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ABSTRACT

STUDENT NAME : TAHA MOUSTAFA HAMED OKASHA

TITLE OF STUDY : AN EXPERIMENTAL STUDY OF OIL RECOVERY FROM
TARMAT RESERVOIRS USING HOT WATER AND SOLVENT
FLOODING

MAJOR FIELD : PETROLEUM ENGINEERING

The existence of tar deposits beneath the oil zone in tarmat reservoirs
creates problems of productivity restriction during the primary recovery
stage. This affects the performance of water injection projects and natural
aquifers and, -hence, results in poor hydrocarbon recovery. The principal
objective of this study was to investigate and evaluate the combined use of
solvent and hot water to improve the hydrocarbon recovery from tarmat res-
ervoirs by displacing and dispersing the tar. Most of the displacements were
conducted in one-foot long Berea sandstone composite cores, simulating a
tar zone and an oil zone in series, at injection rates of 1 cc/min and higher.

The results show that although the oil recovery from hot water displace-
ment is lower than cold water displacement in the absence of tar, the gain in
recovery for hot water is substantial in the presence of tarmat. Driving a slug
of solvent with hot water to displace tar increases the hydrocarbon recovery.
For the different types of solvents studied, there is an optimum slug size
which maximizes the hydrocarbon recovery. It was found that both large and
small solvent slugs are less effective than an “optimal” slug.

The effect of injection rate has been investigated applying different dis-
placement schemes. The results showed consistently that the recovery is
higher at lower injection rates. Moreover, the effect of injection mode on
recovery was examined. The results showed that alternating injection of small
slugs of solvent and hot water leads to higher recovery than injecting the sal-
vent slug as one portion followed by hot waler flooding. Additionally, the
combined use of solvent slug(s) and hot water reduces the injection pressure
more than cold or hot water flooding alone.

DOCTOR OF PHILOSOPHY DEGREE

KING FAHD UNIVERSITY OF PETROLEUM AND MINERALS

Dhahran, Saudi Arabia
February, 1995
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Chapter |
INTRODUCTION

Tarmats are heavy-oil concentrations sandwiched between aquifers and
adjoining oil columns. They are reported in the literature to vary widely,

ranging from highly viscous hydrocarbon fluids 1o near solid materials (Tripa-

thy, 1982).

Tarmats are found in many major oil reservoirs in the warid and particu-
larly in the Middle East. The thickness of the larmats varies from place to
place in the same reservoir and. somelimes, reaches few hundred feet; while
their extension can reach several kilometers. Various authors (Hunt, J.M..
1979, Moore, L.V.,1984 and Hirschberg. A.. 1988) have presented theories
explaining the formation of tarmats. They indicated that tarmats can be
formed as a result of one or more of the following mechanisms:

1- Gravitational segregation of hydrocarbons which results in a com-
positional grading with deptn. This could lead to tarmat formation if
accompanied by deasphalting of the oil. The maturation process
results in lighter fractions moving upstructure and the heavier frac-
tions depositing at the bottom.

2- Natural deasphalting where natural gases from source rock enter

the formation and rise by buoyancy through the hydrocarbon col-
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umn. This aclion lowers the solubility of asphaltic fractions caus-
ing them to precipitate near the oil/water conlact.

3- Water washing in which a portion of iight hydrocarbons is removed

leaving asphaltic fractions at the base of the oil accumulation.

In the Middle East, such reservoirs characterized by the presence of tar-
mats around their peripheries and usually at the oil/water contact are called
tarmat reservoirs. The presence of these tar barriers hinder the effectiveness
of water injection projects and natural aquifers resulting in a poor oil recov-
ery. This also resuits in some production problems at the well such as pro-

ductivity restriction.

It is, therefore, imbortant to carry out experimental studies {o investigate
possible solutions to this problem. Accordingly, this study was intended to
investigate, experimentally, oil recovery from tarmat reservoirs using hot

water and solvent flooding.



Chapter Il
LITERATURE REVIEW

In general, the number of published papers on tarmat reservoirs is very

limited.

The presence of tarmat at the bottom of oil reservoirs is a common fea-
ture in many oil fields. Tarmats have a strong effect on the production of oil
from this type of reservoirs. No exact definition of tar has been given in the
literature, but Carrigy in 1983 defined tar as an oil too viscous to flow into a
well in sufficient quantities . Most of the papers on far sands state that tar
contains crude bitumen with a gravity less than 1074, at 60°F or has a vis-
cosity greater than 10,000 cp at reservoir temperature (Barnea, J., et al.,
1982). Many reservoirs in the Arabian Gulf area have tar viscosities between
12,000 and 14,000 cp at reservoir temperature. Field experience shows that
some of these tarmats are mobile under conditions of moderate differential
pressure across them and others are immobile depzanding on reservoir condi-

tions (Osman, M., 1988).

Tarmat reservoirs are common throughout the world, specially in The
Middle East and Africa. Tarmats are reported in some reservoirs in south
Iraq and Kuwait. in the Minagish Oolite in Kuwait. tar acts as a partial barrier

against water influx (Osman, M.E., 1935). Tissat el al (1984) staled that tar-
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mats exist in Burgan field in Kuwait. In Saudi Arabia, tarmats exist in many
major reservoirs'like Ghawar, Khursaniyah, Manifa, and some other fields (
Al-Kaabi et al., 1988 & OPEC 1879). The tar zone in Ghawar field extends
more than 25 kms and in the Uthmaniya region, which is located in the south-
ern portion of this field, reaches up to 150 meters in thickness. The tar
reserves in that specific area exceed 2.3 billion barrels (Osman. M.E., 1985).
Nehring, R., (1979) Stated that heavy crude oils between 20" to 25°4p1 gravi-
ty have been found in Arab C in the Ain Dar area of Ghawar, the Arab A and

D in Karan, and the Arab C in Manifa.

Tarmats are also present in Eid El-Shergi in Qatar where the Arab IV
zone is characterized by a massive tar column over 82 meters thick (Bash-
bush et al., 1983). Tarmat is present in the botiom of Mo. 3 limestone of the
Dukhan field in Qatar and at the bottom of the oil zone in the Maydan.
Mehzan, and Bulhamine fields. Sarir, one of the larges! oil reservoirs in Lib-
ya, has a tarinat at the bottom of the oil zone (Al-Kaabi. et al., 1988). Tarmats
are reported to exist in many oil fields in Iran like Ahwaz, Bahrgansar, and
Hendijan (Nehring, R., 1979). Prudhoe Bay field in Alaska has a tar layer at
the bottom of the oil zone (Killough, J.E.. et al.. 1982).

The existence of tarmat can be recognized when its effect is noticed. The
most important effect of a tarmat is the ineffectiveness of waler injection.
Bashbush et al. (1983) stated that both geological and reservoir studies of El-
Bundug field, located in Abu-Dhabi and Qatar, showed that the tarmat layer

was acting like a barrier to fluid movement without being a complete seal.
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Moreover, they observed that because of he presence of a tarmat, a periph-
eral water injection project in the El-Bundug field resulled in a poor (15 %)
ultimate oil recovery. The sharp pressure decline during the first two years
of production is an indication of the lack of energy support received from the
flanks due to the deteriorating quality of the reservoir rock and the presence
of the tarmat. The rapid decrease in reservoir pressure leads to an alarming
increase in gas/oil ratio. Fi‘gure 2.1 is a schemalic representation of this

field. Hirshberg (1988) reported that production in a North African field was

forced to be up-dip due to the effect of tarmat on down-dip water injection.

A comparative analysis was made by Tripathy (1988) to study the effect of
the encroachment of water from a large aquifer into a producing reservoir
through a continuous tar zone. The purpose of the study was to select the
optimal location of water injectors for pressure maintenance purposes. He
found that the most important effect of tarmat was the reslriction of the move-
ment of potential water influx into the oil zone thus lowering the production of
oil and gas. In addition, he concluded that tarmat acled as either a heavy oil
or very low permeability matrix forming part of the aquifer and consequently

a rigorous characterization of a tar zone is not possible.

Kazou (1982) Discussed pressure maintenance by formation water dump-
ing for the Ratawi limestone oil reservoir in the offshore Khalji field. This
reservoir contains light, sweet and undersaturated oil with dissolving sour
gas. Below 2225 m subsea, the oil rapidly decreases in gravily down to

9"API and is completely underlain by bottom aquifer at 2250 m subsea. He
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concluded from productivity and infectivity data that dumpwater injection is
an effective method to maintain reservoir pressure from rapid decline by nat-
ural depletion, but heavy-oil recovery by water dumping is exiremely difficult.
More sophisticated methods may be required for heavy oil mobilization such
as powered injection combined with solvent flooding. steam injection, fire

flood,...etc.

A study on waterflooding in a tarmat reservoir laboratory model! was car-
ried out by Abu-Khamsin et al. (1992). In this stucdy. three adjacent oil, tar.
and water zones were simulated by composite Berea sandstone cores. satu-
rated respectively with kerosene, asphalt and crude oil mixture, and 1% KCL
brine. The effect of tar viscosity and thickness on oil recovery as well as the
pressure variation were studied. The authors obscrved viscous fingering in
both tar and oil zones. They also reported that the effective permeability to
water in the tar zone is very sensifive to tar viscosily or thickness and it
decreases sharply with an increase in the product of those two parameters.
The oil recovery slightly decteases as the viscosily - thickness product of the
tar zone increases. The injection pressure rises quickly to maximum value
after commencement of injection and starts to decrease slowly as the injec-

tion proceeds.

Very few investigators have simulated a reservoir with a tar barrier. Al-
Kaabi et al. (1984) used a lab setup to simulate a fraction of a tarmat reser-
voir with a well producing from the center and studied the behavior of of tar-

mat reservoir using that physical model and a black-oil numerical model
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(BOSS-AIM). Treating the tarmat as an impermeable barrior. they found that
establishing communication between the oil and waler zone by creating a
hole of limiled size in the tarmat that olherwise completely covers the reser-
voir would result in a very poor recovery. However. if the tarmat is of limited
extension over the reservoir beneath the well, the effect an oil recovery is not

significant.

Another simulation study was carried aut by Tripathy (1988). He proposed
two approaches lo characterize tar in a model and concluded that tarmats
should be modeled as a hydrocarbon fluid if the tar viscosity is 100 CP or
less. A leaking tarmat with high viscosily should he modeled as an imperme-
able aquifer rock matrix with a separate relative pertneability region assigned

to the tar zone.

Al-Ali (1988) conducted a numerical simulation study related to a farmat
reservoir. He investigated different strategies for enhancing oil recoveries
from a tarmat reservoir by localized communication. He cancluded that initia-
tion of intercommunication between the oil and waler zones can enhance oil
recovery through gained potenlial but water canning may be dominant if

those openings are small.

Osman (1983) presented a technique {o predict the time of tarmat break-
down. response time at the nearest ohservation well. and differential pres-

sure at the tarmat anywhere in the Minagish Reservoir in Kuwait.
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The major problems of tarmat in oil reservoirs are the high resistance to
flow of the tar layers in addition to highly unfavorable mobility ratio between
tar and water. Hence, these extra highly unfavorable mobitity ratios lead to
unstable displacement and fingering. Many investigators (Chuoke, R.L., and
van Meurs, P., 1959, Rachford, H., 1964, and Meurs, P, 1957) studied this
type of instability where mobilily ratios up to 200, which can not be directly

applied to tar layer with variable thickness and super viscosities.

One obvious solution to displace the tar and increase oil recovery from
tarmat reservoirs would be to use EOR methods like solvent, and/or steam
injection. Although hot water injection is more viable with deep tarmat reser-
voirs, it would be useful to review some of the experimental and field studies
done with steam and/or solvent injection lo recover bitumen and heavy oil
from tar sand reservoirs. Thermal-Miscible displacement had been proven to

be an efficient process for recovering bitumen from tar sands.

Harouaka and Asar (1990) presented a general summary of two years
research program on tar properties and methods of improving injectivity in

tarmats using naphtha and steam.

