.

2., The second section discusses the proposed method-
ology for designing a pollution-—-event detection
system.

3. The third section discusses the methodology
for monitoring in response to pollutant events
and the equations for the chemical-fate modeling
of water-miscible and ~immiscible pollutants in
groundwater.

BEFORE VS. AFTER A POLLUTANT EVENT

The considerations affecting spatial placement of
monitoring stations are different before and after a
pollutant event has occurred. Before a pollutant event
occurs, the emphasis is on early detection leading to
monitoring for contamination close to possible sources,
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whereas after an event the emphasis is on determining the
extent of contamination, which may require monitoring far
from the source.

Similarly, for detection capability the density of
monitoring stations should be high, whereas for delineating
the extent of contamination the stations should be more
widely spaced.

For these reasons, the design of a detection and an
event-monitoring system have only a weak linkage. As a
detection system requires greater accuracy, higher sampling
frequencies, and fewer stations than an event-monitoring
system, data collection by well samples is appropriate.

For an event system, however, less expensive methods will
suffice. This is not to say, of course, that an event-
monitoring system should not use detection techniques,
particularly if there are water wells in the field that can
easily be used for monitoring. The point is that monitoring
techniques are likely to be more cost-effective than drill-
ing new wells.

The use of less expensive data-collection techniques
for event-monitoring systems should be more than compen-
sated for by a program of computer-based miscible or
immiscible transport models. As it is doubtful whether
these models can be adeguately calibrated without a
pollutant event, they play a less prominent role in "detec-
tion" systems.

Chemical-fate mathematical models fall into two cate-
gories: miscible and immiscible pollutant models. While
"brines and biocides are soluble in water, oil and surfactants
are not. Briefly, the latter (immiscible case) equations must
be written for the movement of both the water and nonwater
phases, while in the former (mlsc1ble case) an equation for
transport in the water phase only is developed. :

DESIGN OF A POLLUTION-EVENT DETECTION SYSTEM

The design of a detection system has two phases: the
first is a "baseline”™ analysis, characterizing TDS, BOD,
organic-carbon, etc., and other levels before an event, and
the second phase is the design of the monitoring system
itself.

The purpose of the first phase is to take out all

"trends" or explainable variations in groundwater quality,
so that residual variation is uncorrelated (a white noise).
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Seasonal trends in groundwater guality have been noted
frequently in the literature; other possible trends include
a straight-line time dependence, correlation among levels of
chemical constituents, correlations among nearby wells, and
relations of concentrations to the level of the groundwater
table and volume of water pumped.

Once all trends have been removed, the standard devia-
tion of the residuals is taken to serve as an indication of
the reliability of sampling. A well with a standard error
of o on a given pollutant measure would yield a standard
deviation of ¢//n if sampling results were averaged over
n time periods.

The second phase of monitoring station design takes
as input the expected value of an indicator at a given time,
u(t), and the calculated standard deviation o¢. These para-
meters are used to set up threshold levels for detection; as
only upper thresholds are likely to be useful, a value of
u + (So//n) represents the threshold level, where S = a factor
between 2 and 4. The value selected will reflect a judgement
on the importance of early detection and the degree of incon-
venience you wish to bear from false alarms due to random
variation.

The following outlines the aspects of detection
systems to be discussed in the next few pages:

A. The model to be used for determining spatial

arrangement and sampling frequency, its limitations
and data requirements.

B. Issues of detection power.
C. PFormulas for spacing and frequency of monitoring.

D. Refinements to the model.

A. The Model

The subsurface dispersion model equations developed in
Appendix B are based on a second-order, linear differential
equation which depicts underground convection-diffusion
phenomena. This analysis assumes that agquifer flow is
constant in direction and magnitude and also that under-
ground diffusion properties are uniform in the region of the
spill. Since detection monitoring stations are to be placed
close together, each covering only a small zone, variations
in flow and diffusion may be neglected without seriously
affecting results.
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The purpose of the detection monitoring system is to
detect contamination as soon as possible. The model permits
prediction of the length of time, tg, required to detect a
leak depending upon values of spill size and concentration,
spacing of stations, groundwater flow, local diffusion rates
and the time interval between samples. Because the concentra-
tion profile could range from an initial burst to a slow leak,
a worst-case approach is adopted. An initial-burst leak that
quickly damps out is the hardest to detect. Consequently, the
solutions for monitoring system design drawn from the model
will be fitted to the detection of this case.

Data Requirements--

The parameters of the model are given in Table 16. It
is seen that considerable geological and production informa-
tion is needed to specify the model parameters. However, as
‘detection stations are likely to be placed close to sources
and as geological and production information should be
available for existing wells, collection of necessary data
should not require additional geological measurements.

The concentration of a pollutant at a given point in
space C(x,y,t) is illustrated as a function of time and
model parameters in Figure 9. The x-coordinate signifies
the direction of aquifer flows and the y-coordinate, its
perpendicular in the horizontal plane.

TABLE 16. MODEL PARAMETERS

) Physical measurements that must
Parameter be made to determine parameter

V - velocity of groundwater Transmissibility, level of
motion groundwater table near pollu-
tant surface .

D - diffusion coefficient Pollutant mobility; for immis-
: cible fluids, water saturation
viscosity; porosity; permea-
bility of area near source

P - level of initial burst In an injection well, volume
of fluids injected per second;
or in a producing well, volume
of produced fluids per second
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Limitations--

It should be stressed that while the modeling devel-
oped in equations B-1l, -2, -3 and -4 of Appendix B and
illustrated in Figures 10 and 11 is inadequate for the
modeling of pollutant fates to be conducted in an event-
monitoring system, it gives considerable insight into
considerations for detection~system design. The model does
not take into account possible variations in permeability
and porosity nor, more seriously, variations in directions
or magnitude of groundwater flow. As is shown in Subsection
D below, once an understanding of the basic forces influencing
system design is achieved, solutions to these objections
will suggest themselves.

B. Detection Power

As has been mentioned in the introduction, baseline
sampling provides us with an expected value for a measured
variable and a standard deviation. Levels more than So//n
above the baseline mean u are cause for sounding an alarm,
where n is the number of samples averaged for the purposed
of reducing false alarms.

The approach taken in the following sections is to design
a system that will be likely to detect levels above the mean of
So or greater, within a time of ty, after the event, using_
only one sample. An added benefit is that levels of S¢//n or
greater may be detected by averaging over n samples. As a
result, a graph of the minimum deviation detectable within a
given period after the event, with confidence factor S, would
"plot So//nAt versus nat, where At is the sampling interval.

C. Derivation of Spatial and Freguency Relations

The progress of a contamination plume will resemble
Figure 12.

As can be seen, the "center of gravity” of the plume
progresses at a speed of V in the x direction, while the
width of the plume in the y direction is proportional to the
dispersion coefficient D.

Equation B-4, which generated the plots in Figure 12,
is reproduced below.
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Our goals in detection-system design are:

1. To detect a minimum concentration above baseline
of So¢ in one sample.

2. To do so before time tg.

As was shown in Figure 9, a principal problem in accom-
plishing these objectives is inadequate density of monitoring
stations, so that contaminant plumes "slip through." If we can
calculate the width of the contaminant plume in the x and y
directions at time ty, and we space monitoring at one-half
this width, our problem is solved.

Based on the derivation of equations B-5 to B-10 in
Appendix B, an initial array of monitoring stations,
suitable for delimiting the contaminant plume at time tg,
may be developed. Table 17 gives station locations and
sampling frequencies. PFigures 10 and 11 illustrate the
variations in locations and frequencies as a function of
spill volume and diffusion rate for a set of hypothetical
conditions.

Consult Aris (1978) for background information.

D. Justification of Results

It is important to check whether the results we have
developed agree with intuition. Let us consider the formula
for the x spacing,

Ax = 1/2 ‘/2WDt - y2 ’ (B=8)

W is the parameter that represents the accuracy of detection;

as Co, the minimum concentration detectable, decreases, W
increases, although slowly. Because of this increased accuracy,
stations may be placed farther apart, and Ax increases. As y
increases, and we get farther from the source, stations must be
placed closer together. This is because the plume begomes
narrower in the x direction as y increases. Beyond y< =

2WDt,, stations become useless, as contaminant levels are
undetectable.
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TABLE 17. STATION LOCATIONS AND SAMPLING FREQUENCIES
(See Fig. B-1 on pg. 127)

Station Location Sampling Interval
L w2 o 2
(V. 0) | szm p? - 8Vt _W2D
ve_, 1724 WDt L yaw?0? - 10v w’pt
o’ © VZ o
1 2.2 2
<Vt°, -1/2 o) ?Jtzw D - 10V W Dt
ve_ +y2wpto ,0 1 yaw?? - svwp [ve_ + 1/2 2wt ]
o ’ ;7 o o

8VWD [Vto - 1/2 .ZWDtol

1 2.2
<Vt° -1/2¢ 2wDt, ,o) F{mn

The formula for y spacing mag be similarly interpreted.
For values of x such that (x-Vtg)c > 2WDt,, stations become
useless. From another point of view, for values of t such
that the equality no longer holds, sampling stations at
point x with y > Ay become useless. Thus, for monitoring of
a burst leak, stations have a finite useful life.

The formula for At is seen to decrease in V2, and to
increase in D and W. This is intuitively correct, as
quicker sampling is reguired to "catch" events in qguicker
flowing aquifers. As accuracy increases, aquifers need not
be sampled so often.

MONITORING IN RESPONSE TO POLLUTANT EVENTS

Enhanced recovery groundwater pollutant events will
involve diverse pollutant-transport routes. Contamination
may occur as a result of well-casing leaks, spills of chemicals
or oils in holding tanks, or communication between subsurface
formations, for example. Each pollutant event will reguire a
unigue detection and monitoring program, in which sampling
stations are selected to conform with the expected speed and
direction of travel of the pollutants, sampling intervals
conform to the expected rate of degradation of the pollutant,
and analytical procedures are selected according to the chemical
nature of the pollutant. This discussion presents an overview
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of the transport models that can be used in the design of a
sampling program to track a pollutant event.

Information Needs

The detection of groundwater pollutant events should
not be a statistical question. That is to say, chemical tests
should be chosen so as to delimit very clearly between pollutant
events and normal circumstances, such that it is unnecessary
to filter out "noise."™ To determine which chemical tests
should be performed to detect EOR chemicals for accidents at
site, it is important to collect the following information:

© A table of "likely" concentration levels of EOR
: chemicals in every EOR process in injected and
produced waters, in addition to levels in the
reservoir formation.

o A table of contamination scenarios, listing for
- each scenario the groups of pollutants that are

likely to be released together, concentration
estimates, and relative mobilities. For example,
a leaky injection well will result in pollution by
EOR chemicals at full strength, but little brine
or 0il contamination; fractures in the formation
will result in higher levels of brine and oil and
less of EOR chemicals. Brine contamination
travels much more quickly than polymer does.

o A summary of the relevant EOR chemical degradation
processes and by-products.

o A table of "likely" background values for TDS,
BOD, TOC, Methylene Blue Active Substances, etc.,
in the local aquifers.

The above information will allow one to discern which

chemical tests have high detection power for a particular
pollutant event.

It is important to realize that once this information is
assembled and tests are selected for the monitoring program,
little attention will have to be paid to the collection of
baseline data.

Classing EOR Pollutants According to Physical Properties

Surfactants and polymers are used in enhanced oil recovery
because they decrease the mobility of injected water (and
therefore the rate of flow through porous rock), thereby better
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matching the mobility of injected fluids with that of the
reservoir oil. Because of the alteration in fluid properties
brought about by even the small concentrations of polymers

and surfactants in conventional water, models of contaminant
transport in aguifers are inappropriate for modeling pollutant
events involving these chemicals. Conventional models of
miscible transport, such as those developed by Pinder (Brede-
hoeft and Pinder, 1973; Gray and Pinder, 1976; Bender et al.)
can be applied to brine and biocide contamination. A summary
of the classes of models (miscible, immiscible, fluid-altering)
is provided in Table 18.

TABLE 18. POLLUTANTS AND CLASSES OF TRANSPORT MODELS

Classes
of Models Miscible Immiscible Fluid-Altering
Pollutants Biocides 0il Polymers

Brines Surfactants

It is important to realize that these models may be
combined to model any combination of pollutants escaping
together or separately.

In the next few pages, the following information will
be given for each of these mocdels:

1) A summary and explanation of the mathematical
equations

2) References for computer codes, numerical solutions,
and in-depth explanations

3) A summary of the data necessary to operate the
models .

Overview of the Equations

From a physical perspective, all the models to be
discussed are derived from three equations: those of
(1) mass conservation, (2) Darcy's law, and (3) convection-
diffusion. Mass conservation is a physical law, while
Darcy's law is an empirically verified principle (not unlike
Ohm's law); the convection-diffusion equation resembles
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a mathematical model, as it combines several diffusion mech-
anisms in one equation.

Definition of Terms

The effective porosity maximum éo(x) of porous rock is
defined as the fraction of rock volume that may be filled by a
fluid. Only connected pores contribute to effective porosity.

The pores may be filled wholly or partially by fluids.
In an oil-bearing formation, these would be brine and oil;
in an aquifer, water. The saturation S(x) with respect to a
given fluid is defined as the fraction of available pore
space occupied by the fluid at point X.

The capillary pressure Pc is defined as the total pressure
within the pores due to all fluids.

The relative permeability kri is a function of the

saturations of other fluids present in the pores, which ranges
from 0 to 1. It must be determined experimentally from cores.

Immiscible Flow Equations

Overview=--

To model the flow of immiscible fluids in porous media (o0il
in water or water in o0il), two mass-conservation and Darcy's-law
equations are used, one of each for the miscible and immiscible
phases. The equations are coupled by relations between the
pressure and saturations of the wetting and nonwetting phases.
It is important to remember that there are only two free
" variables in the equations. These may be thought of as Sy,
the water saturation, and Py, the pressure due to water.

These twg variables are determined by two partial differential
‘equations. The equations are developed in Appendix C.

Equations C-6- and C-7 are combined mass-conservation and
Darcy's-law equations; equation C-9 says that between the
wetting and nonwetting phases, all available pore space is
filled. Equation C-8 states that the capillary pressure is a
function of the water and nonwater saturations, and that the
water and nonwater pressures contribute to it with opposing
signs. This has been experimentally verified.

Together, equations C-6 to C-9 make up two equations in
two unknowns. '
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Uses == .

Equations C-6 to C-9 are used to model oil pollution of
aquifers. Solving the equations gives the water saturation
in the formation, which can be used as an element in a
miscible~flow equation if there are pollutants dissolved in
the water.

Data Needs--
A summary of the parameters that need to be determined to
specify the model is given in Table 19.

Of all the parameters, g is the most difficult to determine.
References--

The book by Peaceman (1977) contains a complete explana-
tion of the immiscible~flow equations.

TABLE 19. DATA NEEDS FOR IMMISCIBLE-FLOW MODEL

Parameter How Determined

a (thickness of formation) Geologic maps and cores

D (depth of formation) Geologic.maps and cores

Determined experimentally
from cores

Po(Sy) (capillary pressure)

Krw(Syw) (relative
permeability)

q(x) (source or sink term)

¢e (effective porosity)

Determined experimentally
from cores

Must identify sources of con-
tamination (fractures, bad
wells, etc.), from geologic
and hydrologic maps and pres-
sure test cores

Determined experimentally from

cores

Miscible-Flow Equations

Overview=-"

The miscible-flow models couple one mass-conservation-
Darcy's-law equation with a convection-diffusion equation.
The mass-conservation-Darcy's-law equation is used to
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establish the distribution of groundwater velocity within

the aquifer, and the water saturation. These two variables

are then used as input to the convection-diffusion equation
that models the concentration of pollutant within the ground-
water. It is important to realize that the miscible-flow
equations assume that water mobility and density are constant
-- that is, that increasing concentrations of pollutant do not
change these values. This assumption does not hold true for
surfactant and polymer pollutants. The equations are developed
in Appendix C.

These relations must be empirically determined for the
polymers and surfactants under consideration. The result is
that equations C-10 (Darcy's Law equation) and C-13 (convection-
diffusion equation) must now be solved simultaneously instead
of independently. The mobility effects of equations C-14 and
C-15 are likely to be important, as the presence of polymer in
groundwater will slow its movement through rock. It must be
realized that this effect may well be permanent; i.e., ground-
water flow after a pollutant event is likely to be slower than
before the event, even after polymer levels have subsided.
This is because polymer clogs rock pores, decreasing perme-
ability. This is the essence of equation C-14.

Uses =-- :
Equations C-10 to C-13 are used to model brine and
biocide pollution of aquifers. With equations C-14 and C-15
added, polymer and surfactant pollutant events may be

‘modeled.

Data Needs--
) A summary of the parameters that need to be determined
to specify the model are given in Table 20.

References--
The book by Collins (1976) describes the miscible-flow
model, including polymer-mobility effects..

FPluid Altering Equations

Where the pollutant is polymer or surfactant, equations
C-14 and C-15 must be added to account for changing water
mobility and density. Data are obtained from laboratory
flooding simulations employing the polymer or surfactant.
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TABLE 20. DATA NEEDS FOR MISCIBLE-FLOW MODEL

Parameter

How Determined

Normal Case

e (thickness)
D (depth of formation)

Po(Sy) (capillary pressure)
K (bermeability)

¥ (viscosity of groundwater)
¢e (effective porosity)

Sy (water saturation)

Polymer and Surfactant Case

x(c) permeability

p(c) (viscosity of ground-
water)

Geologic maps and cores
Geologic maps and cores

Determined experimentally
from cores

Determined experimentally
from cores

Water samples
Cores

Hydrologic maps and cores

Experimentally from cores

Viscometer

-83=~



SECTION 9

BASELINE DATA ON GROUNDWATER QUALITY

INTRODUCTION

To establish a baseline for the groundwater-quality
monitoring of EOR projects, data representative of the areas
in which present or future EOR activity is taking place are
needed. Rather than raw data, the required information is
in the form of regional statistics. Such statistics can be
used in the assessment of problems at specific oilfields.
The steps in the development of useful regional statistics
are as follows:

1. The selection of counties in which groundwater-
monitoring data are to be collected.

2. The display, on 1:500,000 scale hydrologic unit
maps, of the spatial placement of monitoring
stations within each county.

3. The selection of a statistic to estimate the
"average" groundwater quality within a particular
cluster of stations.

4, The taking out of seasonal and other trends in the
selection of..a statistic, to produce a residual
variance, og. :

A discussion of the procedures to be used in each of
these steps follows.

SELECTION OF COUNTIES

From the 0il and Gas Journal EOR Annual Report of

March 28, 1980, four counties were selected as representa-
tive areas of present or future EOR activity for initial
tabulation in this report:

Osage, Oklahoma
Stephens, Texas
Wayne, Mississippi
Kern, California
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The USGS National Water Data Exchange (USGS/NWDE)
provided a retrieval of the locations and monitoring fre-
guencies of all groundwater monitoring stations in these
counties. That information is tabulated in Appendix D.

DISPLAY OF SPATIAL PLACEMENT

The USGS can provide printouts that include latitude
and longitude, monitoring frequency, and station ID numbers.
From this information, the USGS/NWDE can provide plots of
the spatial location of the stations within selected counties.
This information can be obtained from the USGS in Reston,
Virginia.

SELECTION OF A STATISTIC

The "average" water quality from samples taken at irregu-
lar spacings and times (as is likely for the data of concern
here) is estimated in a geostatistical procedure known as
"kriging."”

'Kriging involves the selection of Aji's in an
estimator of the form:

N
i=1

so as to estimate

- 1J

K= A W(X,Y,t*)dXdy

That is, the average concentration of W over the area A at
time t¥*.,

The characteristics of the kriging estimator are:

1. unbiasedness under the assumption of W a

constant.
2. least variance among linear estimators.

See the David et al. (1976) reference for "hands-on" use.
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TREND ANALYSIS

Groundwater literature indicates that seasonal trends
are a possibility. These trends have been observed on
several occasions in nonpolluted groundwater and have
increased in severity after a pollutant event; that is,
these trends may well be better expressed as a percent
change from the average rather than as an additive factor.
A trial regression might be:

Mi§ = ;ajsi + ejj

where
ri4 = the kriging estimator in year i, month j.
% = the average value for concentration
a4y = the month effect
8i = the year effect
ejj = an additive error term (the literature

supports the idea that the term is in fact
- additive).
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SECTION 10
RECOMMENDATIONS

This report sets up a framework for statistically
valid monitoring of enhanced recovery projects. Monitoring
conducted in accordance with this framework at geographi-
cally separated sites will be comparable for the purposes
of evaluating regional and national conditions and trends.
However, this report presents only a preliminary outline for
groundwater monitoring programs.