Hernandez (1972) conducted a study on the efficiency of bitumen recov-
ery from the Athabasca tar sand by miscible displacement. steam flooding,
and a combination of the two methods using unconsclidated sand. He
showed that bitumen recovery was lower at higher displacement rates, and
increasing the residence time of the solvent tends to increase bitumen recov-
ery since molecular diffusion of residual bitumen into the solvent is enhanced

during prolonged contact.
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Snyder (1972) investigated the recovery of bitumen from Athabasca tar
sand using naphtha injection with conductive heating. steam injection and
naphtha injection followed by steam. The results indicated that naphtha injec-
tion was successful in recovering bitumen. The combination of naphtha injec-
tion followed by steam gave even more effective resulls in the case of homo-
geneous oil packs. He also stated that gravity segregalion played an
important role in the recovery mechanism when a homogeneous pack is satu-
rated with bitumen and naphtha is injected as a solvent. Alban (1975) con-
firmed these findings when he investigated the efficiency of miscible displace-
ment in the recovery of bitumen from Athabasca tar sand under the
conditions of gravity segregation in a two dimensional hox model. His results
showed that the recovery of bitumen using naphtha, maobile solvent, and syn-

thetic crude at the average velocity of 2.04 ft/day was efficient.

Sosa de Garcia (1980) studied the development of flow channels in Atha-
basca tar sands as a result of solvent injection. The results showed that high-
er injection rates generate more viscous fingering which decrease the fiood

recovery.

Injection of a solvent followed by steam injection is effective depending
on the solvent slug size and homogeneity of the reservoir as found by differ-
ent authors like Cordero (1976) and Look Yee (1972). Also. steam injection
was found to be a successful method but steam stimulation alone was impos-

sible in tar sands because of the high injection pressure required.
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Shamsaldeen and Farouq Ali (1985) carried out an exlensive experimen-

tal study on oil recovery from bottom water drive reservoirs with tar barriers.
They tested different recovery techniques in laboratory models simulating tar-
mat reservoirs. These techniques included injection of water into the oil zone
(internal waterflood), injection of water into the bottom water zone (bottom
waterflood), injection of solvent into the tar zone followed by internal water-
flood, and injection of steam into (i) the oil zone, (ii) the tar zone, and (iii) the
bottom water zone. They concluded that establishing communication between
the aquifer and oil zone is highly desirable to improve the recovery. Solvent
or steam could be used to establish such communication if the oil zone was
completely isolated from the aquifer by the tar zone. Once the communication
is attained, an internal waterflood can be very effective. The authors also
reported that injection of water into a water zone caused water coning and
channeling resulting in low recoveries. The injection of steam into the oil
zone eliminated the benefit of the hottom water drive but decreased the pro-
duction period and a low steam-oil ratio was needed. Injection of steam into
the tar zone proved to be effective with a moderate steam-oil ratio, but injec-
tion of steam into the bottom water zone required large volumes of steam

and the water-oil ratio was very high.

Alikhan and Farouq Ali (1974) studied the steam drive-solvent slug pro-
cess for heavy oil in a linear cell model packed with glass beads. It was
found that the light hydrocarbon slug injected prior to the steam slug
improved oil recovery due to improvement in the mobilily ratio resulting in a

better displacement efficiency.
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Doscher et al. (1983) concluded from scaled physical model studies that
very viscous crude oils cannot be economically recovered by an unassisted
steam drive. Kaleli and Farouq Ali (1987) found from experimental and theo-
retical studies that bitumen or heavy oil recovery depended strongly on sol-
vent slug size as well as thickness and permeability of the water zone. The
optimal thickness of the water zone was found to be one-fifth of the oil thick-

ness.

In 1982, Johnson, et al. applied hot water and steam injection during a
pilot test in sandstone zone (1012 m? and 14 m thick) saturated with a 134271

bitumen with viscosity greater than 108 cp under reservoir conditions. They
reported that average efficiency was about 18 % because the production of
the light components of the bitumen as a result of thermal distillation caused

accumulation of a more viscous residue in the formation.

In 1983, Britton, et al. conducted fracture-assisted steam flooding tech-
niques (FAST) during a pilot test in a lar sand area of 5-acres saturated with
heavy tar (- 2°4PI ). The results showed a very good efficiency of more than
50 % on the average. The operator also suggested that this FAST process
should be particularly suited for super-viscous tar sand and heavy crude

deposits.

Zuleyka Mendez et al. (1992) conducted a laboratory study and field tests
on the heavy oil reservoirs in the Bolivar Coast in Western Venezuela. These
heavy crudes have a gravity between 9 and 15°4£7I with in-situ oil viscosity

between 100 and 100,000 cp. The purpose was {o study the possible merits of
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the addition of small amounts of solvent as part of the injection process. The
results showed that under appropriate conditions, addition of small amounts
of solvent to cyclic steam injection is technically capable of improving the

productivity.

The effect of temperature on relative permeability has been studied by
many authors and received a considerable attention since the mid-1950’s due
to its importance in the thermal recovery of heavy oils or tars. However, this
phenomenon is not clearly understood yet. Polikar and Farouq Ali (1930)
found from experimental study of Athabasca bitumen/waler relative perme-
abilities that temperature had little or no effect on the relative permeabilities
to water and bitumen over a range from 100 to 250 “c. However, Clossmann
et al. (1988) studied the effect of temperature on steady-state, tar/water rela-
tive permeabilities in Peace River cores. They found that tar relative perme-
ability and saturation relations varied depending on whether the tar had been

thermally altered or not.

Nakornthap and Evans (1986) summarized the previous studies related to
the effect of temperature on relative permeability. They concluded that rela-
tive permeability to oil increases and relative permeability to water decreases
with temperature increase. The residual oil saturation decreases and irreduc-
ible water saturation increases as the temperalure increases. In addition,
they developed a mathematical model to describe the variation of relative

permeability with temperature in a water/oil system.
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The eflect of temperature on relative permeabilities was studied at 70 and
186 °F for unconsolidated Ottawa sand by Sufi et al. (1982). They concluded

that relative permeabilities were independent of temperature over that range.

So, many authors agree that at higher temperatures the relative perme-
ability to oil increases or does not change while relative permeability to water
is less affected. Also, the residual oil saturation decreases and irreducible
water saturation increases with increasing temperature. On the other hand,
the test results of the effect of temperature on absolute permeability are

inconclusive.

From the above discussion of the literature survey. it can be stated that
most investigations have been conlined to the problem of recovering hitumen
or heavy oil from tar sands using different techniques. In addition, most of
the tarmat studies used cold waterflooding and little work which employed
solvent were done in conjunction with steam in loose porous media. The use

of steam is known to be impractical in deep reservoirs.

Up to now, no study has been specifically aimed at improving oil recov-
ery from tarmat reservoirs using thermal-miscible flooding through consoli-

dated rock matrix.



Chapter 1l
STATEMENT OF THE PROBLEM AND
STUDY OBJECTIVE

The presence of tar deposits at the oil/water contact in a tarmat reservoir
can have serious effects on the effectiveness of secondary recovery projects
or natural water drives. In the case of tarmats completely surrounding the oil
zone, the oil reservoir behaves like a finite lense where the pressure
decreases rapidly as soon as the first well starts producing. This leads to an
alarming increase in gas/oil ratio during the primary stage of depletion. The
case of Minagish reservoir in Kuwait illustrates clearly the hehavior of a tar-
mat reservoir subjected to water drive (Osman, M., 1983). Another good

example is El Bundug reservoir in Qatar (Bashbush, J.L., et al., 1983).

In another configuration where the tar has some mobility or thins out at
some location, a breakdown of tarmat may occur leading to severe water con-

ning as a result of the application of large pressure differentials across the

tar layer.

The purpose of this study was to investigate some techniques to improve
the tar mobility with the aim of tar displacement in a tarmat reservoir and the
effect of such techniques on oil recovery in this kind of reservoir. Specifically,

the use of a combination of solvent and hot water to displace the tar was

-15 -
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evaluated. In the course of achieving this objective, the following aspects of

the problems were studied:

1-
2.

The effect of solvent(s) concentration on tar viscosity.

The effect of temperature on the interfacial tension between the
aqueous and oleic phases, fluids viscosity, and relative permeabili-
ties.

The effect of solvent slug sizes on oil recovery.

The effect of displacement rates, injection mode, and type of sol-

vent on oil recovery.



Chapter IV
EXPERIMENTAL APPARATUS,
MATERIALS AND PROCEDURES

The following sections describe the materials, apparatus and experimen-

tal procedures used in this study.

41 MATERIALS
411 Porous Medium

Berea sandstone cores 1 inch in diameter with an average porosity of 23
% and absolute permeability of around 300 md were used in all flooding and

relative permeability experiments.

41.2 Brine

Analytical grade distilled water with 1 % KCL concentration was used to

simulate the aqueous phase.
41.3 Oil

Filtered kerosene was used to simulate the oleic phase.

-17 -
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414 Tar

The tar phase was prepared by evaporating a balch of heavy crude oil

until it reaches a viscosity of about 10,000 cp at room temperature.

41.5 Solvents

Reformate from Ras Tannura refinery and analytical grade naphtha were
selected to be used in this study. They represent the most appropriate sol-

vents according to solubility tests conducted on different solvents,

The physical properties and characteristics of all fluids used in this study

are given in chapter 5.
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4.2 APPARATUS

A schematic of the experimental apparatus used in this study is shown in
Figure 4.1. It consists of the fluid injection system, core holder, an oven, a
differential pressure instrument, temperature measurement, recording system
and a fraction collector. A brief description of each component of the appara-

tus is given below:
421 Core Holder

A Hassler type, stainless steel core holder designed for consolidated
core samples up to 31 cm in length and 2.54 cm in diameter was used. It can

withstand pressures up to 10,000 psi.

The composite core sample is housed inside a Viton rubber sleeve which
is held in place by two ferrules. Each ferrule rests on one end of the core
holder body where an ‘O’ ring is placed in a groove around the rirn of the
body. These ferrules are pressed against the holder’s body by two screw-on

end caps.

An end plug is inserted into each end of the sleeve and is pressed
against the core sample by a retaining screw which threads through the end
cap. When core samples less than 31 ¢cm in length are used, spacers are
placed in the gap between the end plugs and the retaining screws. Both end
plugs have circular grooves to ensure fluid injection and production from the
entire cross-section of the core. The annular space between the sleeve and

the core holder body is filled with a confining fluid and pressurized by a
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hydraulic hand pump. This pressure simulates reservoir overburden pres-
sure, prevents fluid by-pass, and ensures a good sealing belween the ferrules
and sleeve. A cross-sectional view of the assembled core holder is shown in

Figure 4.2.

A reservoir volume element with sections of the tar and oil zones is simu-
lated by a linear composite core. When a displacement run involves a solvent
slug, a piece of core is saturated with the required amount of solvent and
placed before the tar core. The configuration of the composite core as it is

loaded in the rubber sleeve is shown in Figure 4.3.

4.2.2 Transfer Cells

Three stainless steel transfer cells, manufaciured by Core Lab Inc., which
can withstand pressures up to 5000 psi were used in the injection of the fluids
into the core holder. Each cell, with a capacity of 1000 cc, has a free-floating
piston which separates the pump fluid fram the injected fluid. Mineral oil, the
pump fluid, was pumped into a transfer cell to displace brine, solvent or tar

into the core.
423 Pumps

During tar saturation and displacement runs a constant rate Beckman
model 100 A pump which has a pressure limit of 10,000 psi and a maximum
rate of 10 cc/min was used. The confining pressure was applied using a hand

pump model 3020-008 manufactured by Core Lab Inc.
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4.24 Vacuum Pump

A Pfeiffer Balzer vacuum pump model DUO-008 was used for air evacua-

tion during core saturation.
4.2.5 Pressure Multiplier

A pressure multiplier, manufactured by Cor Lab Inc., operating with min-
eral oil was used to provide the required confining pressures from a low

pressure source (low pressure Nitrogen cylinder).

426 Oven

During relative permeability runs, the core holder and the transfer cells
were placed inside a temperature controlled oven. model, D-6072, manufac-
tured by Karl Kolb Co. This oven has a temperature range from 5 °c above
room temperature to 270 °c with natural convection and half full sight glass

doors. It also has two ducts at the sides to allow access to {he oven chamber.
4.2.7 Pressure Measurement System

The differential pressure across the core during flooding and relative
permeability runs was measured using a Validyne model DP 303 pressure
transducer with a digital display model CD23. The working range of the trans-
ducer can be varied using different diaphragms. The output signal of the
transducer was continuously recorded by a Soltec strip- chart recorder model

1243.
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4.28 Temperature Measurement System

The temperature of the injected fluid was measured using a type-K ther-
mocouple. This thermocouple was inserted in the inlet end plug of the core
holder and connected to the digital temperature readout. The output signal
of the thermocouple was continuously recorded by a Soltec strip-chart

recorder model 1243.
4.2.9 Fraction Collector

An Eldex Universal fraction collector model U-1A which can accommo-
date 200 graduated glass tubes of 10 cc each was used for collecting the effl-

uent fluids.
4.210 Viscometer

A Plate-Cone type, Contraves low shear 30 viscometer which is equipped
with a HAAKE M circulated temperature oil bath was used for measuring fluid

viscosities at different temperatures.
4211 Tensiometer

A digital-tensiometer model K10 which is equipped with a circulated
water bath was used for measuring the interfacial tension between tar and

brine as well as between tar/solvent mixtures and brine.
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4.212 Auxiliary Equipment and Tools

Many other equipments and tools were used during this study. These
include: pressure gauges, vacuum oven, klender, heating tapes, valves, core
cutting machine, soxhlet glass tubes, swagelock fitlings, electric furnace, hot
plate, insulation tapes, glass wool, Dean Stark Distillation Unit, weighing bal-

ance, flasks, pycnometer, hydromeler, ....... etc.
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4.3 PROCEDURES

431 Core Preparation & Saturation

All cores were fired at 800 °C for 24 hours in an electric furnace to vitrify
any clays. The core plugs were then flushed with isopropyl alcohol and dried
in a vacuum oven. Saturation of the core plugs with oil or solvent was carried
out at room temperature. The plugs were first placed in a large flask and
evacuated for more than 4 hours. Then, the desired fluid was slowly intro-
duced to saturate the cores through a valve on the top of the flask while

evacuation was continuing until the cores were fully submerged.

Saturation of the core plugs wilh tar was done at higher temperatures (80
- 90 °C ) using the core holder. A schematic diagram of the tar saturation set-
up is shown in Figure 4.4. The cores were loaded inside the core holder and
a 2000 psi confining pressure was applied. Vacuum was then applied for sev-
eral hours while the core holder and transfer cell containing tar were being
heated to the desired temperature. The injection of tar was then started at a
very low rate while maintaining the injection pressure lower than the confin-
ing pressure. Vacuum was continuously applied during the tar injection to
help in moving the tar toward the production end. After the appearance of tar
at the outlet, vacuum was stopped immediately while injection was continued
long enough to ensure 100 % saturation. The core holder was then dis-
mantled and the saturated cores were submerged in the same tar in a per-

fectly sealed container until ready for use.
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4.3.2 Porosity Measurements

The porosity of the core plugs was measured in conjunction with the satu-
ration method as described in section 4.3.1. Porosities were determined from
the weights of saturated and dry cores. dimensions of the cores, and fluid

density.
43.3 Flooding Experiments

The saturated core plugs were always arranged in the order shown in
Figure 4.3. Filter paper was placed between core plugs lo allow better contact
and capillary continuity. The cores were wrapped with a layer of Saran-Wrap
and a layer of Teflon tape to ensure that no gap exisls belween the care
plugs and the rubber sleeve. The composite core was lhen loaded into the
rubber sleeve and the core holder was assembled and connected to the

apparatus as shown in Figure 4.1.

To conduct a flooding run, the following steps were followed:

1- A confining pressure of 2000 psi was applied while the transfer cell
containing brine (1 % KCL) was healed up inside the oven. Flexi-
ble heating tapes wrapped around injection tubing. transducer tub-
ing, and inlet end plug were then swilched on. These tubings were
also wrapped with insulation tapes and glass wool.

2- Trapped air inside the injection and the pressure lransducer tub-
ings was circulated out with hot brine until the inlet end plug temp-

erature stabilizes at the desired level.
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3- After temperature equilibration, the injection of hot water or sol-
vent slug driven by hot water was started at the desired displace-
ment rate. Simultaneously, the fraction colleclor and the strip chart
recorder were started.

4- The effluent fluids were collected in gradualed tubes and the injec-
tion pressure as well as the inlet temperature were continuously
recorded.

5- After completion of a run, the core holder was dismantled and the

cores were extracted for brine saturation.
4.3.4 Permeability Measurements

The core hoider was used to determine the absolute permeability, the
effective permeability to the oleic phase (40% reformate - 60% tar which rep-
resent the tar/solvent mixture at optimum slug size), and the effective perme-
ability to brine at different temperatures. Figure 4.5 shows the permeability

measurements set-up.

Berea sandstone cores having the same length as the tar zone were satu-
rated with brine and loaded into the core holder using a heat resistant Viton
rubber sleeve. This assembly was placed in the core holder with the end
pieces clamped over the sleeve and the caps fixed. The core holder was then

placed in the oven and a confining pressure of 2000 psi was applied.

To measure the absolute permeability of the cores. the relative perme-
ability to oil, and the relative permeability to water the following steps were

followed:
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- About 1.0 pore volume of brine was injected through the core to
obtain a complete saturation.

2- The absolute permeability to brine (1% KCL) was determined at
room temperature by measuring the pressure differential across
the core at different flow rates.

3- The desired temperature was adjusted and the system was heated
for about 10 hours for temperature equilibration.

4- Steps (1) and (2) were repeated at higher temperatures to investi-
gate the effect of temperature on absolute permeability.

5- After measuring the absoiute permeability the core was flooded
with the oleic phase to irreducible water saturation until no more
water came out. The fluid saturations were determined by material
balance calculations on the water- .

6- Consequently, water injection was started. At the same time, differ-
ential pressure was recorded continuously and the effluents were
collected in graduated tubes. The flood continued until about 4 to 5

pore volumes of brine were injected.

4.3.5 Core Cleaning

After the completion of each experiment, the compaosite cores were taken
out of the core holder and placed in the Dean Stark Distillation Unit to deter-
mine water saturation. Those cores were then placed in a Soxhlet Unit to
clean them with toluene for several days. Next, the cores were cleaned with

isopropyl alcohol for three days to restore the wettability.



Chapter v
FLUID AND ROCK CHARACTERISTICS

In this chapter, the effects of temperature on fluid densities, viscosities,
interfacial tension of tar-solvent mixlures against brine. relative permeability
to oil and water are examined. Furthermore, some physical properties, solu-

bility tests, and rheology of tar-solvent mixtures are determined.

Knowledge of the physical properiies of the fluids is required in most
EOR processes and, especially thermal characteristics of the oil-solvent sys-
tem, since these characteristics have a direct effect on recovery mechanisms.
Also, they are important in the interpretation of the resulls to enhance the

understanding of the behavior of tarmat using hot water and solvent flooding.

]
- -



34
5.1 SOLUBILITY TESTS

Many investigations show that most heavy oils and tars contain compo-
nents which are insoluble in most hydrocarbon-type solvenls. These are
asphaltenes, resins, and metals. The insoluble content varies from one crude
to another and depends upon the origin of the crude (Mitchel, D.L. et al.,

1973).

It has been shown that the solubility of asphaltenes in most hydrocarbon-
type solvents is different. When tar mixes with a solvent in which the asphal-
tenes are not soluble the asphaltenes may precipitate and cause pore plug-
ging during the displacement process leading lo a decrease in matrix
permeability. Therefore, solubility tests were conducted lo select the appro-
priate solvents to be used in tar displacement processes. The solubility test-
ing method (Mckay, J.F., et al., 1981) used for this study is as follows: Ten
grams of tar were agitated in 150 ml of sclvent at room temperature for 10
minutes. The solution was left unagitated for 1 hour and then agitated again
for 10 minutes and left unagitated for 15 hours. The insolubles were filtered
using Whatman No.1 filter paper and washed with 20 m! of solvent, dried, and

weighed. The solubility test results are reported in Table 5.1.

According to these results, reformate (from Ras Tannura refinery) was
selected as an appropriate solvent for this study. Moreover. in order to inves-
tigate the effect of different types: of solvent on oil recovery and to compare

different solvents, naphtha was used as a second solvent in this study.



Table 5.1: Solubility Test Results

Solvent

Insolubles

(veight % of tar)

n-Pentane
n-Hexane
n-Heptane
Toluene
Xylene
Kerosene
Naphtha Canalytical grade)
Reformate (Riyadh refinery)

Reformate (Ras Tannura refinery)

n0.0

18.3

4.5

n.7

35
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The reformate and naphtha used in this study have the following specifi-

cations:
Reformate Naphtha
Density @ 20 [e 0.777 g/cc Density @ 20 ¢ 0.866 g/cc

Boiling range (95%) 50 - 184% Boiling range (95%) 150 - 184 %:

The compositions of solvents and kerosene are shown in Table 5.2. On
the other hand, physical properties. elemental analysis and hydrocarbon
groups of tar are listed in Table 5.3. The pour point was determined per
ASTM D-97. The ASTM D-92 open cup was used for flash point. Amounts of
carbon, hydrogen, nitrogen, and sulfur were determined using a Carlo Erba
1106 analyzer. The hydrocarbon group separation and quantification were
carried out with a high performance liquid chromatograph (HPLC) manufac-

tured by Waters.
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Table 5.2: Composition of Solvents.

Components (weight %)

Solvent
Paraffins Naphthenecs Olefins Aromatics
Naphtha (analytical grade) 3.8 0.2 0.4 95.6
Reformate (Riyadh refinery) 37.8 1.4 1.1 59.7
Reformate (Ras Tannura) 34.7 0.6 2.3 62.4

Kerosene 46.5 30.0 23.5




Table 5.3: Properties of Tar.

Test Resnlt
Pour point (%) 50
Flash point (%) 160
BS & W (% vol) Trace
Sulphur (% weight) ! 3.25
Carbon content(x C) ‘ 81.8
Hydrogen content (% H) f 11.8
Carbon/Hydrogen ratio (C/H ratio) i U
Nitrogen content (% N) 0.253
Asphaltenes (% weight) 25.8
Aromatics (% weight) 32.37
Resins (% weight) 9.06
Saturates (% weight) 32.77

38



o8}
[4e]

5.2 DENSITY OF FLUIDS AND TAR-SOLVENT
MIXTURES

Densities of the fluids vs. temperature were measured over the range of
20 °c to 120 °C using a 50 cc pycnometer immersed in a temperature-
controlled oil bath. Densities of some samples were also measured directly
with a hydrometer. Both melhods (pycnometer and hydrometer) gave very

close resulits.

Tables 5.4 summarizes the density results for tar, reformate, naphtha.
kerosene, and brine at different temperatures while the density results for tar-
reformate, tar-naphtha, and tar-kerosene mixtures are shown in Tables A-1,
A-2, and A-3 (Appendix-A), respectively. Figures 5.1 through 5.4 show the
plot of density vs. temperature for the pure fluids and tar/solvent mixtures. It

is clear that the density varies linearly with temperature according to:

p = a — br (5.1)

P = density (g/cc).
T = temperature (°C).

a,b = constants.