The following are recommendations for further work
needed regarding the assembly of groundwater quality infor-
mation for enhanced recovery projects:

o

Identify Projects That Regquire Monitoring: Review

ongoing and planned EOR, EGR, and tar sands projects.
Select those projects that are most likely to impose
groundwater gquality degradation. Rank the remaining
projects according to potential groundwater gquality
impacts. Obtain a complete prioritized listing of
EOR, and tar sands projects in order of need for
monitoring. ’

Identify Susceptible Regions: Review the regional*

distribution of EOR, EGR and tar sands projects.
Evaluate the regional environmental issues, existing
environmental quality and groundwater use. Prioritize
regions regarding the need for monitoring. Organize
the prioritized listing of project by region.

Select Trend Monitoring Sample: Develop a statis-

tically based sample of projects, based on compart-
mentalization of the sample by region and by inferred
pollution potential.

Select Initial Sample: Select a small set of

projects for sampling. This initial set of from one
to five sites should be selected based on the
accessibility of the site, the availability of
existing wells to use in the sampling effort, and
the anticipated costs of sampling at that site.

*Regions to be defined in terms of oil production areas.
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o Develop Sampling Plans for Sample Set: Design
site specific sampling plan for the initial set of
sites based on the monitoring guidelines presented
in this report. These plans should account for the
engineering and geological peculiarities, if any,
for the selected projects.

o Develop Cooperative Sampling Procedure: Working
with the DOE and the industry, the EPA should
develop a workable plan for conducting monitoring at
the initial sample of stations and on a nationwide
basis. '

© Training: EPA and DOE should jointly develop training
programs for federal, state and industry personnel
who will be responsible for carrying out the EOR
monitoring programs.

In addition to the work recommended for the implementa-
tion of a groundwater monitoring program, the following more
general activities should be undertaken to complement the
topics covered by this report:

0 Water Usage Monitoring: A program needs to be
developed to account for the water usage by EOR and
EGR projects. This will need to take the form of
monthly tabulations of water usage by projects as
compared with unallocated water supplies at that
locality.

o Produced Water Disposal Formations: An information
base needs to be developed and kept updated regarding
the usage of subsurface formations for produced
water disposal, and the volumes disposed of at each
formation.

© Monitoring Programs for Related Technologies:
Tar Sands, Heavy Oil Mining. The EPA Las Vegas
laboratory has developed detailed protocols for the
monitoring of wastewater from oil shale projects
(Todd et al., 1976, Slawson, 1979). These protocols,
together with this report need to be extended to the
tar sands and heavy o0il mining technology areas.
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APPENDIX A

WORLD OIL'S 1979-80
GUIDE TO DRILLTING, WORKOVER AND COMPLETION FLUIDSI

Reprinted courtesy of World 0il, June 19789.

lNote: These are generally oilfield fluids, used
in conventional as well as enhanced recovery, many of which
are common harmless chemicals. This list is included for
completeness.
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ALKA-LIG 007 Cauticized lignite X X X X X X ) -] P American Mugd
ALUMINUM STEARATE  Aluminum stearate X X X X . X ] Most comoanies,
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non-dispersed muds
AMOCO KLA.FREE QOrganic biopotymer dlend X X X X X X X [ E) $ S P Amoco
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ANTIPREX A Scaie nhibitor X X X X X X X P Allieg
APC Nonpotlyting luoricant X X X X X X X P S Chemco
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APS.2 Water baseq spacer fuid X X X X X X X x X Wastern
AQUAGEL ‘Nyorming bentonite X X X X X X X P S Jaroic .
AQUARL Polyrneric tor clay tree fluids X X X 14 e P Brnacg
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ARCDO BLEND Blenged lignosulfonate com- X X X X X S 4 Arnolg & Clare
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ARCOFIBER Fiorous matenai X X X X X X X 14 Arnoig 4 Clarxe
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ARCO FLOC Floccuiating agent X P Arnolg & Clarxe
ARCO FOS Sadium tetraphospnate X X X X X e Arnoid & Clarxe
ARCQ FREE Qil solubie surtactams X X X X P Arnoig & Clarie
ARCO GEL Bentonite X X X X s P Arnota & Clarke
ARCOLIG Mined hgnite L O 4 X x X X S ] Arnoid & Clarke
ARCOLOID Pregsiatinized starch X X X X X Arnoid & Clarke
ARCOLUBE Extreme pressure-ubricants X X X L4 ’ Arnolg & Clarke
ARCOMERSE - Sodium saikylaryl sultonate X X x x X X X P Arnoid & Ciarke
ARCOMICA F Ground mica. fine X X X x X P - Arnota & Clarke
- ARCOMICAC Ground mica. coarse X“X X X X X X X X P Arnotd & Clarke
ARCOMUL Primary emuisitier tor invert X X 4 : Arnoig & Clarke
’ mugds
ARCOPARA Paratormaicenyoe X X 4 Arnoig & Clarxe
ARCO PERMALOID Non-termenting starch X X X X X X P Arnoig & Clarke
ARCOPLUG:FMC Groung Weinut Sheiis X X X X X X X X P Arngtg & Ciarxe
ARCOSEAL Cellcphane X x x X X X x X P Arnoia & Clarke
ARCOSOL Non.iomic gnionic.emuisifier X X X X X X P Arnoid & Clarke
ARCOTAN _ Quebracho compound X X X X X X [ [ Arnold & Clarxe
ARCOTONE Causticized lignite X X X X X P P Arnola 8 Clarxe
ARCOTAIM Biend of surtactants X X x x X X P Arnoig & Clarke
ARCOTROL Stadilizer tor oil muds X X P Arnoid & Clarxe
-ARCOVAN Hi-temperature stabihizer for X X 4 Arnoia & Clarke
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ARCO WIS Viscosity and get builger tor X X P Arnold & Clarne
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ARCOWATE Caictum cardonate R X X P Arnotd & Clarke
ARCOWOOL Fiprous mineral wool X X X X X X X P Arnoid & Clarke
ARGISIL 5 8 T Artapulgite clay ar sepiditte X X ] 14 S.FD8
ASBENIT EXTRA Crysotyil X X X x x x X . 1 UBM
ASBENIT xP Fine Asnestos X X X X X X P s yam
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ASP-222 : " ‘Corrosion inhibitor X X X X X X X x : P wisco
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o CONCENTRATE recovery pack ’
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ATLOSOL Amonic ur X X X X P P S Milchem
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ATLOSOL S Nomonic emuisifier X X X P $  Mucnem
ATTAPULGUS DRILLING Anapuigite Clay for X X . 4 Engeinard
CLAY 40 tor oil mud’
ATTAPULGUS DRILLING  Attapulgite Clay X X X X 4 Engethard
CLAY 150 -
ATTAPULGUS DRILLING  Predispersed attapulgite X X X X X P Engeinhard
FLUID clay liquid X
BACTIRAM Bactenicide X X X X X X P CECA
BACTIRAM 443 Bactencide (suilatereducing) X X X X X X X P CECA
BACTIRAM a71 Corrasion inniditor and X X X S P CECA
bactericide .
BACTRON K.22 Sactericide : X X X X X X X P Cnamoion
BACTRON K. 31 © Bactericide X X X X X P Champion
BACTRON KM-4 , Bactericide X X X X X X X P Champion
SACTRON KM.§ Bactericide X X X X X x X X P Champion
BACTRON KM.7 Bactericide tor high wt. brine X X X X X [ : Chamoron
BANSLUFF Aspnattic Compoung X X X X X X X P ® S P DOrigmud
BARABUF oH Dulfer tor ciay free fluids X X X X X X P Barowa
BARACARS Acid soiubie graded caigium X X X X X : S P 14 Barotd
caroonate
BARACOR A Corrosion inniditor X X X X X X X S P Baroig
BARA DEFOAM 1 “ Surtace active defcamer b3 X X X X X P b Baroid
BARAFLOC Clay ttoccutant . : X P . Barowg
_BARAFOS Sodium tetraphosphate X X X S P S . Barorg
BARAVIS Syntnhetic ceiluiose X X X X-X X X 4 Barowd
BARAZAN Suspension agent X X X X X'xX X P P Baroia
BAR.GAIN . Mign specitic gravity X X X X X X X X P Baroia
: weighting agent :
BARITE © - Qroarytes. offeredundermany X - X X X X X X X X . e Most compames
) {radenames. native banum
suifate
BARITE MUDBAR Barum suiphate and bante X X X X X X x X . P Egemsarda
BARITE MUDHEMA Barite and hematite X X X X X X X X P Edemsaraa
X X X X X X . 4 - Mostcomoanies

BARIUM CARBONATE Barium carbonate X
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BASCO 50 Nontermenting starch X X X X X X X [ 4 S Barwum
BASCO 300 Chrome iignosuttonate X X X X X X X s s [ Beriym
BASCO BEN Clay extender X X X P : P sarum
BASCO BESTOS Inorganic wiscosilier x x'x X X - P Barum
BASCO CAU-LIG Caustucized hgnite X X X X X X ) S s P Bariym
BASCO CELLOPAC HMigh moleculsr weight poty- X X X X X X X 1] P [ 4 Bariym
smonic cetluiose polymer
BASCO DEFOAMER Hi atcohot X P Barnum
BASCO DEFOAMERS X X P S Banum
BASCO DOUBLE-YIELD  Miyielg Dentonite X X P P Banum
BASCO DRILFAS Orining mud detergent : X X X X X X $ S P Barium
BASCO DRILFLO Ferrochrome hignosuitonate X X X X X X X H ] 4 Barwum
BASCO DRIFLOC Cigy floccuiant X P Barium
BASCO DRILMUL A i sur X X X X X X X S Barium
BASCO DRILUBE Oresei substitute X X X X X X X [ P 8arium
BASCO FILTER RATE Agphaitic compound X X X x X X X P S P S Barium
BASCO FIBER Shregded cane fiber X X X X X X X [ Barum
BASCO FLAKE Fragmented celiophsne X X X X X X X X X 4 Banum
BASCO GEL Bentorite X X X X X x X P S 4 Barum
8ASCO LIG Lignite X X X X x X S ] P Barium
BASCO LUBE-X Hign pressure lubricant X X X X X X X P Banum
BASCO MUD Sub-bsntonite X X X X X X X [ [4 Barium
BASCOR Oit bn-o muo stadilizer X X L 14 Banum
BASCO PPE FREE Surtactant-mix w/diese! 1o X X x X X X X Xx Banum
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BASCO PLUG Processed nut huiis X X X X X X X [ 4 Bariym
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BASCO SALT MUD Attaputgiie ciay X X P Barium
BASCQ SURF Oritiing mud detergent X X X X X X $ S [ 4 Barum
BASCOT Qil mug stabilizer X X [ " Barwum
BASCO WATE BArnite {barytes) X X X X X X X X X P Barium
BASCO Y Qit mug gei aaditive X X S Barum
BC 10 Compound chromo . X x X x X X X P S P Avedene §
lignosuifonate CECA
800 Bentorte diesel Ol sturry 14 Hailiburton
BEN-EX Potymer. floccutant ang X X X X P P ROS! anc
clay extender ECCO
BENGUM Gum-bentonite-diese! Oil P Halhburton
BENTOBLOC Time setting compound X X X X X xXx X X X X [ 4 CECA
BENTONE 34 Ogranophilic clay X X P CECA
BENTONIL C. Bentonite X X X X X X P P P SFDB
BENTONITA VISC. Extreme high yieiding X X X X X S 14 usm
MPL EXTRA
BEX Polymersc clay free fluigs X X X 4 Brinaad
BICARBONATE OF SODA Sodium vicarbonate X X X X X X H] P Most compantes
BIOMIBIT B-711 Bioticte X X X X X X X 1.4 § S C-ENaico
BIOHIBIT B-712 Biocige X X X X X X x P C-E Natco
Bi10MIBIT B-717 Biocide X X X X X P C-E Nateo
BIOTROL Liquid biociae X X X X X 4 P Montelio ang
BIT LUBE Extreme pressure iubricant X X X X .4 Magcobar
BLACK MAGIC Basic oil base mud conc. x s S 4 S S O+ Base
(mtgr. mixed)
BLACK MAGIC PREMIX  Basic oit base mud conc. X $ S P S Oil Base
{mtgr. mixed)
BLACK MAGIC Basic vil base mud conc. for hi X s S P ) Qil Base
SUPERMIX wt. and temp. (mtgr. mixed)
BLACK MAGIC Sacked oil base mua conc. tor X X s S 4 s s S Ol Base
SUPERMIX wt. 3nd temg. (1ocation mixed)
BLACK MAGIC “Sacked fisning tools. oilbase X X X X X X X X P -~ Oil Base
SUPERMIX.SFT concentrate. iocation mixed
BLACK MAGIC Sacked oil base mud conc. X x S P S S S  Oil Base
UNIVERSAL tor locanon mix
BLANOSE Sodium carboxymethyi cellu- X X X X X X X X P S ‘CECA
lose avaigdie in high and ltow .
. viscOosity. technical and pure
rage
BLANOSE CMMEC Carpoxymethyt hydroxyethv! X X X X X X X X s P s Hercuies
celiulose
BLOCK BUSTER Surtaciant P Magcobsr
BM.NITE Chrome lignite X X X X X X P P S Teinite
BORE-TROL Shaie. hole. HT/HP fluig X X X x X x X X P P P 14 Messing
loss control agent
BREAK Defoamer tor ciay free fluias 1.4 8rinago
BRIDGE-SAL Poiymer dispersant and X 4 Texas Brine

sized sait biend
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SRINE-GARD HaS scavenger X X X X X X X P 8rinadd
SRINE.OX Qxygen scavenger X X X X X x X P 8rinadd
8RINE.PAC Carrosion inniditor far solids X P . Milchem
free packer fluids
BRINE SAVER Git fluig-oss additive X X X X X X P Qaweil
lor brines - .
BRINEFOAM Surtactant X P * Brinadd
SRISTEX Pig hair tristies X X X X X X X x X p Bristex
BRIXEL Ferrochrome lignosuitonste X X X X X X s 4 e‘éeco:ne
BRIXEL 2B Ferra-lignasuitonate X X X X x X X S P Avepens :
moditied -CECA
BRIXEL JE Sogium FerroChrame Ligno- X X X X X X.X S ] Avebdene &
suifenate mogitied CECA °.
BRIXEL ECO Ferro-lignosuitanate X X X X X S ] P Avepene .
moditted- . CECA
BRIXEL NF 2 Ferrochrome X X X X x X s S S P Avepens -
lignosuitonate CECA -
SUCAL Shate controt reagent X X P Arnatld & Clarke
8W BAR Barytes X X X X X X X x X P 8w Myd
W CHAQOME.FREE Qechramed lignosuifonate X X X X X X X s P B8W Mud .
BWCLAY Wyoming bentonite X X X X X S P W Myd
B8W CLN Chrome lignite X X X X X S 4 o IW Mug
8swoTr Concentreted mud X X X X X X X S 14 SW Mug
detergent
W TMUL lnvert smuisttier X X P awW Mya
BW EMUL-FL Suppiementary emuisifier X X s 4 BW Mudg
4 filtration control agent :
tor invert emuisians
aw EMUL.VIS Gelling agent tor invert X X S P W Mua
emuisions
BW EXHI-CELL Purifind. Nigh moteculiar X X X X X X P P 8W Myg
weight carpoxymetnyl
celiutose -
BWFCL Ferro-Cirome X X X X P BW Mua
lignosultonate
B8W HEC Hydroxy ethy! ceilulose X X X X X L] 8W Mug
BWHI.CELL High molecular weght X X X X X X P P B8W Mua
. -$00ium CRrooxymetnyl -
celtutose .
sWHMT.LOID Temoperature statle X X X X X 4 8w Mugd
modified starcn .
- BWINHIBITOA 351 Corrosion inmibitor ang X X X X X ?  B8WMud
bactencide .
BW LO-CELL Megium molecuiar weignt X X X X x X P s B8W Mua
sodium carboxymetnyi . '
cofluioss
awLuse Sigdegraaadle iubnecant X X X X X X-X [ aw Mua
BW PIPE.LOOSE Surfactant to be mixed with X X X X X X X aw Mug
. diesel oil t0 free stuck pige
BW POLYSEALER Non.viscositying fluid X X X X X X X ] BW Mug
. 10ss reducer
BW RESINOIL Qil sotubie resin. fluig X X X P . 8W Mud
10ss control agent
SW AMEOCAP Potymenc shale encaosutator X X X X X 1 S 8W Mua
8w RMEQCELL High motecuiar weight X X X X X X X s S P S o aw Mua
polyaniome celiviosic
colymer .
BW AMEQDRAILL Potymeric viscosifier X X X X X X X S 4 aw Mua
BW RAMEQFLOW Migh motecuiar weignt X X X X X X X s S P S P 8W Mua
polyanionic celluiosic
patymer .
8W SAFESEAL Particte nzed calcium X X X X X X X X X P S W Mua
carbonate
BWSALTCLAY Attapuigite ctay X X X X X P 8w tMua
8W SCALEFREE Scale inmditor X X X X X X X P BWMug .
BwW S-L0I0 ’ Prageliatiniseq starch X X X X X x X P ~ 8w Mud ’
CALCIUM BROMIOE Calcium dromiger calcium’ - ® S DeitaMuc
chionde (liguid blend)
CALCIUM CARBONATE  Catcrum carbonate X X X X X X X X X P P Most compamies
CALCIUM CHLORIDE Calcium chionde X X X X X X P S P L4 Most comopanies
CALGON x-9 Oxygen scavenger-powgered X X X X X X X X X T @ Water Tacn
CALGON X.10 Powdered inorgamc mertaiic X X X X X X X x X A Water Tecn
comgaund
CALGON Xx.100 - Liquid inorgamic metaliic X X X X X X X P "‘'Water Tecn
comgouna’
CALGON X.9017 Quygen scavenger-iquid X X X X X X X X X P ‘Nater Tecn
CALGON x.330 Qrganic inmitor X X X X x X X X X P Water Teen
CALGON Y-S5LT Liquid saitinniditor X P Water Tech
CALIG Caicium lignosuifonate X X X x X X S S e COAHMMC
Gypsum csment P Halligurton
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CALTROL Shale contret innigror x p Mitenerm
CANAFLEX Snregoed cane libers X X X X X X X 14 ugm
CARBOCEL cmC X X X x X X X H 14 ] s Lamobert
CARBO-.FREE Vanadpiegensity ol phasespol- X X X X X X X 14 s Micnem
ting fivid concentrate to free -
Stuck pipe .
CARBO.GEL invert suspenading sgent. - P Mitchem
vigcosilier
CARBO-MUL Liguid oil pnase mug emulsitier X [ s Milchem
ano wetting agent
CARBONOX Lignitic matenial x X X X X P P Baroic
CARBO.SEAL Mogcitien nycrocaroon X L4 Mucnem
CARBOSE Sodium carbosymetnyl X x X X X X s P s ] BASF wyangotte
celiutose
CARBO-TEC L Hign temp. w/o emylsitier tor X P Miichem
o1l phase myds
CARBO-TROL Fittration control agent tor oil X Milchem
phase muds -
CARBOX S Caroosilic polycarponate X X X X X X X $§ § P Oruisate
dispersant
CARBWATE Caicium carbonate (oarticle 4 Bnnaog
. sized) {or clay free fiuias
CARNA.MUL Suppiemental saditive for X X P Mized
o1 muds whiie driling
carnailite sait :
CASCANIT Processed nut hulis X X x x X x X P UBm
CAUSTICIZED LIGNITE North Dakota lignite X X X X X X P Wyo-Ben
teausticized)
CAUSTIC POTASH Potassium nydrate X X X X X X [ Most companies
CAUSTIC SODA Sodium hygdroxide X X X X X X X X P S S Most compames
CAUSTI-LIG Causticized ignite X X X X X X X P Magcobsr
CC.16 Sogwum san of lignitic materis! X X X X X s P P Baroid
CEASCAL Acid soluble seater for 1ot X X-X X X P Magcodsr
circuistion
CEASTOP Acio so!utlm 031 circulation X X X X 4 [ 4 ] Magcobsr
mateng
CECA D.O. Oniling mud detergent X X X x X X X s P CECA SA
CECA DETERGENT Driling mud cetergent X X X X X X X s s P CECA
CECABAR Bante : X X x X X X X P CECA
CECAL Ground aimong hulls X X X X X x X x X P CECA
CECALIG Chrome lignosultonste X X X X X X X H S L CECA
CECAMIANTE Inorgamc viscosiier X X X X X X X P CECa
CECAMIDON Pregelatinizeo starch X X x X X x X P S S CECA
CECAPERL Expanced periite X X X X X X X X P, CECA
CECARB Caicium cardonste X X X X X X X X S 4 CECA
CECBRINE A Acta soiuble workover X X X X X X s s P CECA
CECBRINEB Acid soiubie fitrate X x X X X 4 CECA
reducer 10r cecbrine A ’
CECFLOC Clay fiocculant x X X X P S CECA
CECFLOCHT Clay lioccuiant-nigh temp. X X' X X X P S CECA
CECGUM Naturs! potymer X X X X S S [ CECA
CECLUBEP Extremnae pressure ludricant X X X x X 4 CECA
CECMER . Carboxymetnyi cetiuiose X X P S CECa
CECNUT - Ground wainut huils X X Xx X X X X P - CECA
thne and cosrse)
CECOL Ground olive stones X X X X X X X x X [ CECA
{tine ang coarse)
CECPAQ Compination of granuies. P CECA
and tibers
F Fine
. G Coarse .
CECPAQS Acid soludie lost circulation P CECA
matensi
CECPHANE Shredaed ceitoohane X X X X X X X 14 CECA
CECTAN Alomized quedracho X X X X X X S P CECA
CECWOOD Shredaed wood tiber X X X X X X X X P e CECA
CEDAR SEAL Processed ceoar tiber x X X X X X P Most companies
CEGAL Leao suitice powaer X X X X X X X X P CECa
CELATEX Groung rudber (fine, medium X X X X X X P CECaA
snd coarse)
" CELATEXN Ground negprene (fine. X P CECA Sa
medium & coarse)
CELFLAKE . Fibrous celiutose X X x x X X X x 14 Drilisate
CELLEX Sodium carboxymethyi X X X X X X X P H Baroi¢
ceituiose
CELLOFLAKE Shreaged celtopnane X X x X X X X x 4 Drinsate ano
ECCO
CELL-O-SEAL Snreaceo cellophane X X X X X x X P Magcobar
CELL-O-SEAL Cellophane fiakes X X X X X x X x X P Western
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CELLOSIZE Hydroxyetnyi ceiluiose - P Magcooer
CELOFLEX Shregoea ceflopnane X X X X X X p UBM
CELPOL Long cnain gotyanigme ceilu- X X X X X X X S S 4 P Nyma
tosic polymer
CELPOL SL Patyamanic ceiluiosae polymer X X X X X X s S P P Nyma
CF Antgmc foaming agent X X X : . P P Carginai
CF.2 . Neutrai ftuoraihydrocaraon X X. P - P Carainai
toamer . . .,
CHALKSEAL Acid sofuble fibers X X X P Origmug
CHALK-SEAL Setect blena of X X X X X X X.X X P Mizeit
acidizable lost
circulation matenals
CHEMCO APC Non-poiluting iugricant X X X X X X X P S Chemco
MUO LUBE . .
CHEMCQBAR' Banite X X X X X X X X X ] Chemco  *
CHEMCO FREE LUBE Surfactant matenal to be X X X X X x X X P Chemco
. : mixed with diesel ol to
. free stuck oige
CHEMCO GEL Wyom:ing tentonite X X X X X X s 4 Chemco
CHEMCO LOD Fluid detergent X X XX X X X P » Chamco
CHEMCOLIG Lignite X X . X X X S P [ Chemeo .
CHEMCO LIGNO- Lignosuifonate X x X X x x x X S R S A Chemco .
SULFONATE 727 .
CHEMCO NQ FQAM Liquid anufoam agent X X X X X [ Chemco
CHEMCO NO SLUFF Sulfonated asanait . X X X X X X X S S L] s P Chemco
CHEMCO PLUG Ground nut huits X X.X X X.X X x P Chemco
CHEMCO SALT GEL Attaouigite ¢lay x X P Chemco
CHEMMIB &3 Filming amine P Bnanage
CHEMICAL V Non.viscous-organic {qa. to im. X X X S S S s P Qil 8ase
prove gei and combal ¢crude )
oil contamination in 8lack
Msagic
CHEMICAL W Non.viscous organic Iad. and X x X s s s s P Oil Base
Btack Magic thickening-agent .
CHEMICAL WASH 7 Mud preflusn for cementng X X X X X X X S P Dowaeil
CHEMICAL WASH 100 Mud pgreflush tor cementing X X X X X X X X s 1 Oowell
CHEMTROL X Setected polymer biend X X X X X X P s Mitenem
CHIP.SEAL Shredded Cedar Fiber X X X X X X X P AMagcooar
CHROMBLEND Biena ot disgersant X X X X X X X e o Arnoid A Ciarke
CHROME.FREE Chrome tree lrgnite tor hugn X X X X X e TM.
temoerature service
CHROMELIG Chrome lignite X X X X X S ] P/ Arnoid & Clarke
ca Fitming amine X X X X X X X P . P  Texss 8rine -
CIDE-COR Biocide-corrosion intiditor X X X X X X X ] P Massina
CIRCOTEX Sized carbenates X X XX X X X X X P s Texas Brine
CIRCOTEX.MAX Sized carbonates X X X X X X X X X P- S Texas Brne
CKCIDEL. - Non-polluting dacterncide X X X X x x X P CECA
tiquial
CKCIQE P Non-paotluting dactericide X X X x X X X » CECA
{powger)
CKCL e ooty X X X X s s ] S CECA
CXMIX Qu-1nrwater emuision. X S S P CECA SA
waorkaver and comotetion
system
CLtr . Patassium sait of lignite X X X X X X X P P S Avanene
matenal .
CLAROCEL Celiulose fiber X X X X X X X X I CECA
CLARSOL ATC Attapuigits ctay X X e CECA
CLARSOLF32 Medium yiaid bentonile X X X X X x X X S P CECA
CLARSQL FBS Highn yeld Dentomte X X X x X X X X S P CECA
CLARSOL FB7? Seoralite clay X X e CECA
CLAASOL THA Super-bentanite XX X X X X X X s P CECA
CLARSOL wy Wyorming Bentomite X X X X X X X X s 4 CECA
CLA.STAY Comgletion & pertorating thuig e, Hatlidurton
CLAY-EX Bentgnite extender X X X X L Toe Arnoid & Clarxe
CLAY MASTER : Low M.W. polymer . X X X X X x X X P ‘Nestern
CLAY STABILIZER L42 Zrecomum sait solution 1o 4 Oowell
prevent clay rmgration
CL-CLS Chrome tignite-chrome X X X X X X X S P S P O1ue
ngnosuitonate
cL.CcLs Chrome igmite-chrome X X X X X X X K] s P Oeita Mud
ngnosuifonate,
CLEARS20 Surfactant tor removal of 0il X X P Barod .
mud Iost to tormation
CLEARATRON 7 Flocculant . X X x X x X P Chamoion
CLEARTRON B8-24 Figcculant sultide scavenger X X X- X X X X L Chamoion
CUNTON FLAKES Shreaded celloghane X X X x X X X x g Oowen
C-LOX L'quid oxygen scavenger X X X x X X X P Wvo.8en
[#%:1 Cnrome \gnasuitonate X X X X x X X S P ] B Mast compantes
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tmMe Sodwym carboxymetnyicsiiv. X X X X X X 4 $ Most companies
tose (oftered under many
tragenames and in many
praces|
CMMEC Dry or hauit viscosihier X X X X x X X S P s Dritisate
& titrer reoucer tor salt
mugs AN cament slurries: - -
CM.TH Cement decontaminant X X X X P ] Brinace
COAT.45 Suitige scavenger X X X X X x X P Barow
COAT-110 Amospheric COrrosion inniditor P  Barod
COAT-113 Oxygen corrosion nhibitor X x X X X X X X P  Barowd
COAT-122 Corrosion inhiditor tor ireating P  Baroid
soi:08 free pacxer fluids
COAT-190 Atmosphenc corrosion inhiditor P Bared
COAT-311 Ozygen corrasion inniditor X X X X X X X X P Barowe
COAT-415 - Fitming amine X X X X X x X X P  Barow
COAT.77? Onygén scavenger (liguid) X X X X X X X P Baroig
COAT-888 Oxygen scavenger (solid} X x X x X x X P Barow
COAT B.1400 Corrosion mnibitor ang biocide S P Barow
tor tresting soiids iree
packer uids
COLMACEL Ceitutose fiber X X X X X X X X X 4 CECA
COMP.PLUG Acid soiuble perticulate X X X X X X P Completion
suspension
CON DET Mug getergent X S ] Barowg
CORBAN Orgsnic corrosion innibitors X X X 4 P Dowell
COREXIT 7648 Inorgamic scate gissotver X X Exxon Chem
COREXIT 7652 Aniomc surtactant biend X X X X xXx x X X X P P Exzon Chem.
COREXIT 7671 Bactericide. concentrated X X X X X X X P Exxon Chem
sogium trichioropnenste
solution
COREXIT 7720 Corrasion inhiditor X X X X x X X X X P Exxon Chem
COREXIT 7754 Corrosion innibitor X X X X X X X X X P Exxon Chem.
COREXIT 7767 1norgamic oxygen scavenger X X X x P Exxon Chem
COREXIT 7815 Parsttin dispersent P P Exzxon Chem
CORTRON R.174 Organic corrosion inhibitor X X X X X x X X X P Chsmpion
CORTRON R.2207 Crganic corrosion inhibitor X X X X X X X ®  Champion
CORTRAON R.2284 Compiete brine packer fluid X X X X X x X s P  Champion
treatment
CORTRON RDF.18 Corrosron innibitor for mud X X X X X X X X X P Chamoion
CORTRON RDF.21 Filming amine corr. 1nh. X x X X x x X X X X P Champion
CORTRON RDF-100 Cataiyzed powdered oxygen X X X X X X X P Cnampion
scavenger
CORTRON RDF.101 Oxygen scavenger X X X x X P Cnampion
CORTRON RDF.109 Organic titrming innhiditor X X X X X X. X X X P Champion
CORTRON RDF.11% Corrosion inniditor X X X X X P Champion
CORTRON RDF.128 Oxygen scavenger X X X X X X b3 S Cnampion
CORTRON RDF-132 Aerated COrrosion innibior X X X X X x X X X P Champion
CORTRON RDF.137 Sultide scavenger corrosion X X X X X X X S  Champion
nniditer
CORTRON RDF.138 Corrosion infubitor tor X X X X X X X b 4 P Chempion
sersted muds H
CORTRON RU.70 Comptete mud packer fluic X X P Chsmpron
CORTRON RU.135 Aerated corrosioninniblitor X X X X X x X P Champion
CORTRON RU.137 Low solids corrasion inhiditer . X X X X X X P  Champion
CO‘I’TONSEED HULLS Cotionseed huils X X X X X [ Most companies
COUROFL Shrecaed iesther fiskes X X X x X x X P uBM
CNACKCHEK 97 Suitioge cracking inmbitor X X X X X X X x X ®  maliiburion
. CRODACAP Encapsuisting potymer X X X X x X 14 S COA/HMC
CRODACELL Viscositying polymer X X X X X X X S P COA/HMC
CRODAN Sodium polyacrylate X X X X X s P s COA/HMC
CRODAPOL 15 Poiyacryisrmde dispersion X X X X X X P s CDA/MMC
SRONOX.235 Orithng corrosion inhibitor X X X X X X X ~ P Aqguaness
CS-1 Polymer clay stabilizer X X X X 1] P Cargingl
CS.3 Clay ano silt suspendingagent X X X X s Western
CS0-50 One sack agaitive spotting X P Mizeil
tluid tor treeing stuck pipe
CSD-.50 SPACER One sack cement spacer X Muzell
CUTTINGS WASH Detergent i X X X 4 Am. Cyanamio
CYANAMER 244 A Drilling tluid additive X X X X X X X ] Am Cyanamid
CYANAMER 292 Low s01igs mud additve X X X X L4 P Am. Cyanamic
CYFLOC Syntnetic floccuiant X X X X X X X P 13 Am. Cyanamig
CYFLOC 4000 - Flocculant X X X X X X S 4 Am Cyanami¢
CYFLOC 4500 Fiocculant X X X X X X X S P Am Cyanamig
CYPAN Sodium-polyacrytate X x X X X X s P ] Am. Cvanamig
ang ECCO
B-AIR.1 Powdered antitoam sgent 4 Haitiburton



Recommended tar These Sysiems Fyncugning As
gy ; Water-pase o H e
]
Worlid Qil’s 1979-80 3 11 .
rhign 5 LR ) '_:
Fluids Guide === [ 1| AFFRAAE
> z Zla|le 1=l 3 -
u ’ s u ’ e T 2 8 2le| |21 HHH R
218l e St ois{z{a 21813 12(8({8) 15(5(Z
51313 HEIEIE S1S1&8 elolalelsiolzsi2|S|c]n|8]|2]E
N HHHHEID AN I HH AR
AT 2 al:l3 S{Els E1Z(&(z1elela Stélalais|gls
’ HHEBEH I HHNHE B HHEHHIHHEEHE
Product Tragensme Description ot Materisl clalald|fe|Slz|di<]e]a|d|S|3|2|E|e|S[&1al2]l3|5{31S]| Avauscierrom
D-AIR.2 Liquid anutoam sgent ] ’ Hallipurton
DAXQLITE Norih Oaxota ignite X . X X ) S s P Wyo-Ben .
- Drilling mud getergent X X X X X x X S 4 Magcabar
DEFOAM Clay free tiuids detoamer P - Sninaga
DEFOAMER ’ Liquid-non aiconol Base P RDSI
detoamer . .
DEFOAMER NO 15 Migner sicono! compound X X X X X P Teinite
DEFOAMER NO. 20 Sogium alkyt arvi sulionate X X X X X X 1] Tetnue
OEFOAMER RL2] Generat purpose detoamer X X X x X X X P CDA/HMC
QOEFQAMER RLS3 Sod 3w X X X X X X P CDAIMMC
DEFQAMER RLA3 Branchea higher aliconol X X x X P CDA/HMC
DEFOAMER VOF-135 Detoamer X x x x X X X X P Champion
OEFOMEX Detoamer P Lampern
DEL-BAR 8arite (barytes) X X X x x X X X X P Detta Mud
DEL-BRIOGE-8 Stenaeg CaCO4 tor dnine X x X S P Deita Muc
flnas
DEL-CIOE-8 Film torming amine and X X X X X X P P  Deita Mug
oactericige
OEL DEFOAMER Alcono! getosmer X X X X X X X P Oeita Muc
DEL.DET Mud getergent X X X X X X X L] P Oelta Mugd
OEL-FIBER Shredaed cane fiber biend X X X X X X X P Detta Mudg
DEL.FLAKES Shreadeq ceitopnane X X X X X X X P Deita Mu¢
DEL-GEL Wyoming bentanite X X X X X X X s P Deita Mud
OEL-HYWVIS.B Slended HEC lor brine fivigs X X X s ] [ Deita Muo
DEL-LIGNITEC Cnrome lignite X X X X X X S P 14 Deita Mud
DEL PAXK Calcium bromide/caicium ® S DeltaMuc
cnionae {hquid biend) _
DEL PEL Caicium chiorige (peltet or X X X P P S  DeitaMud
flaxe)
DEL.PILL-8 Hechignosultonste-CaCoy X S P Oetta Mug
siurry Diend for Drine flyids -
QEL-PLUG Groynd wainut or pecan hulls X X X X X X X 14 Delta Mug
DEL-SEAL-8 HEC-hgnosuylt X x X P S Deita Mud
biend tor brine fluids
DEL.S-GEL Attsguigite cxnz‘ . X X X P Deita Muc
OEL-V1S.8 Blenged HEC Cogtortrine X X X S 4 Detta Mua
fluigs
DESCO Organic mud thinner X X X X x X S s 4 Orili Spec.
ang ECCO
DESILTA Selective tiucculant X x X X P Amencan Mud
DETERGENT JO-1 Mud detergent X X X %X X X X S L] usm
DETERGENT #7 Orilling detergent (dry) X X X X X X X P Wyo. Ben
OETERGENT #1139 - ‘ X P .S Xing
DEXTRID Organic polymer X X X X X 4 . s Baroid
OFM Polyaiconc! detoamer X X X P Texas Brine
OICASQORS Shredaed oil absorving X X Oelta Mua
material
DIAPLUG Fitter aid materiat X X X X X X X X X P Messina
DIASEAL M Mixture of fiiter gi@ materials X X X X X X X X X e Drill Soec.
DICKS MUD SEAL Shredded organic fiber X X X X X X X X X e Wyo- BE':: co
and
CIEAATH Distchaceous earth-graded X x X x X X X X X X P COA/MMC
DIPEL 421 Potymer for caicium contro! X X X . 4 Am. Collod
DISPERSOL C Modgitied lignosuitonate X X X P Avebene 8 CECA
DISPERSOLN Moagified tignosuifonate X X X X X P Avepens & CECA
DMA LIGNITEC Causticized lignite X X X X X S P s Oritt. Agd.
OML.2 Water soluble biodegragatie X X X X X x X 14 Deita Mud
non-poliuting iubricant .
omMs Drilling mud surtactant X X X X X X S S P Aguaness
oms Drilt mud surtactant X X X X X X X s s 4 = ROS!
00S.3 Oieset 01l substitute X X X X X x X S P Magconar
00s.22 Orilling mud lubricant X X X X X X P S Origmuag
DOW CORNING Silicones X X X 4 Tretotite
OOWELL Bactencide surtactant X X X X X X e S S  Dowell
BACTERICIDE 400 RN
DOWELL - Bactericide X X X X X X P S Oowelt
BACTERICIOE $00
[2]a]] Diesel 0il cement P Hallidurton
ORILLBAR Barite . X X X X X X X X X P Ortlisate
ORILLBARC Cosrse barite X X X X X X X X X P Onilsate
ORILLGEL Bentonite X X X X X X X X s 4 Oritisafe
ORILLING OETERGENT  Onihing mud detergent X X X X X X X S 4
DRILLING DETERGENT  Mud getergent X X X X X X X s P P COA/HMC
DRILLWATE Acig soluble weighting mat. X X X X X X X X P Drilisate
ORILL-x Torqua reducer (tiguid) X X X X X X X P Wyo-Ben
DRIL.SOL Floccuiant (liguid) X X X X X X X P Wyo.Ben
DRILTAL 13% Oriling mud oetergent X x X X X X S e Parmnene
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DRILTEX Po;y"mer & sized carbonste X X X } i P S Texas Brine
enc
DRILTREAT Oil mud stavitizer X X P s 8°s Barowd
ORILTRON B-24 Flocculant/sulfide X X X X X X X [ - Cnampion
scavenger . *
DRILTRON 8.27 Chromate corrosion innibitor - X X X X X X P Chummbn “
DRILTRON 8-143 Suitioe scavenger inniditor X X X X X X X P Champion
DRISCOSE Pure grade CMC X X X X X X s s P ] s Driii. Spec
DRISCOSE HIGH Pure grage CMC X x X X X X X $ S s S Baxer Chem.
VISCOSITY .
DRISCOSE. REG. &MV cMC X X X X X X X $ S P ] S [Jolele}
DRISPAC, REG. Potyanionse celiuiose X X X X X X X X - - P ] P ECCO
SUPERLO
ORISPAC Potyaniomic celiulqse X X X X X X X X S S [ 1 ] Orit. Spec.
DRISPAC SUPERLO Potyanionic celluiose X X X X X X X s S P P Orit. Soec.
DRLGBAR Bante X X X X X X x X P Ortgmua
ORLGDET Drilling mud detergent x X X s 3 Origmug ~ *
DRLGGEL Bentomte X X X X X X X P S 4 Drigmuad
ORLGX Polymer flocculant-clay X X Drigmua
extender
05'403 Corrosion inmbditor for X x X X X X X P Dniisate
claytree & water base mug
andCOp #
08 495 Corroston inhibitor tor X X X X x X X P Dnilsste
workover 4 compietion .
DS 49SE Filming amino w/biocide . X X x X X X P e Ormisate
0S PS NRS scavenger X X X X X x X P Drillsgte
0S-PEC Shate control sgent X X X- X S P Onisate
0S-PH Liquid pH reguiator for X X X X X X X P S Oniisate
HaS and shate controt
DS-PRESERVATIVE For starch and gums X X X x X X X X P $  Driisafe
O.TAON S.18 Drilling detergent X X X X X X X P Champion
oyovis Xanthum gum Diopolymer X X X X X X s S P Magcobar
ODURATONE HT il mud filtratien control agent X X » Baroig
DURANEX Temperature stadle Huid X X X X X e Barod
088 additive
© DV.22 Fluid loss control agent for o X X S P Magcooar
base and invert emuision
muds
DWA-768 Oispersant/wetting agent X X [ uam
ov.33 Qil wetting agent tor o con. X X P s ] Magcobar
tingus & invert emuision muds ’
DWA.78 Oispersant/wetting agent X X P ~ Mizeit
£CCO.BANOX Oxygen scavenger X X X X X X X X P ECCO
ECCO.BAR Barite X X X X X X X X X L gCCO
ECCO-CLAYLUBE & ¢ N X X X X X X X X s P s S ECCO
iubricant
ECCO-DEFOAMER Ait purpose getosmer X X X X X X X X P S ECCO
ECCO-ORILLING Orttiing mug detergent b X S L ECCO
DETERGENT
ECCO-FILMINE Fitrming amine X X X X X X X X P ECCO
ECCO-GEL Sodiym bentonite X X X X X X X S 4 ECCO
ECCO-PARACIDE Microbiocice . X X X X X X L ECC
ECCO-SEAL Shredded organic fiber X X X X X X P ECCO
ECCO-SORBIOE a5 scavenger X x X X X ®  ECC
£6CO-SPERSE Chrome lignosuttonate X x X X X X X s P ° 313
ECCO-SPOTFREE Surtactant tor mixing X X X XX [ £CCO
‘w/dieset oil to tree
stuck pioe
ECCO-YP Bentonite extender X X X S 4 ECCO
ECCO-SHALEBOND Moaifi o X X X X X x X X X S 4 L] ha ECCO
ECONOMAGIC Crude oil emuisitier ang X x P S s S 8§ S S Qil Base
{RIXOINFODIC Droperty adjuster
EMULFOR BM Organ:c compouna X 4 CECA
EMULFOR EP Emuisifier. stavilizer X X 14 P CECA
EMULFOR ER Fittrate requcer X S 4 CECA
EMULFOR GE Gelling agent X X P CECA
JRagea -
EMULFOR MO Watting agent for high comoiex X P P S CECA
sait content ’
EMULFOR NK Basic materal. filtrate reducer X S P S CECA
EMULFORST Stavitizer. emuisitier X X P S s § P CECA
EMULFOR TX Viscosimer X S P CECA
EMULGO Emuisitiar tor clay tree fluids X P o Srinaad
EMULGO PILL Clay tree fluias emuisitier X P 4 P Srnnadg
€ P MUDLUPE Extreme pressure iubneant X X X X X X X Baroo
ESAPAL XT 177 Dril mud liauig surtactant X X X X X P S S Lamtert
ESAPAL NP 187 Nonionic emuisifier X X x x X X X S s P 5