Table 5.4: Density Results of Tar, Reformate, Naphtha, Kerosene,

and Brine at Different Temperatures,

Temperature Density (g/ce)
( % ] Tar Reformate Naphtha Kerosene Brine
20 0.922 0.777 0.866 0.787 1.007
40 0.912 0.765 0.854 0.775 0.997
60 0.900 0.750 0.843 0.764 0.985
80 0.887 0.736 0.831 0.752 0.973
100 0.875 0.721 0.819 0.710 0.961
120 0.860 0.707 0.808 0.728 0.947

40
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The slope was found to be almost constant for all tar. solvents, brine, and
tar-solvent mixtures. Hence, a mean slope was taken to eslimate the density
variations with temperature. The following equation was used {o estimate the

density of the fluid at any temperature greater than room temperature;

P =a - 5.85x10°%r - T, (5.2)

where:

T, = reference temperature ("c)H .
a = density of the fluid at Tr’

T = temperature ("C).

Figures A-1, A-2, and A-3 (Appendix-A) show the plot of tar-solvent mix-
ture densities vs. concentration of solvent at different temperatures. At each
temperature, the density of far-solvent mixtures showing a linear variation
with solvent concentration. Each straight line can be extrapolated to zero sol-
vent concentration to find the density of the tar at thal particular temperature.
Hence. at any temperature. the density of tar-solvent mixtures follows an

equation of this type:

Pn = X5 (Dg = pp ) + py (5.3)

where:
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Pp = density of the mixture (g/cc).
Pe = density of tar (g/cc).
P = density of solvent (g/cc).

X. = volume fraction of solvent.

Since equations 5.2 and 5.3 describe the variation of densily with temper-
ature and percentage of solvent, respectively, the density of any tar-solvent
mixture can be estimated from the tar and solvent densities at any given
temperature. The errors involved in estimating the density of any tar-solvent

mixture using equation 5.3 are less than 0.3 % (see Appendix-A, Tables A-4.

A-5, and A-6).
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5.3 RHEOLOGICAL PROPERTIES OF TAR AND

TAR-SOLVENT MIXTURES

An important factor to be considered when developing EOR recovery
techniques for mobilizing the heavy oil in tarmat reservoirs is the high vis-
cosity of the tar itself. An efficient method of production in such reservoirs
requires heat input in the form of hot-fluid injection and use of the smallest
possible slug of solvent at the lowest possible cost. It is. therefore, important
to study the effect of temperature and concentration of solvent on the viscosi-

ty of a tar-solvent mixtures.

A Plate-cone type, Contraves Low Shear 30 viscometer which is equipped
with a HAAKE M circulated temperature oil bath was used to measure the
viscosity. This instrument is particularly suited for rheological measurements
at atmospheric pressure and varying temperatures. A continuous scan of
velocities ( shear rate ) serves to ascertain whether or not the fluid is Newto-
nian. Viscosity measurements were carried out in the range from room temp-

erature (20°C) to about 120°C.

Table 5.5 summarizes the results of shear stross and shear rate for tar
which are also plotted in Figures 5.5 and 5.6. These figures show that for all
temperatures the shear stress is direclly proportional to the shear rate thus
revealing the Newtonian behavior of the tar used in this study. This behavior

is described by the equation:

T = Ly (5.4)



48

LS 6 000" .8
20° L otr"tL 006°€9
2¢’S 95701 00L "Lt
lg"¢ 08°¢L 9t Ll 009°he
6L°C €EL°S h8°Z1L 00S°S¢
L0°¢ €C'h 86 otL° 8l
€91 (4 28> 66°9 o6L €L
[ 8¢ ¢ 9L°§ §6°91 oslL ol
L8° 0 89°1 8L € WS 2L 09h° 4
09°0 €¢’ | 64°¢C lZ°6 06h°S
Sh'0 €6°0 L0°2 €89 070" #7
€571 20°S 04672
Riot ¢l € o6l ¢
h8°'0 9472 L9l 409° L
29°0 S0°2 28 L Z8L°¢
€971 €L°8 04870
L T 69 6€9°0
78°0 gl LY ATARY
€970 Sh'¢e 9he" 0
8h’' 0 §8°2 §2°92 §§2°0
68°1 hh 6l hi8L°0
L'l he'hl 6Lel’0
S0°1 9§01l siol0
84°0 LLt L 9hi0° 0
LS°0 L9°S 6h50°0
Zh'0 L'k hOt0° 0
€0°¢ £4620°0
J 02l J 0oL 3 08 2 09 J 0% 4
o o o o o o
(s/L)
wo,/8uldq ‘Ssaxls Iedys 938y aeoys

[4

‘seanjexadws), JUIISIIT(Q e JIBY I0F d3RYy IEBAYS 'SA SSVIIS JILAYS :G°'G ITqe]




2
Shear Stress ( Dyne/crh )

30

—y
<

//

4

o

/

86(7 .040 .080 120 .160 .200 240 .280
Shear Rate ( 1/s)
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Figure 5.6: Shear stress vs. shear rate for tar at different temperature.
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where:
1 = shear stresss (dyne/cmz) .
I\ = dynamic viscosity (poises).
Y = shear rate (1/s).

To further asses the Newtonian behavior of tar, the data of Figures 5.5
and 5.6 are plotted on log-log coordinates as shown in Figure 5.7. It is clear
from Figure 5.7 that the slope of all the 1log t vs. log v lines is equal to 1:
hence there is no doubt about the Newtonian behavior of the tar. Further-

more, the logarithmic plot of viscosity vs. shear rate shown in Figure 5.8 defi-

nitely establishes that this tar is Newtonian.

The rheological measurements were also carried out for tar-solvent mix-
tures. Figures 5.9, 5.10, and 5.11 §how the plots of shear stress vs. shear rate
for 60% tar-40% reformate, 60% tar-40% .naphtha, and 40% tar-60% kero-
sene mixtures, respectively. The plots show a linear variation of t vs. y with-
out yield values. Therefore, the tar-solvent mixtures also behave as Newtoni-
an fluids. The shear stress-shear rate data for these tar-solvent mixtures are

listed in Tables A-7, A-8, and A-9 (Appendix-A).

The kinematic viscosity, v, of a fluid can be calculated from the dynamic

viscosity and densily using the relationship:

=M
P

\Y
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where:
V= kinematic viscosity (cSt).
B = dynamic viscosity {cp).

P = density (g/cc).

Table 5.6 summarizes the dynamic and kinematic viscosilies of tar at dif-
ferent temperatures. According to ASTM D341, ga general relationship

between kinematic viscosity and temperature can be axpressed as:

log (Ilog 2) = A — B log T (5.6)

where:

Z=\-'+0.7+C—D-I-E--~Fé(_t--;7'

A and B are constarte.

and C to H are exponentials of v, on the natural base. {0 be added according
to the viscosity range used. As shown in Figure 512, 7 - « | 0.7 turned

out to be sufficient for the tar of this study.
Therefore, equation 5.6 can he simplified {o:
log [log( v + 0.7 ) = a4 - »n log T
and kinematic viscosily of tar can be estimated from the following equation:

log [log( v + 0.7)] = 11.267 - 4.334 Ing(T +273)  (5.7)



Table 5.6: Dynamic and Kinematic Visconity of Tar at

Different Temperatures.

Temperature Dynamic Donsity Kinematic
Viscosity Viscosity
o

(Cc) (cp) (ascc) (cSt)

i 20 10,332 0.922 11,206

40 1,015 0.912 1112

60 174 0.900 193

80 51 0.887 57

100 23 0.875 26

120 11 0.860 13
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Figure 5.12: Kinematic viscosity vs. temperature for tar.

500

59



60

where:

T = temperature (°C).

The absolute errors involved using this prediction are less than 8.7%% with

an average of 4% as shown in Table 5.7.

The dynamic viscosities of tar. reformate. naphtha. kerosene. and brine
are listed in Table 5.8 while viscosity results of tar-solvent mixtures are listed
in Tables A-10, A-11, and A-12 (Appendix-A). Figures 5.13 and 5.14 show the
effect of {temperature on viscosity of tar. solvents, and brine: while Figures
5.15. 5.16, and 5.17 show the effect of temperature on viscosity of tar-
reformate, tar-naphtha. and tar-kerosene mixfures. respectively. These fig-
ures show that the viscosity of the fluid decreases dramatically as the temp-
eralure increases, and the viscosity cf a tar-solvent mixture decreases as the

solvent conceniration increases.



Table 5.7: Mecasured and Estimated Kinematic Viscosity

Tar at Different Temperatures.

of

Temperature Measured Estimated Error
Viscosity Viscos ity

(cH (cSt) (eSt) %

20 11,206 10,690 4.6
40 1,112 1,062 h.5
60 193 206 6.0
80 57 n2 -8.7
100 ' 26 26 0.0

120 : 13 13 0.0
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Table 5.8: Dynamic Viscositlics of Tar,

Relormate, Kerosene,

Naphtha, and Brine at Different

Temperatures.

1

Temperature Viscosity ( ep ) E

{ E ) Tar Reformate Napbtha Kerosone Brine!

| .
20 ; 10,332 .52 .79 .39 1.04

40 1,015 47 .€5 .07 0.78 ‘

60 174 42 .18 .82 0.63 j

80 51 .39 10 66 0.56 ,‘

i

! 100 23 .37 .35 57 0.549 '
120 11 .35 .30 52 0.50




20 40 60 80 100 120

Temperature ( C )

Figure 5.13: Dynamic viscosity vs. temperature for tar.
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Since the addition of a solvent to tar reduces tar viscosity, it is important

to estimale the viscosity of tar-solvent mixtures at any given temperature and
concentration. A number of attempts have been made to predict viscosities
of different heavy oil or tar-solvent mixtures. Shu (1984) developed a general-
ized correlation for predicting the viscosities of heavy oils and light petrole-

um solvent mixtures. This correlation involves four equalions:

In p = X,ln g + Xpln g (5.8)
a v
X, = f ; (5.9)
a VA [B
Xp =1 — X, (5.10)
0.523 3.2745,. 1.631
17.04 (Ap”->#37) (p3-27%5),1.6316
a = (5.11)
In(uy/g)
where:
Ap = p, = py

For convenience. it is preferred to designate A as lhe more viscous com-

ponent (tar or heavy oil) and B as the less viscous one (solvent). X, and Xp

are compositional parameters, but not mole fraction, since they depend on «

which depends on the viscosities and densities. v, and Vg are volume frac-
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tions.

To see how well the Shu correlation predicts the viscosilies of the tar-
solvent mixtures, the measured viscosity and density of tar and solvents at

different temperatures were used to calculate values of «, XA' and XB for

volume fractions and, then, the predicted viscosities of lar-solvent mixtures
were calculated using equation 5.9. Tables 5.9. 5.10, and 5.11 summarize the
Shu correlation parameters and give the measured and predicted viscosities
for tar-reformate, tar-naphtha, and tar-kerosene mixtures. respectively. Com-
parisons of the measured and predicted viscosities for different tar-solvent
mixtures show that the absolute errors involved in this prediction are less
than 6 % with an average of 4%. The predicted viscosities of tar-reformate,
tar-naphtha, and tar-kerosene mixtures are also plotted in Figures 5.15, 5.16,

and 5.17, respeclively. It can be seen that the predictions are quite good.

Plots of kinematic viscosity vs. temperature for tar-reformate. tar-naphtha,
and tar-kerosene mixtures are shown in Figures A-1, A-5, and A-6 (Appendix-

A). respectively. They show a straight line relationship and follow equation

5.6.

From the previous discussion and investigations of rheological properties
of tar and tar-solvent mixtures. it can be fairly stated that bolh tar and tar-
solvent mixtures can be considered as Newtonian fluids. The behavior and
rheological properties of the tar-solvent mixtures used in this study are con-
sistent with the behavior and properties of similar tars documented in the lit-

erature. The present results compare nicely. fcr example, with Athabasca
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Table 5.9: Mcasured and Predicted Dynamic Viscosities of Tar/Reformate
Mixtures at Different Temperatuves Using Shu Correlation.