¥
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EXCELLO-GEL PolymeriC water gel spacer X X X X X X X Waestern
flmg
EXTRA HI.YIELD GEL Polymerized Wyaming X X X X X 4 Wyg.Sen
bentonte .
EZEFLO Low pour-oaint surfactant X X . - P Doweit
E ZMUL Qil mud emulsitier X X P 3 Baroig
£ Zout Qil solubie surtactant to iree X X X X X X X Oeita Mua
stuck pioe
EZSPOT Qi mugd concentrate X X X X X X X X X L . Barod
F-552 Nonianic foaming agent X X X X 4 S CE-Natco
Fa1 Silicones detoamer X x X X x X P s Oetta Mua
F82 Concentrated siicone X X X X X x X P ] . QeftaMug
aelcamer .
FCL - Modified cnromelignosuifonste X X X X X X X S P ] [ CDA/HMC
‘F.0S.69 Oriiling detergent X X X X X X X x X 4 Trimty Mud
FER.Q.BAR . Waignting materiat X X X X X X x X X P S  Sacntiecan
FERRO-CAL lron texed X X X X X X X S P Mitchem
FERROQWATE - lran carvonate X X x X X X X X Snnaad
F -'=Low Mud removai-agent X X P Western
FIBERTEX Shredded cane tiber biena X X X X X X X P Baroig
FL.1{Retinedh Improved organic polymaer X X X X X X X S P s Maonteiio
FL-3 Patymaeric for clay freefluids X X X P Srinaad
FL-4 Patymeric for clay iree fluids X X X 4 9rinaadd
FLOBEST Inarganic viscositier X X X X X X X X L] Messina
FLOCCULENT Clay floccuiant X P Wyo-8en
FLOCELE Cettoonane lianes X X X X X X X P Hathdurton
FLOCGEL Pregeiatinized starch X X x X x X X 4 S Scnoiten
FLOCGEL HV/TA Maditied natural palymaer X X X X X X Ll P Senoiten
FLOCGEL LV Pregeiatinized potato starch X X X X X X . 1 s Scnotten
FLOCGEL LV-NR Pregetatinized starch. X x X X X X P S Scnoiten
' low viscosity
FLOQCGEL NLV Pregetatinized corn starch X X X X X L S Scnotten
FLOCGEL ST Shredded high sweilingflakes X X X X X X X X X X P Schoiten
FLOCGEL W Carbaxymetnyl gotymer X X S 4 P Scronen
bentonite extender
FLOCHEX T hase potymer and P Hajlidurtan
FLOSAL Inorganic viscositier - X X X X X X S 4 Orul Scec.
and ECCO
FLOTEX Lignasuilonates. carbonydrates X X X X P s Texas Srine
4 s1zed carbanate diend
FLOXIT Clay Hocculant X P Mageodar
FQAMATRON V.12 Foaming agent X X X X X X X . Chamaion
FOAMATRAON V-14 Foarming agent X X X X X 4 Chamoion
FOAM BRAKE Liquid antifoam sgent X X X X X x X P Montelio
FOAMER OP14 Non-ianic loaming agent X X X X 4 COA/HMC
FQAMER OP18 Foaming agent for mgn X X X X X x x X 4 COA/MMC
eslectrolyte tiuids
FOAMEX PP Foaming agent X S P S Lamecern
FOAM FREE Versatite non-poliuting X X X X X x X P Messina
detoamer
FOAMING AGENT G-2 Noniomic foarmng agent X X X P Oowaeit
FORAGUMC - Qrganic compound . X X X P CECA
FORAGUM HM _Naturat palymer X X X S S P CECA
FORAMOUSSE O Fresnwater toaming agent X e CECA
FORAMOUSSE FW Fresh and sea water X e CECA
toaming agent
FORAMOUSSE S Sait water tozming agent X A CECA
FORAQUITAINE 10 Sactericide X X X X X X X 14 S CECA
FORAQUITAINE 3§ Sactencice X X X X X X X P CECA
FORMASEAL Qil sol. o3t cire, matertat and X X X S [ S Qil dase
. temp. plugging agent ~
FORMASEAL-HT Qil sot. last cire. mateniat ang X X X S P S Qil Base
temo. plugging agent for
nigh temp.
FREE HOLE Surface active agentfortresng X X X X X X X Monteilo
stuck drit pioe
FREE LUBE Surtactant material X X X X x x X [ Chemco
to be rmixed with
diesel o1 to free
stuck pIce
FRACSEAL Finely ground CACQ4 X X X 4 Crigmua
FRESH.FLQ Mogified tree extract X X X X X X X .S s s 4 Messina
FS.F Low surtace tension X X P P ‘Nestern
foaming agent
FawWPILL Qil sotuble “temporary” X X X X X x X x X 4 Ou Base
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GABROSA Sodium carboxymethy X X X X X X X x s P s P Montegison
(Low. Mea. Hi. Ext Hi vig - -
tecnnical grade) .
GALACTASOL 413 Nonionic poly g X X X X X S 4 Henket
GALACTASOL 41§ N i poly iti X X X X X P HMenket -
GALACTASOL 818 Anionic polymer viscosifier X X X 4 Henket
GALENA Leaa suilide powaer X X X X X X X P . Barog
GEL.AIR Antgnic foaming agent X ] Miichem .
GELOMERE EAV Hign motecutar weight X X X x x X ) s E] 14 usM
potymer
GELTONE N Low shear. oil mud geitant ‘X X P Saroid
GENORIL FLO Natural potymer and fluid X X X X X S P Henxel
loss additive
GENDRIL THIK Natural polymer viscosifier x x X x e Menke!
GENDRIL THIK Guar gum X X X ! ] 4 American Mud
GEOQ-GEL High temperature stable X X X X X X X s P Magcobdar
viscositying agent .
GILSONITE Natursi hydrocaroon X X X x X X X - S PP Most companies
GRAPHITE Graphite X X X X X X x X X P Most companas
GUFCOBAR Barite (darytes) X X X X X X X x X [ GHM Gulco
GUFCO BIOCIDE B.12 Bactericide X X X.X X X X P GH Guico
GUFCO BIOLUBE : Nonpolyting lubrnicant X X X x XX X 1] GH Gutco
GUFCO BROMICAL Water solution of catcium [ GH Gutco
chioride and caicium Sromide
GUFCO BROMICAL HD Water soiution of P GM Guleo
unc bromide and
caicium bromdes .
GUFCO BROMICON Calcium bromide powder P GH Gutco
(tine. medium & coarset
GUFCOCLS Chromae ilignosuitonate X X X x X X X S 14 GM Gutco
GUFCO D-FOAM 40 Defoamer X X X X X X X [ GH Gutco
GUFCO OMD Oruling mud detergent X X X X X X X S S P GH Guteco
GUFCO FILMKOTE C-33  Corrosion inmibitor X X X X X X X P GHGulco
GUFCOGEL Wyoming bentonite X X X X X X X S P GH Gulco
GUFCO MD GEL Viscositier tor 4 GH Guteo
Bromical HD -
GUFCO LIG Mined lignin X X X X x X X S S P GH Gutco
GUFCO OXBAN S-10 Oxygen scavenger X X X X X X X P GHGutco
GUFCO PLUG Ground pecan sheils X X X X X x X X X P GH Gulco
GUFCO POLYJEL Pure syntnetic potymer X X X x [ GH Gulco
GUFCO POLYSEAL LCM for clear water X X P - GHGulco
fluigs {Reg. & Coarse) ’ :
GUFCO POLYVIS Potymer ana calcium X X X X [ s P GH Gulce
caroonate dlend :
GUFCO PREGEL invert mud gelling agent . X X ] GH Gulco
GUFCO PREMUL inverted emuision X X GH Gurco
GUFCO PREMUL EMA invert mud emuisifier X X P GH Guteo
GUFCO PREMUL EMB Invert mud emutsifier . X X [ GH Gutce
GUFCO PREMUL EMC Invert mud wetting agent X X P SH Gulco
GUFCO PREMULX invert mud fluid loss - X X S P S GH Gulco
controi agent
GUFCO SALT GEL Attapuigite clay X X o GH Guteo .
GUFCO WALLFAEE Surtactant maternial X X X X X X X X P GH Gulzo
to be mixed with diesel
oil to tree oipe
GUFCO WALLKOTE Ligqug asonait X X X X X X X s s f L4 GH Gutco
GYPSOL I Gypsum gisintegrator X X P Carginai .
GYRSUM Gyosum (Diaster of Dans) X X X S P ‘A0St cOmpanies: .
GYPTRON TOF-113 Scate control X X x x X X - 4 Champion
MALLIBURTON.GEL . Wyoming bentonite X X X X X e maniburton
HEVIWATER Oxygen scavenger {solid) X X X x X x X P Dowel
ANTI.OXIDANT M129
HEVIWATER DRY Weignting agent for solids-ires X X X S e Doweil
CONCENTRATE 558 Nuia
HEVIWATER GELLING Gelling agent X X X X X X X S 4 Dowslt
AGENT J164
MEVIWATERIC Water solution of calcium P Ooweli
PACKER AND cniorige with gensity range
COMPLETION FLUID ot 9 to 11.6 ppg Including
innibitor and fluid foss control
HEVIWATERIIC Water solution ot caiCium P Dowe!
PACKER AND chioriae and calcium
COMPLETION FLUIO Bromige with aensity range
of 11.7 1o 15.1 pog inciuding
nhiditor ana fluid loss control
HEVIWATERA IIC Water solution of Cade 4 P S Dowel

PACKER AND
COMPLETION FLUID

wiin density of 15.2.17.2
0Dq. inctuding innidrtor
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HEVIWATER IVC Water sotution ot zine ’ 4 Oowetl
INHIBITED 8RINE brarmde. caicium bromide snd :
calcium chiarige. 15.2t0
19.2 009 .
HICELL Polyamonie caliuiose X X X X X X X 3 S s 4 P L COA/MMC
HICELL DS Potvantonig celluiose X X X X X X X S s P P COA/NMC
HIDENSE Weignting agent P Halidurton
HIMUL Y Organooniic collaiad X X P CDA/HMC
HIPQL X Hgn molecultr weightxanthan X X X X X X S P Messina
gum . .
HL.WATE Extra nign dengity powaertor X X X X X X ] Messina
blowout cantrol
HME Seiecuve. nomonic surtsce X X X .x X X X P Cnemco
active agent
MME ENERGIZER Selective. nonionic surface X X X X X x 4 Monteilo
active agent
HOLE.CONTROL Modiied hydrocardon X X X X X X 5 S P P S Mizeil
compound for shate control .
HOLEMAKER FLOC i 1! X X X X X P Mantelio
HOTGEL Statte nign temoerature X X X X X X X s P Messina
wiscositying agent :
HQWCQ BAR Wegnting agent P Hallidyrion
HQWCQ SUDS Ngnwonc {aamiag agent X X X X X X 4 Haltioyrian
HOWCOQ SUDS-STICKS Solid foaming agent X 4 Hathidurton
HS GUARD Hydrogen suitige scavenger X X X x X X X P Arnoig & Clarne
HS-! Sultige cracking inniditor X X X X X X-X P Western
HTT 430 Polymerrc Migh temoerature X X X x x X P [ COA/HMC
dispersant. fluid loss con.
trof agent .
HUMIC 333 Qil in water emuision system X X X b 4 P s S CECA
HUMIC NF Acid sOlubie oil=in-water X X X X 4 $ S CECA
amuision warkover ang
completion system
HYDROGEL Wyoming bentonite X X X x x X S P Wyo-Ben
HYORO.SPOT One drurn additive spothing X X 4 Mizeit
flued tor treeing stuck pioe
HYDAQWATE Werghted compietion fluid Hallibyrton
WY.SEAL Shredded organic fider x X X X X X P Barond
HYTEX L9 § Y polye X X X X 4 Texas Brine
. . mer & sized carbonate dieng .
iOF ANTIFOAM L.500 Detosmer for polymeric X X X X X 14 10F
systems
IQF AP.21 Polymeric tluid loss recucer X x X X I0F
1DF BACTERIOCIDE DIT  Non-onenolic Bactericide X X X x X x x P 10F
I0F B.FREE Spotting fuid tor treeing X X X X X X X H] 10F
stuck proe
I0F CL-11 Chrome lignite . X X X X x X H] P I0F
IOF CORROSION Coating amne corrosion X X X x x x P IDF
INMIBITOR A/C inniditer
10F CORROSION Sulfide resisiant-amine X X X' x X P IDF
INHIBITOR A/S base corrosion inhiditor
I0F CORRQSION Oxygen scavenger X X X X x P I0F
INMIBITOR Q/S .
I0F CORROSION Coating amine tor X X X X X P 1DF
INHIBITOR PHT production welils X B
1OF DEFOAMER Alconot bienag X X X X X X P OF
10F OF.19 Selective floccuiant X X X e 1OF
IDF DF-20G Flocculant X X X 4 10F
I0F D-FOAM Long chain aicohol X X X X x x x P 1DF
IDF DF-V1S Poiymaeric viscositier X X X X X X S P 1DF
1DF D1.PLUG Filter 2ig materist X X X X X X X X X 4 1OF
I0OF DRILLING Oritting mug aetergent X X X X X X X [ IOF
DETERGENT DX-10
iDF DV.88 Bentonite extender X X X 4 it i0fF
1DF DYNA LUBE - Dnifling tubmnicant X X X X X X X P S 1DF
1OF EASY DRILL Torque reducer X X X X X X X P S iDF
IDF EML LUBRIGANT Dritting lubricant X X X X X Xx ° s 10F
IOF FLR.100 Polymeric fluid loss X X X X X X s P s 10F
reducer
10F H1.FOAM Foaming agent X X P S 10F
1DF HI.TEMP High temperature fiuig X X X X x x s 10F
loss reducer
10F HY-MUL High tempersture fluid X X X X S 10F
loss staviiizer ’
I0F IDBREAK Surtace active detcamer X X X X X X [ \OF
IDF 1IDBRIOGE Qit soludle graged resin X X x X X IDF
10FIOCARB-7S Acig solubte graded X X X X X X X 4 1OF
calcium caroonate
IDFI0CARB-150 Acit solubie graded X X X X X X X % 5 1OF

calcium carbonate
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1OF IDCIDE-L Non-ghenolic bacteriocide X X X X X X %X Xx P IDF
liquig .
IOF I0CIDE-P Non-ghenoiic bactericcide X X X X X X X X P 1OF
powder
{OF IDFAC Non-onic fluoro-surtactant X X X X X =P IOF
10F IDFILM. 120 Filtming amine inniditor X X X X X X X X P IDF
10F 1DFILM-220 Fitming amine inMmbitor X X X X P IDF -
IDF IDFILM.320 Fitming amine inhibitor P 10F
IDF 1DFILM-620 Atmospheric corresion P IDF
inniditor
IDF IDFLO Non viscositying tiuid X X X X X ] 10F .
toss reducer .
IDFIOMEC Synthetic ceiiuioss X X X 10F
polyrner
IDFIDSCAV 110 Oxygencorrasionscavenger X X X X X X X P IOF
1DF IDSCAY 110X Cataiysed oxygen corrosion X X X X X X X P iDF
scavenger .
1OF108SCAV.210 Oxygen corrosion scavenger X X X X X P IDF .
IDFI0SCAV-310 Onygen and suiphite XX X X X X P 1DF
. scavenger .
IDFIDWATE Acid solubie graded iron X X X X X S e 10F
compound
IOF INTERDRILL Invert emuisitier X L4 1OF
EMUL
1DF INTERORILL FL invert fluid foss reducer X s P \OF
IOF INTERDRILL invert system Oase P P 10F
MUL TIMUL miature
IDF INTERDRILL.O.W. invert system oit X [ 10F
wetting agent
tOF INTERDAILL SF Iinvert fluid foss reducer X P 1OF
1OF INTERORILL Potymeric invert viscosifier X P IOF
vISOL
1DF INTERDRILL Invert viscositier X P 10F
VISTONE
1DF INTERLOXK Blenced lost circuiation X X X X ] 10F
materiat .
IDF MUD FIBER Fibrous materiat X X X X P 1OF
IDF POLY MUL o/w emuisitier X X X P S 10F
IDF POLY PLASTIC Shaie stabitizer X X X P iOF
IOF PT5.100 pH dulter tor ciay tree Huids X X X X X P 1OF
1DF AMEOPOL Polymeric fluid 10ss X X X X X X X s IDF
reducer 4
1OF SAFEGUARD 5000 Amine base corrosion X X ? I0F
innibitor -
1DF SAFEGUARD 5500 Ozygen scavenger X X X x X X X P IDF .
1OF SAFEGUARD 6000 Amine base cOrrosion X X X X X X X P I1DF
innibitor
10F SMIX) Polymeric viscosttier X X X X X P 10F
10F SPUD MUD {R) Potymenc viscosifier X X X X P 10F
1OF §S-100 Polymenc snate sncapsulater X X X X X N [ 10F
I0F TARGARD X X X xX X X X .4 IDF
MA #2 Satt mud diend systam (dry) X X X X ] P Wyo-8en
IMA CONCENTRATE Defoaming & wetting agent X X X X X X X X 4 s s P Wyo-8en
IMCO BAR Banite (barytes) X X X X X X X X X P MCO .
MCO BRINEGEL Attapuigite cray X X 4 IMCO
IMCO CI0E B! car X X X x X X X P IMCO
bactericide
IMCO CRACK CHEK Suitige cracking inhibitar X X X X X X X P IMCO
IMCO DEFOAM Sait water getoamer X X 4 IMCO
IMCO ORIL.S Polymer diocide and sized X X X X X P P IMCO .
caroonate biend
IMCO DRILLTHERM Hign temoerature fluid x x x P s~ IMCO
loss control
IMCO DURQGEL Viscositier X X X X X X X 14 1MCO
IMCO EP LUBE Extreme pressure iudricant X X X x X X X 4 IMCO
IMCO FLAKES Shredded csilophane flakes X X x X X X X X X 14 IMCO
IMCO FLOC Clay ftocculant X P IMCO
IMCO FOAMANT Foaming agent X P s IMCO
IMCO FOAMBAN All purpose liquid getcamsnt X X X x X X X P IMCQ
IMCO FREEPIPE Qil sot. surtactant X X X X X . P 1MCO
IMCO FYBER Shrecded fiber Diend X X X X X X X X P IMCO
IMCO GEL Wyom«ﬁg Bentonite X x X X X 4 1MCO
IMCO GELEX Bentonite extender X x X X S ] tMCO
iMCO HOLECOAT waier dispersapie asonaitic X X X X X X P IMCO
blend
IMCO MYE Extra hi vield bentonite X X 4 IMCO
IMCO IE PAC InnIDItiON ennancer X X X X S P tMCO
IMCO XEN CAL-L Powaered gisoersing agent X x P IMCO
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IMCO XEN-GEL QOrganophilic clay X ] IMCO
IMCO KENQL.S Er itiers for torr X S S MCO
. __invert emuisions
IMCO KENOX Quicx lime X X P tMCO
IMCO-KEN-PAK Canc. for gelatingus o packs X X P MCO
IMCO KEN SUPREME Fasty acia emyisitier ‘X P IMCQ
IMCO KEN-XCONC, 1 - Sasic.invert ol emuisitier X P - 1MCO
IMCQ KEN.X CONC. 2 Stavilizer; werght suspension X P IMCO
agen Es
IMCO XEN-XCONC. 3 Staoilizer: hi temp filtrate . X P IMCO
controi :
IMCO KLAY Sud-bentonite X X X X X X X S P IMCQ
IMCO KWIKSEAL Blendea LCM X X X X X X X X X P IMCO °
IMCO LG Ligmtic materia X X X X X X s [ IMCQ e
IMCO LOID Pregeiatinized starch X X X X X X P S IMCO
IMCO LUBE- 108 Lubricant X X X X X X X P IMCO
IMCO LUBRIKLEEN Non-gaituting arganic X X X X X X P IMCO
IMCO MO Mud detergent X X X X x X X s P 4 IMCO
IMCO MUDOIL Qil dispersed asghait X X X X X P IMCO *
IMCO PERMAFILM- Carrosion inmoiter X X X X X X X P IMCO
IMCO PERMALOID Pregeiatinized starch X X X X X P IMCQ
IMCQ PHOS Prasphate X X X X X P IMCO
IMCO PLUG Groungd wainut hulls{line.med. X X X X X X X X X -] IMGO
and coarse grades)
IMCO POLY Rx Synergistic oolymer blend X X X X X X X ) P P P tMCQ
IMCO POLYSAFE Polymer tar fluid loss cantrol X X X X X X- P s S IMCQ
IMCO PRESERVALQOID Paraformaidenyde . X X X X X 4 MCO
MCO Q8T Quedracno dased thinner X X X X X 4 MCO
IMCO RD-111 Pry mod. lig t X X X X X X X S 4 e IMCO
IMCQ AD-2000 Qispersant X X X X X X X S S 14 IMCQ
IMCO SAFE-PAC Blended poiymers X X X x X X X X X X 4 * tMCO
IMCO SAFE PEAFSEAL Blended synthenc potymers X X X X X P S ] MCQ
IMCQ SAFE.SEAL Sized cardonates X X X X X X X X X P S tMCO
IMCO SAFE-SEAL X Sized carbonates X X X X X X X X X P S IMCO
IMCO SAFE.TROL Lignosuitonates. carbonydrates X X X X IMCO
ang sized cardbanate oiend
IMCOQ SAFE.VIS Synthetic potymer and si1zed X X X s P IMCO
carbonate Slend :
IMCO SAFE.-VIS X Syntnetic polymer X X X X P IMCO
IMCQO SCALECHEX Scate inniditer X X X X S P IMCOQ
MCQ SCR . Shale control resgent X 4 IMCQ
IMCO SHUALIFT Wet processad caicium mag- X x X X P MCO
nesium silicate '
IMCO 59;10' Sodium golyacryiates X x X X 4 IMCO
IMCQO SPOT Ory blend emuisitier X s P IMCO
IMCO SULF-X1§ Hyarogen suitice scavenger X X X X X X X X P MCQ
IMCO SUPER GELEX Bentomite extender X X x P IMCO
IMCO SWS Anignic.noniome surtactant X X X X X X S 4 IMCQ
IMCO THIN Causticizad lignite X X X X S P MCO
IMCQ VC-10. Chrome lignosuitenate X X X X X X X s e s p MCO
IMCO VR Gel-Duilder for invert X X s P IMCO
IMCO WATE Calcium carponats x X e IMCO
'IMCO xC Bactenaily produced polymer X X X X x X P MCO
IMCO X-CORR Carrosian innibitor X X X X X X X P s IMCO
IMCO X0y Oxygen scavenger X X X X X X P IMCO
IMPERMEX Pregelatinized stareh X X X X X X X P Saroig
IMVIGEL _Magnesium smectite X X X X X X S P IMV
INDUSCRUB Heavy duty cleaner S P CE-Natce
INICOR B Carromon innuitar X X X X X X X °  Lambern |
INIPOL S 33 Surfactant mixed with dieseifor X X X X X X X X X S P - CECA
: traeing stuck oipe
INVERMUL QO mud staoilizer X X P S S daroa
INVERPOL Magnesium smectite X X X X X X - s P MV
1ROBAR Synin. i density. acig X X X X X X X X X e QOr:ttsale
301, weighting material
IRONITE SPONGE ' Synthetic oxide M35 X X X X X X X.X S S # lronte
. scavenger
J-2 Natural gum viscosity builder X x X X P ‘Nestern
and fluid-loss controt agent
JEL-Q-GEL Hyaroxyethyieceiiuiose X X P Camolenan
services
JELFLAKE Shredded ceitophane X X X X X X 4 Saroig
XANE FIBER Processed cane liber X X X X X X X e Wyo-8en
KARL Polymaeric for ¢clay iree Huids X X X s P 8rinada
KATHON WT Siocide X X X X X X X 2 QOriisate
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KELZAN XC POLYMER Xanthum gum Biopoiymer X X X X X x X s 3 4 Xelco
KEMBREAK Calcium tignasuitonate X X X X x X S H 14 Arnoid & Claree
X-FLO Non.ionic surtsctant - X s P Baroid
KIM-MUD Poiymersic for clay tree Huids X X X X P 4 e 8rinadd
KLEARFAC Ph aster of | X X X P P P P B8ASF Wyanaotte
alkoxytate . .
KLEEN-BLOCK Non-¢ ging sized car X X X X X X X X' X 14 S Messina .
KLEEN.BLOCK X N ging s1zed car X X X X X X X X X P S Massina
XLEEN-ORILL Non-damaging polymer/tiltra- X X X X X 14 4 Messina )
hon contrel compound . ! b
KLEEN.MIX One bag mixture of non- X X X X X X Xx P P Messina
aamaging viscositiers/
tiitration agents. .
KLEEN.PAK Non-damaging synthetic X X P S Messina -
poltymaer plend .
KLEEN-PIL Non-damaging synthetic X s P Messing
polymer diend
KLEEN-SEAL Non-damaging tiltration con. X X P Messina
trol biena .-
KLEEN.SPOT Non-potiuting. invert X X X X X X e P [ S Deita Mua
. spotling fuid for stuck Pipe ) M
KLEEN UP Heavy duty detergent and X X X Magecobar T,
aegresser
KLEEN.VIS Non-damaging synthetic X x X S Messina
potymer N
KLEEN.VIS X Non-gamaging synthetc X X X Messina
. potymer
K-LIG Potassium iignite denvative X X 4 4 Barord
XOUITE -Ground coat X X X X X X X X X X 4 Dowett
KONTOL Corrosion inmbitor X X X X X X X X X X s P Tretolite
KOROMIBIT C-100K Atmosphenc corrosion P C-ENstco
innibitor
KOROMIBIT C.115K Corrosion inmiitor X X X X X X X ’ P C-E Naco
KOROHIBIT C. 122K HaS scavanger X X X X X X X P C.ENatco
KORCOMHIBIT C.675 Corrasion inniditor X X X X X x X P C-ENatco
KWIK.THIX Extra hi yisid bentonite X S L4 Magcobar
KWIK SEAL Comoinauon of granuies. flakes X X X X X b 4 4 ASLiang
and libers : ECCO
KWIK VIS Polymer . X X P Wyo-Ben
.10 Pyre. aned lignite for geo- X X X X L4 CECA L
thermai grilling Avepene
L9 Causticized solubte lignite X X X X X 4 Avepene &
CECA SA
LAMCOBAR Bante (barytes) X X X X X X x x X L4 Lousiana Mud
LAMCO CLAY Sub-bentonite X X X X X x X S 14 Louisiana Mud
LAMCO DRILLFAS Mug detergent X X X X X x X s P P Louisiana Mug
LAMCOE Emutsitier X X X X X X X P . Lowmisians Mud
LAMCO FIBER Shredoed cane tibers X X X X X X X P Louisiana Mud
LAMCO FLAKES Shredded fiakes . X X X X X X X 4 Louisiana Mud .
LAMCO GEL Wyoming bentonite X X X x x X s P Lousiana Mug
LAMCO HYDROPROOF  Cotisidal ssonalt X x X X X X s s P » Loursiana Mud
LAMCOLIG Lignite X X X X X X S 4 4 Loursiana Mug
LAMCO PERMA THINZ Afuminum chrome ligno- X X X X X x S H P Loursiana Mug
suitonate
LAMCO SLX Emuisifier & surtactant X X X X X s P s Lowsiana Mud -
LAMSALGEL Attapuigite ctay X X P Lourisiana Mud - *
LD-8 Non-poliyting defoamer X X X X X 4 Miichem
LEATHERSEAL Shreaded leatner X X X X X X X X P garoid
LEATH.O Shrecdedq leather X X X X 4 Mighem
LECTRO-MIX Water solubte saits X X X X 4 Ot Base
LENALK Causticized lignite X X S P P ECCO
LENOX Lignite . X X X X s P P ECCO .
LEO'S PLUG Suntiower seed hulls X X X X X ] Wyo-Ben
-
LHC LiQuid hygrocaroon coment for P Western
tost circulation .
LIGCO Lignite X X X X X S P S Mitcnem
LIGCON Sodium sait of lignatic X X X X X X S P s Milcnem
matenal :
LIGNATE Processed modified )gno- X X X X X X 5 P 4 Tetnrte
sultonate
LIGNEX Low maiecuiar wergnt terro- X X X S S P CECAS
cnrome ignosuifonate Avepens
LIGNEX N Sodium hignosulfonate X X X X X X 4 S 4 Avepene &
CECA
LIGNG THIN Lignite Dase thinner X X [ P 14 Am Coltoig
LIGTEX.X Potassium hgnrite derivative X X X P P s Texas 3nne .
LIME . Hyarated fime X X X P S S S S  Mostcomopames
LOLOSS Guar gum X X X s 4 Magcooar

s
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LOWATE - A8 S0iuble weight material X X X X X X X X X P Magcobar
LST-§ Non-emuision. 8il purpose X X x X 4 Carginat
surtactant
LST-12 Sut suspending surfactant X X X p P Carainal
L§7-13 Qil, parathin dispersant X 14 Cardinal
LST-34 Catonic fluorosurtactant X X X P Carainal
LST.28 Fiuorosurfactant blend tor toam. X Carainat
ng hvarocarpon frac thuids
L87.37 Fluorosurtactant blend for toam. X Carginat
ng rmMixtures of hydrocarpon
ana water from well dore
LST-38 Nomonic fluorosurtsctant X X P Cardinal
LUBE-KQTE Grapnite X X X X X X X P Magcobar
LUBE-TEX Sicdegracabie tubncam X X X X X X [ Texas 8rine
LUBRA-GLIDE Solid triction reducer & X X X X X X X P Sun Chem:
"gQuUMDO” stabilizer .
LUBRA.PHASE | Non ionic mugd surtactant, X X X S s P Sun Chem
shaie solids control : o
LUBRA.PHASE I Sio0egracatie & non-toxic X X X X P Sun Chem
‘ubricant
LUBRA.SEAL A surtace modifi X X X x X X X X X X s P Sun Chem
ceftulose-base fiver
LUBRE TORQUE Torqg reducer X X X X X X s P UsMm
LUBRICANT JJ3s Extreme pressure fubrncant X X X X X X X 4 CDA/HMC
LUBRICANT 458 Siodeg and X X X X X X X Lamoert
lupricant : .
LUBRLFILM E.P. lubricant and corrosion X X X X X X X P Mitchem
- nnid.
LUBRI.SAL Non-poiluting lubncant X X X X X X X Milehem
MAGCOBAR Barite {barytes) - X X X X X XX X X p Magcobar
MAGCOBRINEC.B Pre.ptendeda calcium chioride/ Magcobar
Bromide brines for warkaver.
comoleuan and packers
MAGCOBRINEC.C. Pre-dblendaed ¢aicium cniornde Magcobar
Brine lor workover, camptle-
tion and packers
MAGCOBRINE P.C. Potassium chioride X X X X X X X S P Magcobar
MAGCOBRINE S.C. Sodwum cnioride X X X X X X X s L] P Magcobar
MAGCO Detoamer X P Magcobaer
DEFOAMER A.40
MAGCOFOAMER 76 Foamng agent : x p Magcobar
MAGCO FIBER Bienaed fibers X X X X x X X P Magcobar
MAGCOGEL Wyoming bentonite X X x X x X X S . [ Magcobar
MAGCO INHIBITOR 101 Corrosion inhibitor for packer X X X X. X X P Magcobar
fluias )
MAGCO INHIBITOR 202 Corrasion inhiditor for direct X X X X x x X X Magcobar
tresting oul arill string
MAGCO INHIBITOR 303  -Organic amine corrosion X X X X X X X Magcobar
: inniditor for warkover, com- .
piefion and oacker brines
. MAGCOLUBE Biodegradadle lubncant X X X X X X X 4 Magcebar
MAGCONATE Petroisum sultonste emuisitier X X X X X 14 Magcobasr
MAGCONOL Aiconoi detoamer X X X X X X 4 Magcobar
MAGCOPHOS Sodium tetraphosohate X X X X X P P Magcodar
MAGCO POLY Qrganic Dolyot defoamer X X X X X X 4 Magcobar
DEFOAMER .
MAGCO POLY SAL QOrganic golymer X X X X X X 14 Magcopar
MAGNACIDE Bactenastats X X X X X X X P Aguaness
MAGNE-MAGIC Bleng of magnesium and X X X [ [ s Ot Base
) catcium comoounds ‘
MAGNE.SALT Water soluble saits X X X X X P Qil Base .
MAGNE-SET Controlted soliditier X x X X P il Gase
MAGNE.SET Materiai for regucing settime X X X X X X X P Oil Base
ACCELERATOR tor Magne-Set . .
MAGNE-SET RETARDER Matenal tor increasing set X X X X X X X ~ Qil Base
time tor Magne-Set
MAGNESIUM CHLORIOE Msgnesium chioride X X S Most companies
MAGNESIUM OXIDE ECCO
MAGNE.THIN Low molecular wt. polymer X X s P Qil Base
MARBLE Natural calcium carbonate X X X X x X X X X |4 Edemsarda
MARITE’ 4.7 spectfic gravity - X X X X X X X X L Messina
weghting agent
MC-500 Flyid 1088 cantrol, igh temper- X P Mizett
ature stability additive
MESUCQ-BAR Barite (darytes) X X X X X X X P Messina
MESUCO.BEN Bentonite . . X X X X X X X P P Messing
MESUCO.CL Sodium sait of lignitic material X X X x X s 4 o Messins
MESUCO-CRCL Chrome lignitic compound X x X X X X S P P Messina
MESUCO FIBER Shredded plant fibers X X X X X x X P Messing
Sizea and crimped cellophane X X X X X X X X P Messina
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MESUCO.FOAM Versatite toaming agent tor X P Messing
fresn 10 sait saturated muds
MESUCO-GEL Wyoming pentonite (APIspes) X X X X X X X P P Messing
MESUCO-GEL Wyoming bentonite X X X x x X X P P Mess:ina
MESUCO-HEC Hydrazyethyiceiiuiose X X X X X X X X 1 4 4 Messina
MESUCO-KL P ] X x X X X s s L4 S, Messing
MESUCO-LIG Lignitic material X x X X X 5 P s Messina
MESUCO MUD Concenirated muc getergent X X X x x X 3 4 Messina
DETERGENT
MESUCO-PLUG Migh strengtn ground nutshells X X X X X X X X X s 4 Messing
MESUCO SALT CLAY Attapuigite clay X X X X X X 4 Messina
MESUCO-SEAL Scienufic biend of foss crreuta- X X X X 'x X P Messina
tion materigts
MESUCO-SORB scavenger X. x X X x X X P Messina
MESUCO SUPER GEL Extra g yield bentonite X X X X X H P Messina
MESUCO WORKOVER.S  High molecuisr waerght polymer- X X X 4 Messins
calcwm carbonate didnd
ME.1 Polyme-. selective tioccuiant X X X X X P ROSH
MCA Mica fiakes (sev. gradesaveil.} X X X X X X X X X 4 Most companies
MICATEX Mica flakes (line. med. ang X X X X X X X 14 Baroid
coarse; .
MIL-BAR .Barue (Darytes) X X X X X X X X P Mitchem
MILCHEM MD Mug getergent X X X X X X X s 14 Mitchem
MILCHEM PIRE.GARD ne ehromale COTTOson X X X X X X X P Michem
mnipitor
MiL CON Neutralized heavy metai mod X X X X X X X s P S Mitchem
ligmie
MIL.FIBER Shredoed cane fibers X X X X X X P Mitchem
MILFLAKE Shredoes celiophane tivers X X X X X X X 1 4 Michem
MIL-FREE Suriaciant for mixing with X X X X x X X P Miichem
dieset oil to iree stuck pipe
MIL-GARD M2S scavenger X X X X X X X P Michsm
MILGEL Wyoming bentonite X X X X X X X x S P Mitchem
MIL-PLATE Dreset o1t reptacement X X X X X X X P Milchem '
MIL-PLUG Ground wainut hutis X X X X X X X X X [ Milchem
MIL-POLYMER 302 B o Dle polymer vist X X X X X P Milchem
ifier tor water base mua
MIL-POLYMER 303 Dritlling polymer with X X X X X S 14 Miichem
biocioe
MIL-POLYMER 304 Orilling potymer with biocige X X X X S P Milchem
tor caicium contamingred
systems
MiIL-POLYMER 305 Orilling polymer tor mocerate X X X b Miichem
temperature sysiems .
MIL-POLYMER 208 Drithing poiymer tor moderate X X P Milchem
10 hign temp. Systems
MIL.-TEMP Stapinze flow & fluid 10ss ot X X X X X S P Milcnem
water base muds st high .
terng.
MIXICAL Acid soiuble flyid toss additive X X X X X x i (4 Magcobar
and lost circuiation materisl
tor Potybrine sysiems
MON.DET Mud getergent X X X X X X X S [ 4 Montello
MONEX Flocculant and bentonite X X x X 14 : P gCCO
extender
MON EX Co-polymer. floccuiant and X X X X P P Monteio
ciay extencer
MON FOAM Foaming agent for fresh or sait x P Monteilo
water
MON HIB Film torming ammetoconre! X X X X X X X ?  Montetio
drili pipe corrosion
MONOIL CONCENTRATE  Concentrate for Oil Base inver! X P Monzeilo
system
MON PAC High motecuiar weight. poly- X X X x X X S P ] P Montello
. antonic cellulosic Doiymer
MON PAC ULTRA LO Polyanionic ceituiose uitraic X X X P ~e Monteilo
viscosity -
MOR-RAEX For shate siadilization X X X X X X X Corn
MOR.REX Modified staren X X P P Mitchem
MR.1 Mug removai agent X X s ] Western
MUDBAN Qil-base mua thinner, X X X X X X P Dowell
dispersant
MUD-EX Muo cetergent X X X X x X X P P Tretohite
MUDFLUSH Mud remavat agent X X X X X %X X Haitipurion
MUD FIBER Bienged cane and wood fiber X X X X X X P Magcobar
MUD-MUL Non-10n¢ emuisifier X X X X X - P S Messina
MUD-MUL (LS) Anonic/noniome (low solids X X X X X X P s Messina
amuisitier)
MUD-PAC Caorrosion inhibitor tor solids X X X P Michem
layoen Packer Fluigs R
MUD SEAL X X X X X x P Tetnite