Temperature VB o XA XB Measured Predicted Error
° Viscosity Viscosity
cc) % cp cp %
20 0.560 0.440 138.0 132.6 3.9
20 40 0.318 0.323 0.677 13.31 12.71 4.n
60 0.175 0.825 3.00 2.94 2.0
80 0.074 0.926 1.10 1.08 1.8
20 0.608 0.392 19.00 50.22 -2.5
40 40 0.388 0.368 0.632 7.52 7.94 -5.6
60 0.206 0.794 2.38 2.28 4.2
80 0.089 0.911 0.96 0.93 3.1
20 0.650 0.350 22.00 21.07 4.2
60 40 0.464 0.410 0.590 4.84 4.98 -2.9
60 0.236 0.764 1.75 1.74 0.6
80 0.104 0.896 0.79 0.79 0.0
20 0.680 0.320 10.30 10.74 -4.3
89 40 0.532 0.440 0.560 3.27 3.39 -3.7
60 0.260 0.740 1.40 1.40 0.6
80 0.120 0.880 0.70 0.69 1.4
; 20 0.700 0.300 6.40 6.70 4.7
;100 ‘ 40 0.587 0.470 0.530 2.50 2.56 2.4
i 60 0.280 0.720 1.18 1.18 0.0
80 0.130 0.870 0.63 0.63 0.0 ;
20 0.720 0.280 n.20 4.18 0.5 |
120 40 0.641 0.490 0.510 1.91 1.90 0.5 f
60 0.300 0.700 1.00 0.98 2.0 }
80 0.140 0.860 0.57 0.56 1.8 I
1
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Table 5.10: Mcasured and Predicted Dynamic Viscosilies of Tar/Naphtha
Mixtures at Differcnt Tempevratures Using Shu Correlation.

Temperature VB o XA XB Mecasured Predicted Error
o Viscosity Viscosity
«(Cc) % cp cp A
20 0.490 0.510 86.31 82.69 5.2 .
20 40 0.240 0.265 0.735 10.17 9.77 3.3 :
60 0.140 0.860 2.93 2.93 0.0 |
80 0.060 0.940 1.35 1.35 0.0 |
20 0.540 0.460 36.20 35.52 1.9
40 40 0.300 0.310 0.690 6.42 6.31 1.7
60 0.170 0.830 2.20 2.20 0.0
80 0.070 0.930 1.08 1.08 0.0
20 0.580 0.420 14.92 14.67 1.7
60 40 0.350 0.340 0.660 3.50 3.59 -2.6
60 0.1790 0.810 1.45 1.45 0.0
80 0.080 0.920 0.77 0.77 0.0
20 0.610 0.390 7.77 7.63 1.8
80 49 0.390 0.370 0.630 2.39 2.38 0.4
60 0.210 0.790 1.08 1.08 0.0
80 0.090 0.910 0.61 0.61 0.0
20 0.630 0.370 5.00 .82 3.6
100 40 0.420 0.390 0.610 1.74 1.76 ~1.1
60 0.220 0.780 0.87 0.87 0.0
80 0.090 0.910 0.52 0.52 0.0
20 0.630 0.370 3.02 2.95 2.3
120 40 0.431 0.290 0.610 1.2h0 1.24 0.0
60 0.220 0.780 0.67 0.67 0.0
80 0.300 0.900 0.n3 0.43 0.0




72

Table 5.11: Measured and Predicted Dynamic Viscosities of Tar/Kerosene

Mixtures at Different Temperatures Using Shu Correlation.
(Temperature VB a XA XR Measured Predicted Ervor
o Viscosity Viscosity
(C) 4 cp cp %
20 0.580 0.420 255.50 2n7.75 3.0 i
20 40 0.347 0.340 0.660 30.60 29.45 3.8 f
60 0.190 0.810 7.77 7.43 w.n
80 0.080 0.920 2.88 2.83 1.8 ;
20 0.630 0.370 78.20 81.14 -3.8 :
40 40 0.428 0.390 0.610 15.10 15.63 -3.5
60 0.220 0.780 5.10 4.90 3.9 ;
80 0.100 0.900 2.04 2.08 -1.9 i
20 0.660 0.340 25.32 25.83 -2.0
60 40 0.487 0.420 0.580 7.10 6.75 4.9
60 0.240 0.760 2.60 2.50 3.9
i 80 0.110 0.890 1.20 1.16 3.3
20 0.690 0.310 12.24 12.70 -3.8
80 40 0.561 0.460 0.540 4.30 4.40 -2.3
60 0.270 0.730 1.96 1.91 -2.5
80 0.120 0.880 1.00 0.98 2.0
20 0.720 0.280 7.63 7.91 -3.7
100 40 0.629 0.490 0.510 3.23 3.34 -3.4
60 0.300 0.700 1.58 1.64 -3.8 |
80 0.140 0.860 0.87 0.90 -3.n '
20 0.740 0.260 n.n h .85 -2.3 ;
120 40 0.694 0.510 0.490 2.30 2.42 -5.2 5
60 0.320 0.680 1.28 1.33 -3.9 ;
80 0.150  0.850 0.77 0.79 -2.6




73
bitumen mixed with naphtha and other solvents which also display Newtonian

behavior (Schramm, L. L., 1988).

5.4 INTERFACIAL TENSION OF TAR AND
TAR-SOLVENT MIXTURES AGAINST BRINE

The interfacial tension between tar, or heavy oil. and injected brine plays
an important role in the displacement efficiency. The interaction between tar
and hot water depends on temperature and the composition of both oleic and
aqueous phases. Increasing the formation temperature is the most significant
factor in mobilizing the tar or heavy oil. However. the acddition of solvent to
injected hot water is expected to improve the displacement efficiency and

thus enhance oil recovery by reducing IFT between tar and brine.

in this study, the effect of temperature on IFT between lar and brine as

well as between tar-solvent mixtures and brine is investigated. Interfacial

tension is determined by measuring the force necessary o detach a planar

ring of platinum wire from the surface of the liquid of higher surface tension,

that is upward from the water-tar interface (ASTM D971-82). The procedure
for IFT measurement is as follows:

(1) The first step is cleaning the ring with naphtha and heating to

glowing by holding this ring above a Bunsen burner. Also, the

sample container is cleaned with chromic acid. boiled out for a

prolonged period of time in distilled water. and then flamed out

with a Bunsen burner.
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(2) The second step is adjusting the tensiometer scale to zero. The
sample container is then filled halfway with the heavy phase (1%
KCL brine) and the perfectly cleaned ring is submerged in this
phase. Next, the light phase ( tar or tar-solvent mixture) is added
carefully on top of the heavy phase.

(3) The third step is allowing the tar-brine interface to age for 30 sec-
onds, then the container is lowered slowly until the pointer of
zero-point swings into the negative range and the servomotor
starts. The apparatus stops after a short period. and the meas-
ured value can be read on the digital display. For higher temper-
atures, the fluids and ring are left for 20 minutes for temperature

equilibration.

The measured interfacial tension is corrected by an empirically deter-
mined factor which depends upon the force applied. the densily of both tar
and brine, and the dimensions of the ring according to the following equa-

tion:

0 =0 X F (5.12)

where:

0 = corrected value of IFT (mN/m) .

*
O = measured IFT value (mN/m).

F = correction factor.
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Using the diameter ratio, R/r, specified by the manufacturer for the ring
used, the measured IFT value should be corrected by the equation of Zuide-

ma and Waters (1941):

. 172
F = 0.725 + -%;3539—-+o.04535 - 1.679 (5.13)
LE(D~d) R/

where:

D = density of the brine (g/cc).

d = density of tar or tar/solvent mixture(g/cc).
*

0 = measured interfacial teusion(mi/m) .

Lb = wetted length (119.95 mm) .

R/r = diameter ratio (51.6).

According to the ring specifications, equation 5.13 becomes

1.01x10 45" 1777
F o=0.725 +|===2%29 T 14 9121 (5.14)
(D—d) V

The correction factor F should be multiplied by 1.07 before it is applied to
the measured value. So, the corrected IFT value will be calculated from the

following equation:

*

0O =0 x Fx1.07 (5.15)
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Distilled water was used to check the equipment. At 22 "c | the IFT
between distilled water and air was measured as 72.3 mN/m which indicates

a good calibration and working conditions of the K10 Digital Tensiometer.

Figure 5.18 shows the IFT/temperature relationship for tar-brine,
reformate-brine, naphtha-brine, and kerosene-brine systems. These results
show a decrease in IFT with temperature in the range of 22 "¢ 10 85 “C. The
decrease of IFT values at higher temperature can be attributed to the weaken-
ing of intermolecular forces at the nil-brine interface. In addition. Figure 5.18
shows that kerosene-brine, reformate-brine, and naphtha-brine IFT values are

higher than tar-brine IFT values. The IFT results are, also, listed in Table 5.12.

IFT measurementls at different temperatures were also carried out for dif-
ferent tar-solvent mixtures and brine. Figures 5.19. 5.20. and 5.21 show plots
of IFT results vs. temperature for tar-reformate. tar-naphtha, and tar-
kerosene mixtures over the temperature range of 22 "¢ to 85 "¢ , respective-
ly. These results show a general trend of increase in IFT with increase in
percent of solvent. This trend is expected since {ar has the least IFT with

brine at any temperature.

Also, it can be mentioned that IFT values increase as he density differ-
ence between oleic phase and aqueous phase increases. For instance a mix-
ture of 20% reformate and 80% tar which has a density difference of 0.106
g/cc will have an IFT of 17.60 mN/m at 22 ~¢ Wwhile a mixture of 80% refor-
mate and 20% far which has a densily dilference of 0.192 g/cc will have an

IFT of 20.5 mN/m at the same temperature. The same trend can be observed
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for the other tar-solvent mixtures studied at different temperatures. Tables
A-14, A-15, and A-16 (Appendix-A) summarize the IFT results for tar-

reformate, tar-naphtha, and tar-kerosene mixtures. respectively,

It should be noted that the trend of IFT vs. temperature for tar, solvent.
tar-solvent mixtures and brine observed in this study is consistent and in
agreement with other IFT results available in the literature. For example,
Bowman (1967) studied the effect of temperature on the properties of Atha-
basca tar sands and found a decrease i IFT values with an increase in
temperature up to 90 °c for bitumen-water system. In another study carried
out by Flock and Gibeau (1986) on the effect of temperature on the interfacial
tension of heavy crude oils, they pointed to a decrease in IFT with an

increase in temperature over the range from room temperature to 160 °C.

It can be stated that the most important factors affzcting IFT of tar-solvent
mixtures are temperature and concentration of soivent. So. a nonlinear
regression analysis was performed on the data plotted on Figures 5.19. 5.20.
and 521 to correlate IFT results of tar-reformate, lar-naphtha, and tar-
kerosene mixtures. respectively, with temperature and solvent concentration.
The following relations were obtained for prediction of IFT values of the previ-

ous mixtures:

. “ . =
7 R) 18.0282 0.1031 7 4 0.07393 ¢, (5.16)

= — 2 -4 [
U(T-N) 18.9387 0.11218 T 0.0972 CN (0.17)



== - 49 Y - 5
U(T K) 22.569 0.15496 T + 0.06534 Cr (5.18)

where:

U(T R) = predicted IFT of tar-—reformate mixture, (mN/m) .
U(T-N) = predicted IFT of tar “naphtha mixture, (mN/m) .

U(T—K) = predicted IFT of tar -kerosene mixture, (mN/m) .

CR = reformate concentration, (Percent) .
CN = naphtha concentration, (percent) .
CK = Kkerosene concentration, (percent).

The absolute errors involved in relations 5.16 through 5.18 are less than

10.15% with an average of 3.8% as shown in Tables A-13 through A-15

(Appendix-A).



5.5 EFFECT OF TEMPERATURE ON RELATIVE
PERMEABILITY

One of the most important petrophysical parameters that describes multi-
phase flow through porous media is the relative permeability. In many cases.
relative permeability curves obtained at room temperature are used to pre-
dict fluid flow at reservoir temperature. This practice can lead to inaccurate
forecasts of oil recovery. So, many researchers (Davidson. L.B., 1969. Mun-
gan, 1973, Weinbrandt and Ramey, 1975, Miller and Ramey, 1983) have inves-
tigated the temperature effects on relative permeabililies. Although their
experimental results are quite contradictory, they all found that raising the

temperature changes relative permeability curves.