Cetliuiose fivers
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Recommended for These Systems
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MULCON Ta correct acid number :n X X S S s e Orilisate
o1l muds & invert muds -
MULOIS Emuisifier & wetting agent X X X P S -1 Orilisate
tar o1t Base & invert muds
MULFAIL Stabiiizes suspension & plaster- . X Oriisate
ing prop. in gil m.
MULFIX Qil soludte liquid for use X X S s S -§ P Oritisate
a3 pacxer tiyid, tor
fracturing ang acigdizing
MULFLO Flow imorover ’ X X P s S PP Orillsale
MULGEL - Viscositier & geiling agen! X X P - Onilsate
for qil Dase & invert myds’ .
MULOIL A Dry or liquig basc comp, X $ S P S Orillsate
{or hi temp/h water oil
base mugs
MuLQIL B Ory or tiquid dasi¢c comp. s S S S Drilisate
tor oil base muds
MULSEAL Asphaitic, ol soludle LCM X 4 Oritisate
tge oil Dase & invert .
MULSTAB S tiltrate & X P s P Orilisate
under hi temp. in il
Base muds
MULTICEL CMC, all grades X X X X X X X X p ] Oritlsate
MULTICEL EHV Suoer rivis CMC X X X X X X X X P P Oriilsate
MULTICOAT Water-gispersidie asonait X X X X X X X X X S P ] S Oriiisate
tor filtranon. inmbitton
& jubric. in water Dase m.
MULTICRYL Paolyacrylamide. all grades X X X X X X Oriilsate
MULTIDET Orilling mud detergent X X X X X X X S P Oriisate
MULTIDEX Hi temperature stadle  * X X x X X X X s Oniisate
potysacchanda. 200°C
MULTI.OF Liquid it purpose d-toam X X X X x X X P Orulsate
MULTI.OFD Ory ail purpose d-loamer X X X X X X X P Crilteate
MULTIFLOC Selective, noniome X X X X X X X [ Driitsate
Hiocculant .
MULTIFQAM All gurpose foaming agent X X X X X X X x » Dritsate
MULTIHEC Hydroxyethyicailuiose X X X X X X X X s S P s P Onitisate
MULTILAX Qil solubie surtactant to X X X X X X X X s . P Onilsate
) free stuck pice
MULTILIGC Chrome lignite X X X X X X S 4 -P Onilsate
MULTILUBE Extreme pressureiubrcant . X X X X X X X P S Oriisate
MULTILUBE A Non-gailuting EP lubncant X X X X X X X P S Orilisate
MULTIMER Bleng of hi temp. & sait X X X X X X X s Crilisate
resistant polymers
MULTIMYL Pregatatinized starch X X X X X X 4 [ Onitisate
MULTIMYL A Non.termenting, lemo. stable X X X X X X X P S S Qriltsate
. carboxymethyi-stareh
MULTIPLAST Non-poiluting, hi scluble X X X x X X X X X P Oriiisate
tow saligs LCM-aaditive
MULTIPOL HT Resin/tigmitic dbiend tor X X X X X P s S S Oniisate
tiltrate & vis control at i .
tamoeratures
MULTISAL Cotloidal base & filtrate X X X 4 P S Oniisate
raducer for clayfree muds .
MULTISEAL Compination of granules tlakes X X X x X P Eisenman
. and fibers -
MULTITHIN Chromae lignosuitonste X X X X X X s S 3 P Qrilisate
MULTIVIS Hi molecular weight. sait X X X X x X s P Dritsate
rasistant polymer
MULTI-XC Hi malecular weight xanthan X X X X X X X X S S 4 Dniisate
gum polymaer - ~
MV-405 Liquig oil ohase mud emuisitier X X ] S P Milchem
& wetting agent i
MY-LO-JEL Pregetatimzed starcn X X X X 'X X X L] S Magcooar
MY.LO-JEL Starcn presarvatives X X X X X 4 . Magcaoar
PRESERVATIVE :
N-4886 Qrgamnic colysiectrolyte X o Teatotite
potymers .
NAMINAGIL " Corrasion innibitor, biocide X X 5 9  AnonePoulenc
NATRQSOL . Hydroxy ethyl catiutose X X X R L4 2 Saxer Cham.
NELU PHANE Celiopnane ftakes X X X X X X X X X P CDA/HMC
NELU PHLAX Shredded tivre X X X X X X X X X P CRA/HMC
NELU STARCH Pregeiatinised starch X X X X X X P S CRA/MMC
NF.1 Liguid antifoam agent- X X X X X X X 14 Maibbyrton
NFP Powdered antifoam agent X X X X X X X P Hailioyrton
N-GAUGE Potassium lignosuitonate X X X X X x X S 4 S Oeita Mya
NOCOR 133. 168. 203 Corromian inmitors X P Caramai
NOCOR 224 ' Carrosian intoitors X X e Cargwinai
X X X X X 5 ] Maeminar
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- " Water-dase Ort- § ) 4_\—__%;.
World Oil’'s 137980 -
. : e
- - towon | TN 4L 3 £l el B
H H 2188 glsls] |
Ul U — IR ARHLHHRHHHES
HE ® I IR slEls|3(818 |Ei3(2
HHEHHBAEERH R EHEBEE
slziZ|s|8|8(F|¢c 2 ElE|8|E[E|& s|81C|w|EIC|PIE
S I HEH R HHEH B I B HEH AR
HEIN NI Slels|8lsl2¢ § =E|S|e|E £l 8 3 &le
S|l%in ® ®Tl= | Sl EI8 Ejsigiels 513
Procuct Tracename Descrononotmaena  |S13 B3 |5|2]212|5|2]5|&|81E]21212(S|8|3[5|2]|2|5|2]8] avarmavierom
NOCOR 643 Surtactant and corr. innid. X X X X X X X ’ e S  Caroinal
NOCOR 644 Air/Gas Drig. toamer with X ] P ] Carging:
inniditor -
NOCOR 845 Awr/Gas Drig tosmer P Carana
NOCOR 700 S Surtactants X X X X X x P Carginal
NOMOUSS D Defoamer X X X x P CECA
NOMOUSS S Detoamer X X 14 CECA
NORUST 720 Corrosion inhiditor X X S P CECA
NORUST 995 Corrosion inmiditor tor X X CECA SA
compietion brines
NORUST 99¢ Corrosion mnititor for X X CECA SA
caicium completion brines
NORUST ACK Oxygen corrasion inhidaior X x X X X x P CECA
NORUST ASW Oxygen corrosion mnniditor X X P CECA
NORUST OC 40 Foaming sgent tor tresh or salt x P CECa
water :
NORUST PA3D H25 and CO corrosion X X X X P CECA
inmibitor .
NORUST SC 41 Onygen scavenger X X X X X X X ® CECA
NO.STIK Surtace active agent X X X X X X X s s P ADSI
NOVADRIL 30 Poty fiulesic polymers X [ P Hercules
NOVADRTM, 40 Polyanionic celluionic poiymers X X X X P P Hercuies
NOXYGEN Ozygen scavenger X X X x X x X P Michem
N.P.L. 122 Environmentat Protection X X X X X X P P 1] P Temnity Mud
Lutricant
NUT PLUG Ground wainut sneirs X X X X X X X X X P Magcobar
NYMCEL Carnoxy methyl celtuiose in X X X X X X X X S P 13 P Nyma
tow. Nigh &nd uitra hegh vis-
cositres. technical and pure
grades
OA 13 Oxidi2ing agent X X X X .4 Completion
OB ACID PYRO s acid pyro X x x X x P e Qit Base |
OB BENGEL Wyoming pentonite X X X X x x X S 4 Oil Base
oBC 6% Blenaed oxygen scavenger. X X X X X X X % P P CDA/MMC
corrosion inhidijor. biocide
08CEs6 Biended oxygen scavenger, X X X X x x P P CDA/MMC
corrosion inhibitor. biocige -
OB CLAY Sub-bentonite X X X X X X X s 4 O Base
OB CLOROGEL Anapuigite ciay X X X P QOil Base
OB DEFQAMER Detoamer R X X X X X X P Oii Base
OB OETERGENT Mugd Getergent X X X X x X Xx P P Oit Base
OB DIVERTER Sumuiation tluid giverier x X X X X X X X s S P Qil Base
0B DIVERTER.HT Sumutation diverter for hi. X X x X X X X X X s s P Oil Base
temp. hi-press wells
QB FLOC Clay floccutant X X X %X X X X 4 Ou Base
08B GEL Conc. tor improving Black X X X X X X X X X X s S P s P S S Oil Base
: Mag:c gst: basic conc. for
locanon mixing of Biack
Magic SP .
OB GRAVEL PACK Basic oil base mud conc. tor X X P S O Base |
FLUID gravel packing renge o!f 7.8 .
. 10 17-ppg (Migr. mixed)
OB HEVYWATE Barne (barytes) X X X X X X X X X P Ol Base
OBHMEXAGLAS Sodium hexametophosphate X X X X X p P Qil Base
OB HI.CAL Caicium nygroxide X X X X X X x x X P S H S $  Oi Base
OB LIME MYDRATE - Hyarated time . X X X X x P § s E] S O Base
OB MIX FIX Visc. reducer tor Black Magic X X P S * Oil Base
. ng mining Ol adjuster
OB NUT SHELL Ground pecan shelt X X X X X X X X X L Qi Base
OB PACKER FLUID Basic oil base mud conc. ler X X X X X X X X X X P Ou Base
Tging annulus packing
1. mixed -
OB PFA _ATODIC adjuster tor Oil base X X S P S  Oil Base
wacCker fluigs .
0B PYRO Sodium tetrspnosphate X X X X X p P O Base
OB SAPP ) acid pyro ate X X X X X P P Ol Base
OB STARCH Paratormaigenyoe P Ol Base
PRESERVATIVE
0BSTP Sodium tetraphosphate X X X X X [ Qif Base
OB WATE Caicium carnonate X 4 O Base
OBWELL PAC Basic oil base mud conc. for X X X X X X X X X X P Qi Base
bell hole & casing protection
{mtgr. ruxed|
OB WELL WASH Orig. lluio dispersant; borehole X X X X x X X S F Qi Base
cleaner
DB WOODSEAL Wooa shavings X X X X X X X X X ] Ol Base
OCOBAR Barite X X X X x X X x X 4 OCOMA
QCOBAR BULK Buyik parie X X X x x X X X X L4 OCOMa
OCOBAR MB Marine bagged barie X x X X X X X X X e OCOMA
OCOBART Conres mrrre v v ol
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OCOBEN Bentonite : X X X X X X S P OCOMA
QCOBRACHO Soray aried guebracno X X X x X S P QCOMA
0CO OEFOAMER Detoaming agent X x X X X P ocoma
OCO DRILL LUBE Torque reaucer X X X X X X X X X S P OCOMA
QCO FIBER Snredaed cane fiber X X X X X X X P OCOMA
OCO FLAKE Shrecded celiophane tibers X X X X X X X p - ocoMA
A OCO FOAM ’ Foaming agent for fresn to sait Cox P OCOMA
. - satyrited mugd systems
QCO FREE PIPE Surtaciant 10 rmix with diese! X X X X X X X P P OCOMA
10 tree stuck gipe .
OCOGEL Wyoming bentonite . X X X X X X X P P QCOMA
. OCO GEQ Fix Shate & solics control agent X X X X X X X s P OCOMA
* mugd surtactant or mgn temp.
OCO GEO GEL Hign temoerature stadte Cisy X X X X X ] P QCOMA
QCO GEQO LOW. Dispersadie nygrocaroon for X. X X X X X X X X S 14 s P OCOMA
. ) nign temp. flytd loss
C control
0CO GEO MUD Resin.lignitic biendforn/hp X X X X X X X . . ] s s OCOMA |
theotogical/fluid loas control .
OCO MEAVY WATE Lead suifice powder X X X X X X X P ocoma
oCcouG Lignitric matenal X x X X X ] P P OCOMA
QCOLIGC Caustic lignitic matenat X X X X X 3 [ P OCOMA
QCOLIG CL Chrome hignitic material X X X X X X S S S e QCOMA
OCOLIG K Caustic Potash lignitic material X X X X S S P S OCOMA
QCOMUL Additive for stable invert X X P S S OCOMA
emulisions .
OCOMWL S Suopiement emuisitier and [ S S OCOMA
wetting agent
OCO MULTILOW Non termenting starch X X X X X xX X P S OCOMA
0CoQIL LOW - Fluid loss control agent for S P QCOMA
inverted systems .
QCo oI IS Viscosity and geiling sgent X X . ] OCOMA
OCO PERMAFLOW Lignosuitonate X X X X X X X S S S P QCOMA
0COPHOS " Sodium tetraphosonate X X X. X X L ] OCOMA
QCO PLUG X Ground weinut huils X X X X X X X X X 14 - OCOMA
OCO POLY LOW High moiecular weignht poly. X X X X X X S P S P OCOMA
anionic ceitulose
- OCO SALT GEL Attaguigiteciay . X X X X X X X s P QCOMA
S OCO SEAL . Comuobinanon of granules. flakes X X X X X X P QCOMA
T and fiders tar lost circuiation
. controt
OCOSKCLAY Very nigh temp. ¢tay X X X X X. X P P OCOMA
0CO SPOT FREE Co'?c. forhidensityspotting X X X X X X X X% p P ocoMA
uid
OCO SULFSORB HaS scavenger X X X X X X X P OCOMA
OC0 SUPER FLOCK Flaccutants X X X X X X X » SSOMA
QCO SUPER SLICK Diesai oil reptacement X X X X X X X P OCOMA
OCO SUPER VIS Extra hi yieid bentonite X X X . X X s P QCOMA
OCOTHIN Chrome modified ligno- X X X X X X X ) S H L4 OCOMA
suitonste .
OCOWATE Caicium carbonaste X x X P QCOMA
OCOWET Qit wetting agent X X 14 S ] OCOMA
Q0D 110 Corrosion innibitor (dry) X X X xX X X x P Wyo-8en
: oD 1100 Carrosion innibitor (liquid) X X X X X X X Wyo-Ben
0D 15507 Salt inniditar (liquid) X X Wyo-8en
0D 1600 Oxygen scavenger (dry) X X X X X X X Wyo-8en
.. LiQuio \ Detergent X 4 King
0S-1L Oxygen scavenger X X X X X P Magcooar
Q.S-S PHLL Potymeric for cigy free tiuids X X ] 4 P Bnnadd
oMmC Qil mud conditioner X X P Barow
OIL BASE MUD SPACER  Cement spacer for oil base X X P S Dowet!
muds
— OILCOMPLETE No-soligs/non-aamaging il X X X X X X X X X X . S P P ] Messina
L base comptetion fluid con- had
Lt . centration
OIL CON . Supplemental emulsitier, : X X P S S Messina
wetting agent
OILFAZE Sackedg oil base mud cone. X P S Magcobar
QILFOS Sodium tetrapnosonate X X x P S . Milchem
QIt. MUL Additive lor stable invert X x P s S Messina
emulsions
Lo OIL MUL-L Liquig additive for stable X X e $ S Messina
] Tinvert emuisions
: QILMUL-P Powder additive for stadle X X P s S Messina
invert emulisions
OILPACK - Oil base packer fluidconcen-. X X- X X X X X X X X P Messina -
trate ’ : -
OILSPERSE Amine b ] P P P  Bnnsad
OILSPERSE-I Mud removal agent x

X Haihourton

-116-



and potassium

-117-

Recommenged for These Systems Funcrioning As:
. Oii- °
Worid Oil’'s 1979-80 | | [==] |:
h-3
l High < "l e [
- - Low oK ,'2 - 3 €l eln o
. H = e1gle vlE z b
=iunas auiage L AARHEHEHHH
i3 £ o elslaizlels FRR-ED
NI = iz« HelEistiz|21. |E(S|%
izl (218118 HEEBIHHEB M IR
Slz|=|81e|812le w|Z{C|EIE[E|&]c 18 els €19
Ste|siglz|slBislel2lE|21ElSi8is]|e SlEIS|e|Els|El(Si8
sletal=lglzlo|siZ (ol |2|5]2|E{8(=|E1C|e|&E(cl8[2]B]¢
Elei=iSE Sl Bz (x|£|BIEISI1EI5|31BI213IZ 12121813 ave
Proguct Tragename Description of Marenist clgjwle S laiB)e i) iw|Sji|uija|jasjB D)= |510]5 O] Avsiadietrom
OILSPOT Sacked conc for h dense X x X x X X P K] Messing
spotting tiyie
QILTONE " Flwd toss control agent X X S Messina
onuvis - Viscosity ang gelling ggent X X P Messing
OILWET Oil wetung ggent X X H] s Messing -
OMG-40 Viscosiher/weight suspension’ X X - Mizedl
OMG-40 LIQUID B Viscosifier/weight suspension X X 14 UBM
OMG-40SOLID B Organophilic clay X X ugm
OS-I1L Oxygen scavenger X X x X P Magcobar
PAC Polvanionic celiviose X X X X X X X s 8§ e 3 s Baxer Chem
PAK-R.CHEM Biocige for arithing ang X X X X X X X | 4 Unned Mug
pecner fiunigs
PAL.MiIX-.100-8 - Orgsmic polysacchride X X X X S § S 4 P PAaL.
PAL-MIX 110-R [of ooly Yy X X X X X X X X x X . P PAL.
PAL-MIX 150.D Enzyme bresker X X X X X X X X X 14 PAL.
PAL.MIX 150.F Enzyme bresker X X X X X X X X X X P PAL.
PAL-MIX 200 HCl acig X X X -X X [ PAL
PAL-MIX 210 Liquid oetoamer X X X X X x X X P P PAL.
PAL-MIX 225 Surfactani-detergent P PAL
PAL-MIX 235.A Proorietary hqui@ X-Algenyde X X X X X X X X L4 P PaL.
Pius .
PAL-MIX 236 Water-soiuble corrosion e
mhibitor/viostart
PAL-MIX 288 Alkaline catalyst X X X X X P P PAL.
PAL-MIX 305 Fine catcium carbonate tor X x X X x X X 4 14 s PaL.
polymer, 325 mesh
PAL-MIX 333 . Sized caicium carbonate tor
polymer fluigs
SG gradations 12-325 mesh
> G_gradations 12.100 mesn
EC graastions 3-16 mesh
PAL-MIX 375 Hydroxyethyi cellutose X X X X X X X x ss P p S ® PaL
PAL-MIX 330-A Biended polymer system X X X X X x $ § 8 P S § § L4 PAL
PAL- IXA 232 Biggegradadie-non liycrescing X X X X X X S P s 14 S PAL
N liqud copolymers :
PAL-MIX FLOC-AN A poiymar 1 X X% X e PAaL.
PAL-MIX FLOC-ONIC Non:ionic poiymer flecculant X X X P PAL 7
PAL-MIX FOAM.R tiquie toam agent tar con- X X X X X s P P S PAL
frolied hait.life drig.
or W.0
PAL-MIX AD-238 Ammonium Bisuitite "X X X X X X X P PAL
PAL-MIX RD-320 Qil-soludle fluig-10ss agditive X X X X X X X 4 s PAL
tor brines
PAL-MIX SUPER.FAC Hesvy duty cieaner s P P.AL.
PAL-MIX SUPER.X Compiex copoiymer grilling } 4 X X X X s s P PAL
. 11
PAL-MIXSUPER-X-G.S.  Thixotroapic drilling potymer X X X X 4 PAL
w/get strength
PAL-MIX X-TENDER.B Alkgline Phosphate Dius X X X [ 4 PAaL
PARAFORMALDEHYDE  Paratermaidenyde X X | 4 Mast companies
PELADOW 94-97% pore caiciym chiorige X X S 4 Baxer Cnem
PELTEX Ferrochrome lignosutionate X X X X X X X P King
PEPTOMAGIC Cruoe oil mud emusitier x s s ® Oil Base
PEPTOMAGIC LS Crude oil mug emulsitier X S s P Ol Base
PERFMEAL Polymeric-lignosultonate tor X X X X [ P Brinaad
ctay free tuigs
PERLITE Lost circulation matenisl X X X x X X X X P Hathburton
PERMA.CHECK Lost circulanion material X X X X X X X X X e Western
PERMA.LOSE Non-termenting starch [ S Miichem
FEgRO 150 DRILLING Hhign grade anapulgite X X X s P American Mug
LAY :
PETRO.DF Surtactant oefosmer X X X X X X X 14 American Mud
PETRO-FLO Ferrochrome lignosuitonate X X X X X X X s S P American Myg
FETROGIL 37-60 8 Polymer-bentonite extender X X X X P p- ™ Rnone-Poulent
PETROGIL 1881 Emuisitier X x X X X P Rnone-Pouienc
PETROGIL A 46 Wetting agent, thinner . X X P s Rnone-Poulenc
PETROGIL ARF453 Emutsilier, fiitrate reducer. 4 P Rnone.Pouienc
stabihizer
PETROGIL ARG Drilhing getargent X X X X X X X P Rnone-Pouienc
PETROGIL EP Extreme oressure acditive X X X X X X X 4 Rhone-Poulent
PETROGIL F54 Basic emuisifier. s'moihuv X [ Rnone.Poulenc
PETROGIL RF3 Temperature tiltrate regucer X P Rhone-Poulenc
PETROGIL SIV.CONC Viscositier, geiiing agent X P Rnone-Poutenc
PETROGIL X Invert spoting agent for X X X X X X 14 RAnone-Pouienc
freeng stuck pioe
PETRO-LIG Lignie maternial X X X X X X .S S 4 American Mug
PETRO-LIG-K Reacted product of ignite X X X X X X X P 14 P American Mug
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! PETRO.LUBE " Biodegragaple-ngntoxiclunri- X X X X X X X P 3 Amencan Mug
- cant ana bit balling sgent
PETROTONE Qrganaoniilic ciay powder tor X X P 8aroig
use as oil mud suspentieo .
agent :
PH.10 ' Butters tor clay tree fluids X X X P Brinagg
pH-REGULADOR pH contral and corras. X X X X X P S - P uem
1nhid. hquid . .
PHENO SEAL Fiat, chip shaoe, thermosetres. X X X X X X X X X P Monteilo
. naid material, particie graded
PIPE LAX Surtactantmtl. iobemizedwith X X X X X X X X Magcodar
diesei oil to fres piDe . . o
PIPE.LOOSE Surtactantmtt. lobemixedwitn X X X X X X X . : Orui. Adg.
giesei oil 10 free DiDe .
PIPE.QFF Surtactanttobemizedwith X X X X X X X X ’ Ouie
diesel cil to iree stuck proe - -
PIPE OQUT -+ Qil solubte surfactant X X X X X X . P COA/HMC
PLUG-GIT Procassed hardwood fiber X X X X X X X P Baroig
PLUGMIX o ot gr X X X X X X P usm
fibers
PLUG.SAL Sizeq sait with disgersant X ° Texas Brine
: PLURADOT Surtaciants X X X- P P P P BASF Wysndotte
B PLURAFAC Surtactants _ X X X P P P P BASF Wyanacite
PLURONIC Surfactants X X X P P P P P BASF Wyangotte
PLURONIC R Surtactants X XX P P P P BASF Wyangotte
POLIDRIL Potymer tor ciay free drilling X X X X X X X P 1 P . 8rinaga
POLIMEAL Polymernc iignosuitonatecom- X X X ] Bringga
piex tor clay-iree fluids .
POLWVIS 10 Synthetic tioccutant X [ CDA/MMC
POLY-AN Hi molecuisr weight poty- X X X X X X X X S S p P P Orilisste
POLY.BEN Potymer. flocculant ang X X XX P . P Messing
ventonite extender
POLY-BRIDGE Seit complexing polymer ug X X X : P Milchem
POLYBRINE : Acid soilubie material 1or vis- X X X X X X S P - Oil Base
cosity ang fluid loss control
" POLYCLAY . Sentonite extender X X X 4 4 Orilisate
POLYDALG Moditied HEC X X X P P Origmud -
POLYFLAKE Qil sol. pastic titm X X X X X x X X X . P . Barord
POLYLUBE Extreme pressure lubricant X X X X X X X [ Qit Base Ger.
POLY-MAGIC Co-polymer X X X P S P Qil Base
POLY-MAGIC 21 Co-polymer X X S P s Qil Base
POLY-MAGIC. 100 Co-polymer X b 4 S P s Qil Base
POLY-MAGIC HT -Co-poiymer X X ) P S Qil Base
POLY-MAGIC SUPER Co-polymer X X X s S 14 Qil Base
Wi VIS
POLYMER 214 Scaleinhibitor X X X x X X X 4 Aquaness
POLYMER PLUG Lost circutation plug X X X X X x 4 Doweti
POLY-NOX : Oxygen scavenger tor x X X P Miichem
polymer fluids
POLYS Sodium polyacryiate liquid X X X X X x X P S S ‘Wyo-Ben
system
POLY-SEC . Selective flocculant and X X X P Am Cotioig
. bentonite extender .
. POLY.SEC KD Setective fioccuiant and ben. X X X [ Am. Collowd
: tonite extender tor NON-dis-
s persed muads . -
POLY.SEC UD Polymer tor nongispersed muds X X X ' s P Am. Coligid

- POLY-SLICK Granular high angte dritling X X X X X s Messina

fybricant . :

+ POLYSURF Driliing mud surtactant X X x X x X s P CDA/HMC
POLYTEX Organic polymer blend X X X X Texas Bv;ne
POTASSIUM CHLORIDE  Potassium cnioride X X X X X P Most comoanies
PREMIUM GEL Bentonite X X X P L L4 Am_ Colimg
PRESANTIL Surtactant mixed with diesel X X X X X X xX X [ ] P e Lampert

10 free stuck pioe . . .
PRESERVATIVE ¢4A0 Paratormaidenyde X X X X X P i CDA/HMC
PRESERVATIVE PCP S, - X X X X X X X P CDA/HMC
PRO.2 Coating for atmospheric corro- P Micnem
sign conditions
. PROCIME Caiciurn-iignosuitonate X X X X X X P s P Avebene & CECA
PRO FIBER Shregded excaisior material X X X X X X X X X P Wyo-8en
i ) emuisions anc water blocks . . ) ang ECCO
; PRQTECTO FOL Water dispersable asphait X X X X x X X X S P P S uaM
additive
PROTECTOMAGIC Qil dis~ arsed asohait usedas X X X s S S S Qil Base
. oil unase in emuision muds )
PROTECTOMAGIC-M Water dispersanie asphait X X X X X X X S [ P s Qil Base

additive -
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PROTECTOMAGIC S Sacxes asphaltconc.tocation X X X X X X X X s s P S s Ol Base
mixed w/diese! 1or use as il
. phase 1n emuision muas
PROTECTOZONE J211 Flutg-1038 additrve for brines X X X X X (4 - Oowei!
tess than 9.6 009
PROTECTOZONE J212 Flwid-ioss saditive tor brines X Dowelt
neavier than 8.6 p0g -
PROTECTOZONE J213 Fluid loss additive tor brines, X X X X S P Dowet!
prem:xed package (3011G3)
PROTECTOZONE J214 Bridging agent tor workover X X X Dowell
brines
PROTECTOZONE J218 Brine viscositier X S e Doweli
PROXEL AB Muyd snd starch oreservative X X-X X X X X 4 s Ic
PROXEL GXxL Mug and siarch preservative X X X X X X X P s
PW 20.20 Polyaniomc fluid fossreducer X X X X X X X S P P 4 Novacet
anc viscosifier
PWG Polymeric water gei X X X X X X X X P HaHtiburton
O-BROXIN Ferrocniome ignosutionate X X X X X X X S S $ P Barowg
QF.5 Celluicse geiling agent X X P Caramnat
QF.§ Chemicatly modgified low X x X P Cardinal
resicue guar
Q:PILL Potymeric tor clay free Huigs X X X P P P Brinaad
Q-TROL InniDited Mmugd a00itive X x X X S P Am. Collowg
QUEBRACHO Quebracho (1annin) extract X X X X X x X 4 P Most compantes
OUICK.SET Quick setting cement Western
tor lost circutation
QUIK-FOAM Biocegradabte toaming agent x Barow
QUIK-GEL High yiei¢ benton:te X X P Barora
QUIK-MUD S ot ated X X X X S s P Barow
viscosihers - -
QUIK.TROL Organic polymer X X X X X X P P Barowg
RAPIDRIL Organic polymer, Clay extenger X X X P ] Magzobar
ang soligs flocculant
RAYVAN Chrome tignosultonste X X X X X X P Wyo.Ben
RD-11 Acid corrosion inhiditor X X X P Caramne
RD-12 High temperature 8cid corro- X X X P Carcinal
10N nhiditor
REDOU-TORQUE Extreme pressure lubricsnt X X X X X X X P Oil Base Ger
AED DEVIL CLAY High yieid bentonite X 1] American Mug
AEDWOQD FIBER Redwood fiber X X X X X X X P Most compantes
REGULATED FILL-UP Qurck set cement for lost L Dowell
CEMENT circuiation -
RELEASE Surtace sctive agent X X X X X X X S S L Monielio ang
ECCO
REMOX Catalyzad sodsum sullite P Arnoid & Clarke
REMOX L Liquid sodium disutfite P Arnold Clarke
RESINEX Resin sachitive. fluigd logscontrot X X X X X X P s Magcobsr
agent
RETABOND A.P. Selectve fioccutant PP Senoiten
REV-DUST Inert clay X X X 14 Wyo-.Ben
RFR 123 Resinoys filtrate reducer X X X X X X X P Trinity Mug
RHODOPOL 23 High moiecuiar weignt tong X X X X Rhone-Poulenc
chain poiymer xanthon gum & CECA
RMODOPOL 23-P Xanthan gum dbropolymer X X X x X X X S P Ahone-Poutenc
RHODORSIL Silicone anti-toam X X X x X x X P Rnone-Poulenc
ROCAGIL AcTylic resin and Cataiysts X X X X X %X X X P fnhone-Pouienc
ROCAGIL 1295-5 Acrylic resin ang catalysts X X X X X X X X X X ] 14 Rnhone-Pouienc
ROD LUBE €. P. lupricant for arill rogs X X X X X P Magcobar
RUF-PLUG Weody ring of cern cob X X X X X X X P Wyo-Ben
5.61 Amine base scaie inhib. X X X x X X X P wvo-Ben
SALINEX Seawster emuisifier P s ] ~ Magcobar
SALGITE Attapuigie Clay X P Arnoid & Clarxe
ALT Sogium cniorige X X x X X X [ 4 s s Most companies
- SALT GEL Attapulgite clay X X P Magcobar
SALT GEL HI-YIELD Attapuigite X X x X X P gCcco
SALT MUD Attapuigite clay X X : P Wyo-Ben
SALT WATER CLAY Attapuigite clay X X X X x S P Americsn Mud
SALT WATER GEL Attapuigite clay X X X X X P Milchem
SAM ¢ Specer fluid X X X X X X X X X matltburton
SAM S Spacer tivid X X X X X X X X Halliburign
SANMHEAL PILL Polymeric-lignosultonate X X X P P P Srinada
compiex for clay tree fivids
5APP Sodium acic pyropnosphate X X X 4 P Magcooar
SCALE-BAN Scale nhipitor tor arilling X X X x x- % X P Michem
mugs
SCALEHIBIT $.208K Scale innibitor X X X x X X X 4 C-E Nawco
SCALEMIBIT S.401 Scate inhivitor X X X X X x X P C-E Natce
SCALEHIBIT S.404 Scale inhibor X X ¥ X x X - R
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SCAVENGER x Ma§ Powdered inorgamc HaS X X X X X X X X X H S P Lamoert
L . scavenger
SCOATRON GOF.50 Detergent, scaie. corrosion X X X X X x X X X s P Champion
inniditor ) - .
SE.11 Seconaary emutsitier tar oit X X P s S Magcovar
base and invert emulsion
muads
SEABAR Barum sulfate X X X X X X X P Seamuc
SEABEN Bentonite X X X X X X X s 4 Seamud
SEA BLEND Fittrate regucer and X X P |4 Sesmuc
viscosifier .
SEA CARS Lost circulation and x P P Seamug
X weignting material
SEA CLAY Fibrous astesios X X X X X X X X S [ Teinite
- SEAORILL High yield viscosifier X X X X X s ] . Champion
SEA.FLO Quick.dissolving ni- XX XX X X X s s P P P Enka -
moiweignt poiymer
SEAFLO Atuminum compiex ligno- X X X X X X X S Seamuyd
sultonate
. SEAFLO-C Chromaeiignosultonsie X X X x X x X S s S o4 Seamud
‘ SEA-FREE Pipe fresing compound X X X X X X X Xx ’ Seamud
: SEALIG Lignite X X X X X S P S Seamud
SEAMUD Sepiclite X X X ) X X S P My
SEAMUL Sait water emuisitier and X X X X P S ) Baroid
surtactant .
SEA VIS Viscasifier P Seamua
SEPARAN Clay fiocculant X - P Milchern
SEPGEL Sepioiite X X X X x s P Orillsate
SERVO CK. UCA Corrosioninhibitor. bactericide X X X X X X X 4 P Servo
SERVO MCA Oxygen scavengers. fiocsu- X X X X X x X 4 P Servo
lants
SHALE LIG Potassium lignite b b 3 P Arnoia's Qlarxe
SHALE-TONE Waettabie sspnaitic biend for X X X X x X X S P P Dixie
shale control
SMUR.GEL Beneticiated dentonite mud X X ) Baroia
conditioner . .
SHUR.PLUG Oenydrated graged cellulosic X X X X X X [ P -Shur.Plug
- brigging sgent
SHUR.PLUG Granuiar polymer/ciay diend X X x X X X X X X P Shur-Plug
BRIOGE BOM8B tor sealing vuguiar 1038 20nes
SHUR.PLUG LINK-.yP Alkaline liguid cataiyst X X X X X X P P Shur-Plug
SHUR.PLUG Blend of watersotublepslye X X X X X X X X X X s P e P Shur-Plug
PRONTO-PLUG ‘mers & graded calluiesic
bridging agent
S1-1000 Scale innibitor X X X X X Xx X P Magcooar
SIDERITE Acig soluble weignt material X X X X X X X P Magcober
SIGTEX Synthetic polymers X X X X P Texas 8rine
SIMPLE SEAL Polymeric lignosuifonastecom- X X X . P P Sringdg
plex & sized carbonsts blend .
SIMULSOL P4 Emuisitier oil-water X X X X x X X P S CECA
SLICKCOAT Pipe coating ludricant X X X X X X X P ] S  Messina
SLICKPIPE ' Biodegragadlenon-toxicmud X . X X X X. X X P S S S  Messing
iubricant corrosion inhibitor
anda dieset ol substitute
- SLix Torque reaucer X X X X X X P Manteilo
SLUGGIT Caicium carbonate for clay free X X P 8rnnagd
COARSE fluids (particie sized) -
GRANDE
MAX
MEDIUM
MICRO
SLUGHEAL Polymernc-lignosulfonatecom. X X X P P Bringda
ptex for ctay free tivids .
SODA ASH Sodium carbonate X X X X x X H] > Most companies
SODIUM BICARBONATE  Sadium dicartonsts . X X X X X X s $ S Most companies
SQOIUM CARBONATE Sods ash X X X X X X X s 4 Mast comoanies
SODIUM DICHROMATE  Sodium dichromate X X X X X X X P S  Mostcompanies
SODIUM HEXAMETA Sodi : X X X X P P £CCO
PHOSPHATE
SODIUM SULFIT! Oxygen scavenger - X X X X X X X P Mostcompanies
SOLKWIK - i - et X X X X X X X X S S 14 Enka
SOLTEX Suitonated resiguum X X X X X X X X PP S P Orill Soec.
ang ECCO
SOLUBLE-WATE Acig soluble weighting meterigd X X X X X X X P Messina
for workover/compieton ‘
fluids
SOLUBREAK VIs'cosity treskerforclaytree X X X Brinady
luios
SOLUBRIOGE Particie sized resin for clay free X X X P Brinagq
FINE fiuids .

MEDIUM
COARSE
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SOLUKLEEN Polymeric-hignosultonsiecom. X X X X P P Brinage
Diex for Clay free Hinds
SOLVAQUIK Emuisitier tor clay free fivids X 14 P Bringge
SOLVITEXC P. . Moditied polymer X x X X S 4 Scnolten
SORB8.0Xx Oxygen scavenger X X X X X x X - P Messina
SPACER 1000 Mug—cement spacer. fluidioss X X X X X X X P H] Oowe!!
control agent
SPACER 1001 Cement spacer tor oil X X [ P Dowet!
base mucs
SPEEDER.P Extreme pressure lubncants X X X X X x x x X s P P Teinite
and wetting agents
SPEEDER.X Surtactant for mixing witn. X X X x X x X X Teinite
: areset oil 10 iree DiDe
SPECIAL ADDITIVE 47 Non.viscous organtc 1ad. for X b4 s S P s S Oil 8ase
(reatmg witer, water base
mug or gry coniam. of oil
base muds §
SPECIAL ADDITIVE 47X Powaer for tresting oil base X s P Oit Base
muds contaminated by
water base muds
SPECIAL ADDITIVE 58 Weight suspens:ar stadilizer X 1 ¢ P s Oit Base
angd mixing adjuster tor Oil
base muds
SPECIAL ADDITIVE 77 Suriaciant 1or trestment of X X 5] P O Base
water contgmiagtion
SPECIAL ADDITIVE 81 Oil base mud stabilizer X P s s P S Oil Base
© SPECIAL ADDITIVE 81-A  Concentrated oil base mud X P H s P S Qil Base
stapitizer
SPECIAL ADDITIVE 252 Detoamer tiuias X X X x X x X 4 Oit Base
SPERSENE Chnrome lignosultonate X X X X X X X S [ 4 Magconar
STABIL HOLE Sacked asphait-gdded Ory to X X X X X X X x X s S s P S Magcobar
system of as & mixture with .
oil
STABILITE Organic pnosohate thinner X X X S P Barowo
STABILOSE Carboxymetnhylated polymer X X X X X [ S Scnoiten
low viscosity
STABL.PROP Chrome-lignite X X X X X X s P P Drill Acg
STABL.VIS Chrome-lignosulfonate X X X X X X X s -] S P Drit Acd
STAFLO High moiecular wergnt poty- X X X X X X X X S P P P Enka
amonic celiuiosic potymer
STAFOAM 202 Bipdegracadie foaming agent X X X X P P American Mug
STAFLO-EXLO Polyanionic ceilulose X X X X X X X x s P P S Enka
STAACH Pregeistinized starch X X X X X X X [4 3 s Most compeanies
STARFIX Non-termenting starch-dased X X X X X X 4 s S Messing
poiymer
STARLOSE Non-fermenting starch 4 H Milchem
STORIT Preservative for ciay-free X X X P Bringacd
) Nuigs
STUCKBREAKER Surtaciantproductiormizing X X X X X X X P P Messina
with diese! oil 10 free stuck
pice
SUPER ASBESTOS Aspestos fibre X X X X X x s P CDA/MMC
SUPER COL Mod. extra high yieid bentonite X X X X X S 4 Milchem
SUPER DRIL Speciaily treatad gilsonite X X X X X X s P s Montetlo
SUPERDRILL Trested gilsonite for dispersad s 4 P S Chemo
systems .
SUPER EXTEND Bentonite extenger X X X X P 4 COA/MMC
SUPERGEL Beneticiated bentonite b 4 X 4 Arnotg & Clarxe
SUPER GEL High yield bentonite X X X P P P Am Colloig
SUPER LIG Lignite X X x X ] P 1] Am. Coilorg
SUPER LUBE FLOW Pure. pulverized. higntemper- X X X X X X X 4 P Montetio
ature gilsonite
SUPERMUL Non-ionic emuisitier X X X X X X X s CDA/HMMC
‘SUPER SHALE-TROL 202 Organo-aiuminum compiex X X X x X X P Mitchem
SUPER TREAT Sotuble lignite X X X X ] [ ~ Am. Collowe
SUPER VISBESTOS Fiberous aspesios materisl X X X X X X X X e Magcobar
SUPER VISBESTOS Pre-sheared. wel-refined. X x X X X X X X X P Montelio
(CRUSHED) pelletized. crysotile esbestos
SUPER.WATE Specisl nigh gensity weignting P Meagcobar
mater:al 1or blowout control
only
SURF.ACT Muyag surfactant. shaie and X X X X X X X s P Messina
solias controi agent
SURFAKE Emuisiier X X X X X X X L2 ] S Magcooar
SURFAK M Nonionic surtactentforsoligs X X X X X X X 14 ] Msgcotar
controt: solultizer for CMC-3
stareh fluids
SURFATRON DP.61 Surfactant X X X x X X X P Cnamor”
SURFDRIL Bicaegradable. non.ionic X X X X X X X 13 P Americ an Mud
wetting agent
SURFLO-B11 Corrosion innibitor and diogide S P Barow
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SURFLO-833 Biocige for drig. and pke. flyias X X X X X X X [ Baroid
SURFLOQ.M35 Scale innibitor X X X X X X X Baroid
SURFLO-8362 Foamng agent for fresh or X P Baroid
sait water
SURFLO.S37¢% . Foam:ag sgenttqr tresn or X ] —- Bargid
sait water
SURFLO-8378 Foaming agent for tresh or X P Barote
sait water
SURFLO.S380 Foarmng agent for fresh or X P 8aroig
salt water
SURFLO-W300 Surface sctive defcamer X x X X X 4 Baroid
SURF-LUBE Powdered surtactantiubncant X X X X X X X X s P S L -] Dixie
TANNATHIN Lignite X X X X S &) 4 Magcobar
TANNEX Quebracho extract and lignitic x X X X X S s P Baroig
mtt. :
TBA Temporary blocking agent . P Hatliburton
. TEL-BAR . Barne (Darytes) X X X X X X X x X 1 Tetnite
TEL-CELLOSE-M CMC (pure grade hi-vis) X X X X X X X s P Telnite
TEL-CELLOSE-L CMC (pure grade 10w-vis) X X X x X X X P s Teinite ~
TEL-CELLOSE-TL CMC (technicai gradeiow.vis) X X X X X X X 4 S Teinite
TEL.CELLOSE.T™M CMC (technicat graderegular) X X X X X X X P s Teinite
TEL-CLEAN Water soludle iudricant X X X X X X X S P P Teintte
TEL-0.0. Oritling mud detergent ang X X X X x x X S 8 P Talnite
waetting agent
TEL-DEXT Organic polymer X X X X X X P s Teimte
TEL.FIBER Fibrous material X X X x X X 'X X X p Teinite
TEL.-FLAKE Shredded cellophane fiakes X X X x X X X X X L4 Telnite
TEL-GEL Bentonite X X X X X Xx S L] Teinite
TEL-LIG Ferrochrome lignasuitonate X X X x X X X s S S P Teincte
TEL-LIG-K Ferrochrome potassium X X X X x X s S S P Telnite
lignosulionate
TELNITE.A Processad lignite X x X X X S P e Teinite
TELNITE.B Processed sodium lignite X X X X X S P . P Teinite
TEL-PLUG Ground weinut snells X X X X X X X X X X [ Teinite
TEL.POLYMER.L Potyanionic ceitulose X X X X X X S s P P Teinite
TEL-POLYMER.H Potyanionic cellulioss X X X X X X § § P P P Teinite
TEL.PHOS Sadium retrapnospnate X X X X X 4 Teinne
TEL.-SAPP Sod acid pyr X X X P Teinite
TEL-SEAL Verm:cuiite flakes X X X X X X X X X P Teinite
TEL-STOP Cotton seed huils X x X X X X X X 4 Teinite
(coarse and tine) :
TEMBLOK High viscosity tluid 14 Mailiburton
TEMPQSEAL Temporary lost circulation X X P Waestern
olug .
TEMP-WATE Coarse barite for temporary X X X X X X X P Messing
waight contral :
TETRONIC Surtactants X X 14 P P P’ BASF Wyandotte
TET THIN Sodium tetrapnosonate X X X X X ] P 4 CDA/HMC
THERMOGEL High temperature sepiolite X X X X S P iMv
THERMO.SEAL Dispersabie hydrocarban for X X X X X S P s P Messina
. HT water loss control’
THEAMO.TROL Resin=lignitic biendfor HT/HP X X X X X X P ) S Messina
rheoiogical/water loss control
THIX Emuyisifier tor clay freefluias "X X X P P 8rinage
THIXOLITE Lightweignt thixotrooic cement 4 Western
for lost circutation
THIXOMENT Thixotrogic cement tor 10st P Western
: circulation
THIXOMIX Thixotropic cement - P Halliburion
THIX.PAK Emuisitier for clay free fluids X X P Brinage
THIXSET CEMENT Trixotrooic cement X X X X X X X X % 4 Halliburton
TIMPLEX Lignite based thinner and X X X X X X P 4 ~ LM
fluid loss reducer tor high
temoerature service
TLC Temporary loss control L] Halliburton
TOL-AEROMER Oxygen corrosion innibitor X X X X X X X X X X P Tretolite
TOL-FOAM Foaming agent X X X X [ S Tretolite
TORKEASE Drilting mud fubricam X X X X X X X p s DSC inc.
TORQ TRIM 1t Biodegradableandnon-toxic X X X X X X X P Baroig
tubricant
TORQ-TRIM Biooegragabdle. non-toxic X X X 4 Baroig
jubncant .
TORQUEOQUT Biodegradadte-Non toxic X X X X X X x P Drigmud
lybncam
TREAT Polymeric for clay free fiuids X X X Brinsad
TRETOLITE Muttipurpose products X X X x x X x X P P S P S P S PP Teetolite
TRILEX Basic invert oif emuisilier x P Deita Mug
TRIL-G Qil mud asohaitic geliing sgent x P Oeita Mug