In this study, four experimenls were carried out to study the effect of
temperature on relative permeability in order to have a better understanding
of recovery mechanisms involved in thermal-miscible displacement. A mix-
ture of 40% solvent (reformate)-60% tar was used as the oleic phase. The
assumption here is thal during the course of displacement the tar in the
cores is completely mixed with the solvent slug. The aqueous phase was
represented by 1% KCL. The experiments were conducled on fired Berea
sandstone cores of 2.54 cm in diameter and about 10 cm in length according
to the procedures described in chapter IV (section 4.3.4). The confining pres-

sure was 2000 psi and flow rate was 1 cc/min for the four runs.



5.51 Effect of Temperature on Absolute Permeability

Before relative permeability runs were performed on the Berea cores,
absolute permeability to waler at 100 % water saturation was measured at
room temperature and at elevated temperatures. Figure 5.22 shows absolute
permeability versus temperature with the individual points identified by the
run number. The straight line fit indicates the trend of the data. It is clearly
observed that, within the range of temperatures sludied. there is a considera-
ble decrease in the absolute permeability of Berea sandstone cores as the
temperature increases. Weinbrandt and Ramey (1975) indicated a significant
decrease in the absolute permeability at higher temperalures that is in agree-
ment with this study. This decrease in absolute permeability at elevated
temperature may be attributed to the expansion of rock grains which causes

changes in pore geometry and closure of some tight openings.
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5.5.2 Effect of Temperature on Oil and Water Relative

Permeability

Unsteady-state imbibition relative permeabilities were determined using
the Johnson-Bossler-Naumann method (1959). A forlran program written by
Kose (1987) which employed a third degree polynomial fit to the experimental
data was used to calculate the individual relative permeabilities. Four experi-
ments: Runs# 33, 34, 35, and 36 were conducted at a temperature of 25, GO,
80, and 100 "¢ , respectively. Raw data used in relative permeability calcula-

tions for these runs are presented in Tables A-16 through A-19 (Appendix-A).

The relative permeability curves for Runs# 33 through 36 are shown in

Figures 5.23 through 5.26 while water saturation. fraction flow of water, K, o
and K ., esults are presented in Tables A-20 through A-23 (Appendix-A). All

sets of relative permeability curves for the four runs are shown in Figure

5.27.

Figure 5.27 indicates that for any given waler saturation. relative perme-
ability fo oleic phase increases with increasing temperature while the
increase in relative permeability to water is not significant.  This may be
altributed to the decrease of the interfacial tension at higher temperatures.
Also, Figure 5.27 indicates that the increase in temperature shifled the curve

of relative permeability to oil (Kro) in the direction of increasing water satu-

ration but the curve’s shape is not changed significantly. The crossover point

(at which Ko = K, ) shifts toward a higher water saturation with increas-

ing temperature. This indicates an increase in water-wetness of the Berea
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cores. Similar behavior for sandstone cores has bheen reported by Makorn-

thap and Evans (1986). However, the K,., curves showed no such shift with

temperature, rather they rotated in a counter clockwise manner leading lo a

decrease in K, below 45% Sw and increase above 15%, Sw.

Rl'W

Water/ail relative permeability ratio.

. and water fraction flow curves
20

at different temperatures are shown in Figures 528 and 5.29, respectively.

. . rv . . .
For a given water saturation, — decreases with increasing temperature.
ro
ry . . . . . .
T shifts toward higher water saturations with Increasing temperature
ro

reflecting an increase of water-wetness of sandstone cores. This behavior is

similar to the behavior observed by Edmondson (1965) which showed a

KI'W

decrease in the ratio with temperature increase.

ro

Figure 5.29 shows a decrease in [raction of water wilh temperature
increase for any given water saturation. The temperature increase shifted the
fraction flow curve in the direction of increasing water saturation indicating
an increase in water-wetness of the cores. Table 5.13 summarizes the
unsteady-state end point data of relative permeability runs conducied at dif-
ferent temperatures. The results of this table show thal irreducible waler satu-

ration, S, ir » increased from 28.6 % at 25 "C to 36.7 % al 100 “C. This may

be due lo the decrease of capillary forces between oleic and aaqueous phases
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as a resull of reducing the IFT forces al higher temperatures (see Figure
Mo

3.19). Also, the decrease of viscosity ratin, —<  at higher temperatures is
{
1%

another factor which may cause an increase of irredurible water saturation

Swir' On the other hand. the residual oil saturation, Sm_ . decreased from

37 % at 25 °c to 21 % at 100 "C. This could be due to a decrease in the

interfacial tension with increasing temperature.



Table 5.13: Unsteady-State End Point Data of Relative

Fermeability Experiments.

Run T Swi E Sor
!
# T % | 2 \
33 25 28.6 37.0
34 60 32.7 : 32.0 |
4 ! :
i | '
35 80 a4 .3 25.0
[
; !

36 100 | 36.7 210




Chapter VI
RESULTS AND DISCUSSION

In this study, all displacement experiments were condicted on one- foot
Berea sandstone composite cores as described in chapter IV. The tar viscosi-
ly was about 10,000 cp and the ratio of oil zone to iar zone thickness was

always kept at 2:1. Both of these zanes had no initial water saturation.

In this chapter, the results are discussed with regard to the effect of hot-
water-driven hydrocarbon solvent injection on oil recovery from tarmat reser-
voirs. Specifically, the effect of solvent slug size. type of solvent, injection
rate. and mode of injection on the recovery were investigaled as related to

recovery mechanisms.

it is instructive to define various terms used in the following discussion.

These are:

OZPV = oil zone pore volume, cc.
TZPV = tar zone pore valume. cc
SPV = f{otal solvent injected. cc.
THPV = total hydrocarbon paore volume. cc.

= OZPV + TZPV

Np(b.t) = hydrocarbon produced at breakthrough, cc.
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Np = tolal hydrocarbon produced at 4 pare volumes of waler inject-
ed, cc.
R(b.t) = hydrocarbon recovery at breakthrough. (%% THPV).

Np(p ¢)
(THPV)

X 100

Rt = total hydrocarbon recovery, %a( THPV).

\
= M __ v 00

(THPV)
Rn = net hydrocarbon recovery. °4( THPV).

Np — SpV

— X 100

(THPV)

AR = Incremental recovery, percent.
AR = Rn (with solvent) - Rn (vithout solvent)
£ Rn (without solvent)
P(b.t) = pressure at breakthrough. psi.
T(b.t) = temperature at breakthrough, .
t(b.t) = time of breakthrough. min.
r = recovery ratio.
r Rn (with solvent) -- Rn (without solvent)

solvent slug sirze, ( percent of THPY )

The incremental recovery indicates the gain in the hydrocarbon recovery
as a result of the injection of hydrocarbon solvent in conjunclion with hot

water. Raw and computed resu's as well as production histories of all flood-
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ing runs are presented in the tables of Appendix-B.

6.1 EFFECT OF TEMPERATURE ON RECOVERY

To study the effect of temperature on the hydrocarbon recovery of tarmat
reservoirs, a cold-water injection experiment (Run # 1) and another hol-
water flooding (Run # 2) were conducted with no solvent injection. Table 6.1

lists the composite-core data and recovery results for both runs.
6.1.1 Cold-Water Flooding

Figure 6.1 shows a plot of recovery versus the volume aof water injected
(measured in terms of total hydrocarbon pore volumes) for a cold water
experiment (Run# 1). It is observed from Figure 6.1 that the recovery
increased up to water breakthrough and no additinnal recovery was observed

after that. The total hydrocarbon recovery, Rt, was about 40 %%,

The results shown in Table B-1 (Appendix-B) indicale that pressure needs
time to build up due to accumulation and a very siow advance of water
through the tar zone. Hence. no oil production was observed during the ini-
tial period of injection because of extremely lTow s mability and very small
displacement of tar. The cold-waler injection run resulted in relatively low
hydrocarbon recovery values. This was atlribuled tn an exlra high viscosily
ratio involved and a highly unfavorable mobility ratio during displacement of

tar by cold water.
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Figure 6.1: Recovery vs. water injected for Run# 1 (cold water
displacing tor, no solvent, Q = 1 cc/min).
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6.1.2 Hot-Water Flooding

The hydrocarbon recovery results for the hot-water injection experiment
(Run # 2) showed a similar trend to the cold-water experiment (Run # 1) as
seen in Figure 6.2. Comparison of Figures 6.1 and 6.2 shows an increase in

breakthrough recovery, R(b.t) (49.62 %) and total recovery, Rt. (49.91 %)

over the cold-water injection Run# 1.
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Figure 6.2: Recovery vs. water injected for Run# 2 (hot water
displacing tar, no solvent, Q = 1 cc/min).
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6.2 EFFECT OF SOLVENT SLUG SIZE ON RECOVERY

The simultaneous use of thermal and miscible displacement methods can
be effective because of the combined effect on the mobility ratio and the
interfacial tension. In this study, different solvent slug sizes driven by hot

water were applied to investigate the effect of solvent slug size on the recov-

ery.

Table 6.2 summarizes the experimental data and results for runs conduct-
ed to study the effect of solvent slug size on recovery. In Appendix-B, Tables
B-3 through B-8 list the results of production histories of the recoveries in
addition to the inlet pressure and temperature for Runs# 3 through 7 and

Runf# 139, respectively.

Figure 6.3 snows the plot of net recovery (% THPV) versus solvent (refor-
mate) slug size (% THPV). From Table 6.2 and Figure 6.3. it can be seen that
the net hydrocarbon recovery, Rn, increased as the solvent (reformate) slug
size increases up to 10 % THPV. Beyond that, the net hydrocarbon recovery

tends to decrease.

Therefore, there is an optimum solvent (reformate) slug size which max-
imizes the hydrocarbon recovery. The results presented in Table 6.2 indicate
that the maximum net hydrocarbon recovery. Rn, was about 52.51 9%, (THPV)
and obtained at an optimum solvent (reformate) slug size of 9.45 % (THPV).
After that, the recovery seems to decrease for larger solvent slug sizes. A
similar trend is observed when naphtha was used as a solvent. This will be

discussed later in the investigation of the effect of type of solvent.
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Two interesting findings are obtained from the resulls presented in Table
6.2. The first one is that the ultimate hydrocarbon recovery was higher than
breakthrough recovery. This may be due to the production of small hatches of
a mixture of oil, tar, and solvent afler breakthrough. Such behavior is differ-
ent from the one obtained by applying cold or hot-water fiooding which indj-
cates little or no oil production after water breakthrough. The second finding
is that the breakthrough time was prolonged as solvent slug size increases
up to the optimum slug size. For larger slug sizes. breakthrough times
become shorter. However, for very large slug sizes (33 “4THPV) which is not

economical, the breakthrough time increased again.

Figure 6.4 shows a lypical history of hydrocarbon recovery, Rt, versus the

volume of water injected, in » as obtained for Run# 4. These results indi-

cafe that the THPV's injected at breakthrough recovery vary over g very small
range with an average of 0.54: while, the THPV's in the case of cold-water
flooding were about 0.41 and for hot-water flooding were 0.51. Thus, compari-
sons of results show that the THPV's injected at breakthrough recovery using
solvent slugs driven by hot water are higher than those oblained from cold or
hot-water flooding. This reflects an enhancement in the tar maobility and

recovery.

It can be stated that the injection of a solvent slug prior to hot water
flooding leads to an increase in the hydrocarbon recovery when compared to
cold-water or hot-water flooding alone. This can be attributed to the com-

bined effects of temperature and mixing of solvent with tar and oil. The



70

10

|
%050 700 TS0 700 T 300 350 4.00 450 5.00
Water Injected ( THPV )

Figure 6.4: Recovery vs. water injected for Run# 4 (hot water
with reformate slug = 9.45 2 THPV, Q = 1 cc/min).