-122-
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Product Tragename Description of Materiat sleialé 5 cl181218 121218 |8 S1SIEIE1e|8|E8 121352 ..5, Avaiigpte trom
TARIL-OX Comptimentary invert oil X P P Del1a Mug
emuisifier (Quick imet
TRIMULSO Oulein-water emuisifrer X X X X X X P S 4 S Barowe
TRIP-WATE Granuiar barrte X X X X X X X x X P P - Barow
TRI-S Surtaciant saditive 10r work- Mathiburion
over gnda completion Huig
T15-201 Potvmeric-hgnosultonale X X X P - Brinage
compiex tor Ciay tree liuwds .
TUF-PLUG Watnut shells fcoarse. megium. X X X X X X X P Hathburior
ana hinel
TUF.PLUG Watnut sneils X X X X X P Western
T-291LL Polvmeric tor ciay iree tiuias X X . 14 P e Brinade
ULTRADEFOM Detoaming agent X X X X X X X X P Merit
ULTRADEY Surtactant. mug detergentanc X X X X X X X x s S P Merit
' emulisifier
ULTRADRYL Engineered drilling Nuwd X X X X X P P P e Merit
ULTRAFLOK Non-gelective lloccuiant P Merit
ULTRAFLOKOR Non-gselective flocculany/ P S Merit
anti-Corrosive
ULTRAFLOK-SEL Selactive flocculsnt P Mernt
ULTRAFREE Spotting agent X X X X X X X X X P Merit
ULTRAKOR Anti.corrogive X X X x X X X P Menmt
ULTRAPAK Viscositier and filtrate reduc- X X X X X X X s P L4 Menit
fion sgent
ULTRASAFE Workover fluid X x X X 4 4 Merit
ULTRASEAL Seepage snniditor X X X X X X X X Xx P Merit
ULTRASPAN Viscosiher and tiltrste reduc- x X X X S S P S Merit
hon sgent
ULTRAVIS A ifter and nole g X X X X X X X X S P P Menit
agent (replaces asbestos
tiders)
UMS FIBER SEAL Blended 108t circulation mi). X X X X X X X Unitee Mud
UNL.CAL ‘Cnrome mod. sodium X X X X X X S ] P Mitchem
lignosuitonate
UNI.DRILL Sodium potyacrylate iquid X X X X X X S Wyo-Ben
system
UNI.FREE Surtactant to be mixed with X X X x X X United Mud
diesel oil 10 free Dipe
UNITED DEFOAMER Liguig anti-toam ageft X X X X X x X P United Mud
UNITED GEL Wyoming bentonne X x X P 4 P United Mug
UNITED INMIBITOR Corrosion innibitor X X x x x X P P Unied Mud
UNL.THIN Causticized lignne X X X X X X s S S . e Unrneo Mug
VEN-BLEND Compbination of tibers, X X X X X X X P Venture
granuies. and fiakes
. VEN.CHEM 300 Organic polymer X X X X X s P Ventyre
——
VEN-FYBER 201t Micronized, surtacemoditied, X X X X X X X X X X S s P Venture
cetiviose-base tiber
VEN-GEL High yieid bentonite b4 } 4 4 venture
VENTURE BURR PAK _Biend of organic fibers X X X X X X P venture
VENTURE FIBER KANE Ceiluiose-base csne fider X X X X X X P Venture A
VENTURE POLY Densitied and expandanie X x x x X x x [ Venture
PELLETS fiberous LCM product :
VERLOW Qil soludte surtactant X P P CDOA/MMC
VERMUL invert emuisifier, fiuid loss X CDA/HMC
control agent
VERMUL S Supplementary smuisitier . X X ) CDA/MMC
VERT Polymeric for clay free fuas X X X . P Brinaoa
VERTILE invert emuision X P P P Magcobar
VERTOIL Sackeo invert emuision X P S s Magcodar
mud conc.
VERVIS COrgano metaiiic powder X X s 4 COA/HMC
vG-69 Geiling agent tor invert X S P Magcobar
emutsions
VISBESTOS Inorganic viscasilier emuision X X X X X X L] Magcobar
mud
VISCOGEL 818 High temperature notymer X X X X X X X ] [ s ~ Scholten
VISFLO (REGULAR S High molecuiar weignt Doly. X X X X X X X S 4 5 4 Mess:ing
SUPER 20) anoni¢ cetiviose
VISGUM Mogitied guar gum X X X S 14 COA/MMC
VISQUICK \norganic viscosier X X X x X x X 4 Magcobar
VISTEX Synthetic polymer & sized X X X s P Texas Brine
carbonate dlend
VISTROL Causticizet quenracho X X X X X X X . P P Arnoid & Clarxe
W. 703K Oxygen scavenger X X X x x x X X P C.ENatco
WALL-NUT Groung wetaut hulis X x X x X X X X X P Most compantes
WATESAL Size0 salt with dispersant X S P Texas Brine
wC.14 QOrgamc posyelecirolyte X 4 Tretolite

polymers
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WEIGHTEX Catcium caroonste X X X x X X X X P Tenas Srine
WHITE MAGIC Emuisitier and thinner for x X X X X X X P S S L Oul Base
emuision muds
WK.1 Filtrate reducer for kil X X X X P S Western
fluigs
wtL.100 Sodwum oolyacrylate X X X X P ROS!
WMW. Mud remnovai sgent X X X - Western
w.0. 20 Hign-yieia poiymerc tor X X X L4 4 Miicnem
visgosity and filtration controf
we 2t High yietd polymer X X X P Muchem
viscosttier -
wo 22 ACid sotudie potymeric viscasi- X X X X L4 P Miichem
tier-iow aengity fluids !
wa. 23 Acid soiubie polymeric viscosie X X X X P P Miignem
frer-nign density fluids
w.0 30 Acid graded caici X X X P S Mitchem
caroonate
wo 3¢ Acid solubie-nigh specitic X X X X X X [ Milchem
gravity weighting materigt
W.0. 50 - Polymer and graded calcium X X [ Miichem
caroonate
WO DEFOAM Alconol base comoound [ Mitcnem
WYQ.BEN X Potymer. fiocculant ang X X X P ] Wyo-8en
ctay extender
X-9004 Powdered catalysed oxygen X X X X X X X P C.ENatco
scavenger
X-900L Oxygen scavenger X X X x I 4 i P C.ENatco
X-905 Oxygen scavenger X X X X X X X P CE.Nawo
X823 . Siopotymer X X X X X s P CECA
XC POLYMER Xanthym gum diopoiymer X X X X X X X s § P Ke&c: &
. moletion
XKB.LIG Potassium lignite X X X X X P s S Milcnem
XK8-THIN Iron comptexed lignosutfonate X X X X X S '8 s Milcnhem
XMDL Muttr.functionat drifling hquid X X X X X X X C P S ROSI
XP-20 Chrome lignite X X X X X X S P . e Magcobav
X-PEL G Water digpersabia ssphaltite X X X X x X P e RDSI
{Gilsonitey
XPK. 2000 Atmospneric COrrosion NNiditor P Magcobar
X.TENO Powdered fiocculamandciay X X X X P L4 Baroia
extender .
ZEQ Polymer:c for Ciay tree lluids X X X P [ Brinage
ZEOGEL Attapuigite powaer X X X X X P Baraid
ZERO TORQUE Graded granularthermobeags X X X X X X X X X 14 . Deita Mug
2ZINC BROMIDE Zinc bromide/caicium bromide P § DettaMuo
{hquid biend)
.
~
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APPENDIX B
DEVELOPMENT OF CONVECTION-DIFFUSION MODEL‘EQUATIONSl
For the purposes of detection-system design, the

convection~diffusion equation will be used. The equation
is:

Dv2C - V . vC = 3aC/at (B=~1)
where |

C = the concentration of pollutant at point x,y,2z

D = the diffusion coefficient

V = a vector given the direction and magnitude

of fluid flow
time

t

- In pollutant fate modeling, V is not constant, but varies in
space across the agquifer. As V may vary, the use of equa-
tion B-1 for modeling pollutant transport in diverse areas
would be inappropriate; however, as detection-monitoring
stations are to be placed fairly close together, the varia-
tion in V may be neglected for detection~system design.

If we assume that a source of the pollution (o,0,t) is
located at the origin, and that V is in the x direction, and
that variation in the a direction may be neglected, the

solution of equation B-~1l is:

. |
dt - -t S
ClX,y,t) = F Closot-t]) — L ¢ ~[(x=Ve{)2 + y21/2Dt o ,,

o {(2«)20‘;1

where.
V = velocity in the x direction
D = the diffusion coefficient
t; = a small time interval

lFor background information, see Aris, 1978.
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For an initial burst that quickly damps out, the
form of C may be said to be:

C(o,o0,t) =P § (&) (B-3)
P = level of the burst at time 0
(t) = the dirac delta function.

The solution to equation (B-2), then, is:

P - [(x=Vt)2 + y2]/2Dt
c 'Yy Y — -
eres) (27) 2Dty © | (B4

Let us set the minimum detection level S¢ = Cg.
Solving the equation

P__ . - [(x=vt)2 + y2]/2D¢

—_ = Cq (B=5)
(27) 2Dty
we find
[(x-V£)2 + y2] = 2DT(W - 1/2 1ln t/t7] (B-6)
where
W = ln P/[2xCq(Dty)1/2]
t] = 1 sec '

Now, as the term ln t/tj is small compared with the
other term, we may neglect it, and we get:

(x=Vt)2 + y2 = 2DtW - : (B=7)

Equation 7 is the formula of an ellipse. Solving for -
one~half the width of the ellipse in the x and y directions,
we find:

ax = 1/2 2WDtg - (x-Vtg)2, for (x-Vt)2 < WDt (B-8)

0 elsewhere

Ay = 1/2 2Wwbt - y2, for y2 < WDty (B=9)

0 elsewhere

It can be seen that the maximum y spacing occurs at x =
vtg, and the maximum x spacing at y = 0, so that’ (Vto,O) is
an optimal place to put a station if we wish to minimize the
number of stations (see Figure B-1l).
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i X Equation of the Ellipse

(x--Vt)2+42=ZDlW

(Vig, +% \ 2WD1,)

Direction of
Groundwater

Flow
{ Vig—% \’ 2WDt, , 0) —) (V. 0)
¢

(Vig% \’ 2WD1,, 0)

Y

(Vig,—% 4 2WDt, )

Figure B—1. Location of Recommended Monitoring Stations for a Detection Monitoring
System, Based on the Solution of an Equation for an Ellipse Shqwing Pollutant Trace at
Concentration C,, (Detection Limit) at Time t, (an Arbitrary Time After the Spill).



The sampling frequency may be solved by finding the width
of t as a function of x and y: '

2.2 2.2
At = 4W7D ;V v 8x VWD (B=-10)

2V
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'APPENDIX C

DEVELOPMENT OF POLLUTANT EVENT MONITORING MODEL EQUATIONS
The conservation of mass equation is of the form:

= 23¢9 -

v - (DV) = a—t . (C l)
where p = the density of fluid, and V - velocity. This says
that the amount of fluid entering a small volume is equal to
the increase in density. ’

Darcy's law is expressed in the form:
V =. =2 [VP-pg"D] (C-2)

where V = velocity, A = a parameter known as mobility, P is
pressure, » is density, g is the gravitational acceleration
constant, and D is depth. This equation says that fluid -
velocity in porous rock is proportional to applied force.

A, mobility, may be a function of pollutant concentration in
the fluid. A '

The convection-diffusion equation is:

Dv2C - V.9C = §C/6t (C-3)

where C = the concentration of pollutant within a fluid, D =
a parameter known as the diffusion or dispersion coefficient,
and V = velocity of the fluid in which the pollutant is
dissolved. This equation is a relative of the heat or
diffusion egquation:

Dv2C = 8C/&T (C-4)
When V = 0, this is a solution to equation C-3. Thus, in the
frame of reference of the moving fluid, the convection-diffusion
equation simplifies to a simple diffusion equation.

The mobility Aj of a given fluid is composed of several
terms:
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KKri (C-S)

>
(1]

where k = permeability, «kyj = relative permeability of f£luid,
and uj = viscosity of fluid i.

IMMISCIBLE FLOW EQUATIONS

e Sy 3(040,5,)
V'[aon " (VPn - anVD)l + aq, f a 3t (C-6)
rnrw(sw) a(¢epwsn)
V-[apw - (VPw -pwgVD)] + aqw = a X (C~-7)
Po(Sy) = Pp-Py (This-is an empirical law, (C-8)
verified experimentally.)

where a subscript n = nonwetting phase, and a w = wetting
phase.

S = saturation (varies in space)
g = the gravitational constant -
gq(x,y,t) = source or sink, volume injected per unit volume

rock

depth (may vary in space)

h (thickness) in two dimensions (may vary in space)
l in three dimensions

effective porosity (may vary in space)

pressure (varies in space)

density (constant)

permeability (varies in space)

capillary pressure (varies in space)

o
nuwunwan

MISCIBLE FLOW EQUATIONS

ale_p S I
K - e’w w -
v [apw ;—; (VPc pwgvD) + agw = a ——-————"at (C-10)
Pe = Pc(Syw) (C-11)
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K
Ve = (VPc—pwgVD) " {C~12)
adg %E (5,C) = xq9+ (a¥C)=v_.¥(aC) + aq, (C-13)
where
C = concentration of pollutant in groundwater
a =.h (thickness) in two dimensions
= 1 in three dimensions

Pe = capillary pressure (varies in space)
Sy = water saturation (varies in space)
x = permeability (constant)
uy = viscosity of groundwater (constant)
¢e = effective porosity
C = concentration of pollutant in groundwater
k1] = diffusion of dispersion constant
g = gravitational constant
opw = density of groundwater
g = g(x,y,2,t) = source of sink volume of water

per volume rock
gy = water source term
gdc = pollutant source term

FLUID ALTERING EQUATIONS: MODIFICATIONS FOR POLYMER AND
SURFACTANT POLLUTANT EVENTS

Where the pollutant is polymer or surfactant, equations 14
and 15 must be added.

x(C) (C-14)

K

W uw (C) (C-15)

. DETERMINING THE SOURCE TERM

The source term g in both the miscible and immiscible
flow equations will vary according to the source of con-
tamination. For contamination from a leaky well, g might be
modeled as a point source:

g(x,y,2) = Q8(X=Xg) §(y=yo) §(2~20) (C-16)

where Q is the pollutant emitted and (Xg,¥o,20) is the loca-
tion of the leak. It is important to understand that this
case is not likely to be useful because, if one knew where
the leak in the well was, he would stop it and there would
be no source term. For contamination via a direct communi-
cation between strata, g might take the form
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g(x,y,2,t) = g*C*8x5,¥0,20,t) (C=17)

where g* = the fraction of reservoir fluid leaking into the
aquifer from the leak at point (Xg,¥os20), @nd C* is

the concentration of pollutants within the reservoir fluids.
This is related to the progress of EOR within the reservoir.
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APPENDIX D

USGS/NWDE GROUNDWATER MONITORING STATION
LOCATIONS AND SAMPLING FREQUENCIES

This appendix provides examples of the nature and
extent of data available for a groundwater gquality baseline
from the USGS data bases. Locations with high EOR potential,
selected as examples, are shown in Table D-1.

TABLE D-1. SUMMARY OF EXISTING GROUNDWATER DATA FOR FOUR
SAMPLE COUNTIES

No. of No. of
Monitoring Parameters
Location Wells Measured Freguency
Stephens County, Texas . 40 , 9 Seasonal
Wayne County, Mississippi 25 11 Annual
Osage County, Oklahoma’ 24 11 Annual
Kern County, California 663 14 Annual

Monitoring information for Stephens County is presented in
Figure D-1 and Table D-2. Maps and sampling frequency
computer printouts can be obtained from the USGS for a
nominal users charge.
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Figure D—1. Area map for Stephens County, Texas, showing lacations of USGS groundwater quality monitoring wells.



TABLE D~2. PARAMETERS MEASURED - 40 STEPHENS COUNTY
GROUNDWATER MONITORING STATIONS (See Figure
D-1 for Station Locations) ALL PARAMETERS
MEASURED SEASONALLY

Temperature

Specific Conductance
g

Dissolved Solids
Major Ions

Hardness

Silica

Nitrogen Species
Minor Constituents

AWBERC LIBRARY U.S. EPA
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