=

1
0O



110
hydrocarbon recovery increases as the solvent slug size increases up to an

optimum slug size for which the recovery is maximum.

6.3 EFFECT OF TYPE OF SOLVENT ON RECOVERY

To investigate the effect of type of solvent on hydrocarbon recovery, dif-
ferent naphtha slug sizes driven by hot water were injected. Table 6.3 sum-
marizes the experimental data and resulls for Runs# 20 through 24 which
have different naphtha slug sizes. Figure 6.5 shows a plot of net hydrocarbon

recovery, Rn (% THPV), versus solvent (Naphtha) slug size ("o THPV).

Both Table 6.3 and Figure 6.5 indicate an increase in recovery as the sol-
vent slug size increases up to an optimum slug size. In ihis case, the opti-
mum slug size was about 11% (THPV). It is quite clear that beyond the opti-
mum slug size the recovery decreases. Also, Table 6.3 shows that
breakthrough time is prolonged as solvent slug size increases up to the opti-
mum value. The ultimate hydrocarbon recovery is higher than breakthrough

recovery. This result is similar to the one observed with reformate.

The net hydrocarbon recovery is a little higher in the case of reformate
when compared to naphtha, Beyond the optimum slug value the situation is
reversed. The difference in recovery oblained by using a reformate slug and
a naphtha slug is not so high. This may be due to a small difference in the

viscosities of reformate (0.52 cp) and naphtha (0.79 cp). (see Table 5.8).
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A typical plot of the history of hydrocarbon recavery versus the volume of

brine injected, Qiw » for Runi 21 is shown in Figure 6.6. In this run. the opti-

mum slug size of naphtha was used. The results presented in Appendix-B
(Tables B-9 through B-13) indicate that THPV's injected at breakthrough vary
over a small range (0.51 - 0.57) with an average of 0.54 which is higher than
the one observed with cold-water flooding (0.41) or hot-water flooding (0.51).

This is an indication of enhancement of tar mobility.

The previous discussion and observations show that both reformate and
naphtha slugs driven by hot water result in an increase in hydrocarbon
recoveries as the solvent slug size increases up to a certain value. For each
solvent there is an optimum slug size. Away from the oplimum slug size, the
hydrocarbon recovery will decrease. The small difference in recoveries for
both solvents is due to the slight difference in the viscosities. Indeed, the ref-
ormate which has a slightly lower viscosily than naphtha, produces a higher

recovery.



Recovery ( X THPY )

70

60

50

20 /
10

/

%

S0 100 150

Water Injected ( THPY )

Figure 6.6: Recovery vs. water In
with naphtha slug =

2.00

2.50

3.00

3.50

4.00

jected for Run# 21 (hot water
10.93 ZTHPV, Q = 1 cc/min)

114



115
6.4 EFFECT OF SOLVENT SLUG SIZE ON RECOVERY
RATIO

The recovery ratio (r) is defined as the difference in the net recoveries
between those obtained from hot water and solvent fioocling runs and that
obtained form hot-water flooding only divided by the solvent slug size (%
THPV). It reflects the effectiveness of the solvent in producing a higher recov-
ery and can be considered as an economic index. The results presented in
Tables 6.2 and 6.3 show that the recovery ratio ( r ) increases as the the sol-
vent slug size increases up to optimum. For solvent slug sizes larger than the
optimum, the recovery ratio decreases. From an economic point of view, it is
better to use the small slug size (optimum) which maximizes the recovery. A
recovery ratio greater than zero indicates a gain over the solvent slug inject-
ed. The incremental hydrocarbon recovery (AR ) indicate similar trend as
the recovery ratio as shown in Tables 6.2 and 6.3. However, the recovery
ratio and incremental recovery are higher in the case of reformate than naph-

tha.

6.5 EFFECT OF INJECTION RATE ON RECOVERY

The injection rate plays an important role in the mavement of fluids
through the porous medium during any displacement process. Therefore, a
different series of cold and hot-water floods were conducted using a compos-
ite core arrangement to sludy the effect of injection rale on hydrocarbon

recovery as discussed below.
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6.51 Cold-Water Displacing Oil ( Kerosene ), No Tar Zone

The first series of displacement runs involved cold waler displacing oil
(kerosene) with no tar zone present. Three runs: Runsf 16, 17. and 18 were
conducted at 1, 2, and 4 cc/min, respeclively. Table 6.4 summarizes the
experimental data and recovery results while Figure 6.7 shows recovery ver-

sus water injected for these runs.

The results indicate a decrease in total oil recovery as the injection rate
increases. The {otal recoveries for Runs# 16. 17. and 18 were 74.08, 68.46.
and 66.93 % (0ZPV), respectively. The recoveries are quile high because of
close values of brine viscosity ( 1.04 cp ). and oil viscosity ( 1.39 cp ). Hence,
the mobility ratio is less unfavorable compared (o highly unfavorable mobility
ratio between brine and tar (Run# 1). In this case. it can be stated that the
displacement is quite stable. Also, it is observed that at higher injection rates
(2 and 4 cc/min) the breakthrough recovery occurs earlier than at the lower

rate (1 cc/min).



117

heZ 0g 6 €6°99 Wi €l €0°S9 Sg€'¢El £€6°0¢ 7 8
(44 L LL 9t° 89 L EL 2z ' 4v9 L8°21 70°0¢ (4 Ll
(X4 9 8L 80 hi 43811 AN FA €E"hl Lh'02Z L 9l
D rsd uTw (AdZ0)% 22 AdZ0 29 22 utw/90
°
AxvA000Yy % ojey 4
(3" 9L (3" 49)d (303 1ro daN (3'0y (3 q)dN AdZO uor3ioalug uny

Ax9oA000Yy uo 23wy uoridefur

*(du0Zz Iey oN ‘Burpoord I93eM PYOD)

F© 399333 943 jo SOTPN3S JI0F S3[NSOY pue wjeq TRIUSWTILAXT ih°Q aTqel




o
O

................
.............................
seee

"i.
:
|
|
|
i
|
]
|

w
[« ]

/ —Q = 1tee/min
- Q=2 cc/min

/ —Q =4 cc/min

Recovery ( X QZPY )
3

(2]
(]
—

20

10 ,
0 1.0 20 3.0 4.0 2.0 6.0

Water injected( 0ZPV )

Figure 6.7 Effect of injection rate on recove
(cold—water flooding, no tar zong.

118



119
6.5.2 Hot-Water Displacing Oil ( Kerosene ), No Tar Zone

In the second series of displacement runs. hat waler was injected at dif-
ferent rates to displace oil. Three hot-water flooding runs: Runs{ 13, 14, and
15 were carried out at 1, 2, and 4 cc/min, respectively. Table 6.5 lists the
experimental data and results and Figure 6.8 shows the recovery versus
water injected (OZPV) for these runs. A similar trend of decreasing recovery

with an increase in injection rate is observed.

Comparison of Figures 6.7 and 6.8 indicates thal the recoveries of cold-
water runs are higher than those of hot-water runs. Water breakthrough
occurs earlier in the case of hot-water flooding than cold-water runs. This is
because the viscosity of the injected hot-water is lower than that of cold-
water. Thus, the mobility ratio between cil ahead of the displacement front
and injected hot-water is less favorable than the mobility ratio in the case of

cold-water flooding.

Moreover, it is clearly shown that as the injection rate increases the pres-
sure drop across the cores increases in both cold and hot-water flooding
runs with no tar zones (Tables 6.4 and 6.5). This may be due to the less effect

of temperature on the viscosity of kerosene in the nil 7ane.
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6.5.3 Hot-Water Displacing Tar and Qil, No Solvent

The third series of displacement runs were conducted to study the effect
of injection rate on hydrocarbon recovery using hot water to displace tar and
oil. Three runs: Runs# 2, 11, and 12 were carried out at injection rates of 1, 2.
and 4 cc/min, respectively. Table 6.6 lists the experimental data and results
of these runs. A Plot of the hydrocarbon recoveries of Runs# 2. 11, and 12

versus volume of water injected (THPV) is shown in Figure 6.9,

Table 6.6 and Figure 6.9 indicate a decrease in hydrocarbon recovery as
the injection rate increases. For example. the total hydrocarbon recoveries,
(Y THPV), of Runs# 2, 11, and 12 which were carried out at injeclion rates of
1, 2, and 4 cc/min in order were 49.91. 4757, and 44.3 ", respectively.
Moreover, water breakthrough occurs earlier at higher injection rates than at

lower rates.

Comparison of Tables 6.5 and 6.6 shows that the hydrocarbon recoveries
(% OZPV) are higher in the case of runs using hot-water Ia displace tar and

oil than runs using hot water to displace oil only.
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6.5.4 Hot-Water Driven Solvent slug to Displace Tar and Oil
(Mode 1)

In the fourth displacement series, the hot-water-driven solvent (reformate)
slug was used to displace tar and oil. Table 6.7 lists data and results for
Runs# 5, 8, 9, and 10 conducted at 1,2, 4, and 6 cc/min. respectively. Figure

6.10 shows the effect of injection rate on the hydrocarbon recovery (% THPV).

These results show a decrease in the total hydrocarbon recoveries as the
injection rate increases. For example, the total hydrocarhon recovery was
62.48 %(THPV) for Run# 5 which was conducled at 1 cc/min: while in Run#
10, the injection rate was 6 cc/min resulting in a considerably lower value of

51.43 % (THPV).

it can be stated that a lower injection rate would reduce viscous fingering
and water channeling, thus increasing the period of miscibility and hydrocar-
bon recoveries. Hence, the total hydrocarbon recoveries are higher in the
case of runs using solvent slug and hot water than that obtained from runs

using hot water only ( Tables 6.6 and 6.7 ).
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6.6 EFFECT OF INJECTION MODE ON RECOVERY

In some applications of miscible displacement, solvent and hot water are
injected in small alternating slugs rather than in sequence. Therefore, three
different injection modes involving both reformate and naphtha slugs driven

by hot water were examined. These injection modes are described below.
(A) Mode |

In this mode, the optimum solvent slug size is injccted first followed by

continuous hot-water flooding (Figure 6.11. a).
(B) Mode 1l

In this mode, the optimum solvent slug is divided into two equal portions.
The two portions are separated by a slug of hot-water (50 %5TZPV) and the
second portion is driven by continuous hot-water flooding (Figure 6.11, b). It
is believed that this amount of hot-water slug (50 °4 TZPV) is sufficient to sep-

arate the two small solvent slugs.
{C) Mode 11

The optimum solvent slug is divided into four equal portions. Each por-
tion is followed by a slug of hot-water (25 % TZPV) and the last portion is

driven continuous hot-water flooding (Figure 6.11, c).
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6.6.1 Effect of Injection Mode on Recovery Using Reformate

Three displacement runs: Runs# 5, 25 and 27 were conducted at an
injection rate of 1 cc/min using the optimum slug of reformate and following
injection modes I, 1, and M1, respectively. The experimental data and results
of these runs are listed in Table 6.8. Figures 6.12 shows the change of hydro-
carbon recovery versus the volume of water injected for the three injection

modes.

These results show that mode It gave the highest recovery, both net and
total, and mode | gave the lowest. The pressure at breakthrough was the
lowest in mode Ill and the highest in mode |. Therefore. it can be concluded
that the more portions the solvent slug is divided into. the higher the recov-
ery will be. The total hydrocarbon recovery (%THPV) for modes |, I, and 1l
was 62.48, 65.26, and 67.75 %, respectively; while the net recovery (% THPV)
was 48.40, 51.89, and 53.97 %. respectively. The results of Table 6.8 show
that the pressure at breakthrough is less in the case of injection mode | (157

psi) and mode Il (34 psi) than in mode | (770 psi).
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6.6.2 Effect of Injection Mode on Recovery Using Naphtha

Three more runs:Runs# 22, 26. and 28 were conducted al I ce/min using
the optimum slug of naphtha following injection modes L1 and 1N, respec-
tively. The experimental data and results are presented in Table 6.9. Figure
6.13 shows the effect of injection mode on hydrocarbon recovery. The relat-

ed data and results of these runs are shown in Appendix-B.

It can be seen from the results of Table 6.9 and Figure 6.13 that both
injection mode Il and Il gave higher total recoveries. Rt (64.5 3 and 65.76 %,
THPV, respectively) than injection mode I which gave a lotal recovery of 62.33
%(THPV). This behavior is in agreement with recovery results obtained using
reformate. Hence, the injection of alternating small slugs of salvent and hot
water {modes i and ) gave better recoveries than the injection of one siug

continuously (mode 1).

It is interesting to note that, except ior mode I. the recovery with refor-
mate is always higher than the recovery with naphtha. This may be explained
by the fact that tar-reformate mixtures always have a slightly higher viscosity
than similar mixtures of tar-naphtha. Thus. the mobility ratio between tar-
reformate mixtures, and tar is more favorable than the mobhility ratio between

tar-naphtha mixtures and tar.
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6.6.3 Effect of Injection Rate on Recovery Applying Different

injection Modes

It is beneficial to study the effect of injection rate on hydrocarbon recov-
ery for the three injection modes described earlier. Runs involving mode |
and using reformate were discussed in section 6.5.4 and their results are pre-

sented in Table 6.7 and Figure 6.10.
6.6.3.1 Effect of Injection Rate on Recovery Applying Mode I

Three runs: Runs# 25, 29 and 30 employing mode Il were conducted at an
injection rate of 1, 2, and 4 cc/min, respectively. Tahle 6.10 summarizes the
data and results for these runs while Figure 6.14 shows the hydrocarbon
recoveries, Rt, versus the volume of waler injecled. The complete data and

results of these runs are presented in Appendix-B.

The results show a decrease in both tolal and net hydrocarbon recoveries
at higher injection rates. Total hydrocarbon recovery. Rt, for Runs# 25, 29.
and 30 conducted at 1, 2, and 4 cc/min in sequence were 65.26, 62.18, and
61.02 % (THPV), respectively. Similar results were obtained for net hydrocar-
bon recoveries. This behavior is similar to that observed for mode |I. Also,

both time and pressure at breakthrough decrease at higher injeclion rates.
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6.6.3.2  Effect of Injection Rate on Recovery Applying Mode 1li

Three runs: Runs# 27, 31, and 32 employing mode IH were conducted at
1, 2, and 4 cc/min, respectively. The experimental data and results for these
runs are listed in Table 6.11 while Figure 6.15 shows the hydrocarbon recov-
eries versus volume of water injected. Raw data and compuled results are

presented in Appendix-B.

These results indicate a decrease in breakthrough time, lotal and net
hydrocarbon recoveries as injection rate increases. This behavior is similar

to that observed with modes | and |i.

Comparison of the results listed in Tables 6.7, 6.10, and 6.11 indicates
that higher recoveries were obtained with modes Il and Il relative to mode |
at any given injection rate. Figure 6.16 demonstrates this trend. The compari-
son also leads us to believe that dividing the solvent slug into smaller por-
tions improves the recovery and provides for a trade off if a higher injection

rate is desired.
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6.7 PRESSURE BEHAVIOR

In the following section, the pressure behavior response {6 various
parameters such as solvent slug size, type of solvent, injection rate, ....... elc,

will be examined.
6.71 Pressure Behavior in Cold and Hot-Water Flooding

Figure 6.17 shows the variation of the inlet pressure versus the volume of
water injected for cold-water Run# 1. The volume of water is based on the
total hydrocarbon pore volume (THPV). The production oullet is always held
at atmospheric pressure, thus the inlet pressure was equal to the differential
pressure across the composile core. Figure 6.17 shows a sharp build up in
pressure right after the commencement of injeclion. The pressure reached a
peak then declined gently to a level which was maintained. more or less, at

constant value till the end of the run.

The time of the first oil production in Runf# 1 was about 9 minutes. At this
time, it is believed that the system have been pressurized enough that the tar
starts moving into the oil zone. Hence. il production starts al a slow rate
before water breakthrough of the tar layer. After the pressure reaches the
peak shortly before tar breakdown. the production rate increases slightly due
to decompression of the tar zone and starts to decrease gradually until a

steady-state level is reached.

The highly adverse mobility ralio between tar and brine leads to initiation

of water fingers at the water-tar interface. The unstable nature of the displace-



800

700

600

D

I

40 .80 1.20 1.60 2.00 2.40

Water Injected ( THPY )

Figure 6.17: Variation of the inlet pressure with water
injected for Run# 1, Q = 1 cc/min,

144



145
ment causes these fingers to propagate and grow through the tar zone. I is
believed to be the phase associated with pressure build up. Once the water
breaks thrcugh the tar zone, it is expecled that there is no significant growth

in the size of fingers due to high viscosity of the tar.

The inlet pressure and temperature versus the volume of water injecled
for the hot-water run, Run# 2 are shown in Figure 6.18. The pressure starts
increasing immediately after commencement of injection, bul with more time
required (25 minutes) to reach the peak than in lhe case of cold-water Run# 1
(16 minutes). The water injected to achieve the peak pressure required for tar
breakdown in hot-water Run# 2 was about 0.49 (THPV): while for cold-water.,
Run# 1. it was about 0.19 (THPV). It is observed from Figure 6.18 thal after
pressure reaches the peak value, it begins to decline gradually with large
fluctuations which correspond to synchronized fluctuations in the inlet temp-
erature. The dashed line in Figure 6.18 represents the smoothed trend of

pressure behavior if the inlet temperature was kept at constant value.

It is believed that the heat carried by hot water reduces the tar viscosity
and leads to movement of tar into the oil zone for a longer distance than in
the case of cold-water flooding. The instability between tar and hot water
causes fingering and channeling of hot water in the tar tayer, but in this case
the fingers may have a significant growth in their size due 10 heat conducted.
This was confirmed by visual inspection of the composite core after the flood
where movement of tar into the oil zone was larger than in the case of coid-

water run.
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6.7.2 Pressure Behavior of Runs Investigating the Effect of

Solvent Slug Size on Recovery (Mode )

In Runs# 3, 4, 5, 6, 7, and 19, a solvent (reformate) slug size of 5.84, 9.45,
13.07, 15.52, 19.40, and 33.26 %(THPV) respectively, was used. Typical varia-
tions of inlet pressure and temperature versus the volume of water injected
(THPV) for these runs are shown in Figure 6.19 (Runft 5). Similar graphs for
Runs# 3, 4, 6, 7, and 19 are shown in Appendix-C. These figures show a rapid
build up in pressure after starting the injection due to high resistance of the
tar layer. After the injected fluids breakthrough the tar layer, the pressure
declines sharply. However, with continuous hot-water injection, the pressure
starts increasing gradually due to encroachment of tar and tar/solvent mix-
ture into the oil zone which may cause reduction of permeadility in this zone.

These figures show fluctuation of pressure drop with variation of temperature.

Another group of runs: Runs# 20 through 24 were carried cut using
another solvent (naphtha) with slug sizes of 5.21. 10.93. 13.99, 20.14, and
24.75 %(THPV), respectively. Figure 6.20 shows a typical pressure drop ver-
sus water injected for these runs (Runj#f 20). Similar graphs for Runs# 21

through 24 are shown in Appendix-C.

It is clear that for both naphtha and reformate. the pressure and tempera-
ture histories for a typical displacement run are similar but with different

peak pressure levels (Table 6.12).
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Table 6.12: Peak Pressure for Runs Investig

Solvent Slug Size on Recovery.

150

ating the Effect of

Run Solvent Slug Size Peak Pressure Time of
# Pcak Pressure
%4CTHPV) Psi. min

3 Reformate 5.84 595 9

4 Reformate 9.45 285 T

5 Reformate 13.07 930 o 12

6 Reformate | 15.52 790 i 4

7 Reformate | 19.40 750 TR
19 Reformate | 33.26 1620 N
20 Naphtha 5.21 680 T 77E

21 Naphtha 10.93 415 1
22 Naphtha 13.99 N T S—
23 Naphtha 20.14 212 T N
24 Naphtha 24.75 375 [

13 ;
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6.7.3 Pressure Behavior of Runs Investigating the Effect of

Injection Rate on Recovery of Tarmat Reservoirs

Two groups of displacement runs were conducted to study the effect of
injection rate on recovery for tarmat reserveirs. In the first group, only hot-
water was injected at different rates to displace tar and oil. Three runs:
Runs# 2, 11, and 12 were conducted at injection rates of 1. 2, and 4 cc/min,
respectively. Figures 6.18, 6.21, and 6.22 show the variation of pressure drop
and inlet temperature for Runs# 2, 11, and 12, respectively. These figures and
the results given in Table 6.13 show {hat as the injection rate increases the
peak pressure values at which the tar fayer breaks down decreases. This may
be attributed to the large amount of heat carried by hot-water flow at high
rates and reduction of tar viscosily in addition fo 2 decreass 'n interfacial
tension between tar and hot brine. Moreover. the time required for pressure
to reach its peak value as well as the time of first oil production decrease as

the injection rate increases.

In the second group, hot-water-driven optimum solvent (reformate) slug
size was used to displace tar and oil. Runsff 5. 8. 9. and 10 were conducted
at injection rates of 1. 2, 4, and 6 cc/min, respectively. Figures C-10 through
C-12 (Appendix-C) show the pressure drop variation and inlet temperature
versus the volume of water injected (THPV) for Runs# 8 Ihrough 10. These fig-
ures in addition to Figure 6.19 and Table 6.13 indicate a similar trend of
decreasing the time of peak pressure and oil production time as the injection

rate increases. Hence, the variation of pressure drop in the second displace-
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Table 6.13:

Peak Pressure for Runs Investigating the Effect of

Injection Rate on Recovery.

Run Injection Solvent Peak Pressure Time of Time of
# Rate Peak Pressure | 0il Production
cc/min Psi min min
2 1 1200 25 9
11 2 1120 11 7
12 4 — 795 ] [ |
S .- ;
5 1 Reformate 930 12 10 !
|
e e L :
8 2 Reformate 1200 23 7
9 4y Reformate 480 9 i :
10 6 Reformate 340 12 3
|
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ment group is similar to that obtained in the first group. However, the Peak
pressure of Runft 8 which was conducled at 2 cc/min is 1200 psi. It shows an
opposite trend of pressure drop behavior with injection rate. This may be
attributed to high viscous forces which outweigh the effect of heat transferred

by hot water flowing at 2 cc/min.

values of peak pressure and sieady-slate pressure when using a solvent
slug driven by hot water are less than those values ablained when using hot

water only.

6.7.4 Pressure Behavior of Runs Investigating the Effect of

Injection Mode on Recovery

As mentioned earlier in section 6.6, three runs (Runsft 5, 25, and 27)
using reformate plus three runs (Runs# 22. 26. and 28) using naphtha were

conducted to study the effect of injection mode on recovery.

Figure 6.19, 6.23, and 6.24 show the graphs of pressure drop and inlel
temperature variation versus the volume of waler injecled (THPV) for Runs#
5, 25, and 27, respeclively. These figures and the results presented in Table
6.14 show that both injection modes It and HI result in much lower levels of
peak and steady-state pressure than mode . Far example, the peak pressure
for Runs# 5, 25, and 27 were 930, 275. and 210 psi. respectively. This indi-
cates that both injection mode Ii and Il were desirable as far as brine injec-

tivity is concerned.
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Table 6.14: Peak Pressure for Runs Investigating the Effect of

Injection Mode on Recovery.

158

i
Run Injection Solvent Pcak Prossure Time of
# Mode Pcak Pressure
Psi min
5 I Reformate 920 12
| T
25 194 Reformate | 275 11 ’
27 IIX Reformate 210 11
22 I i Naphtha 800 13
H :
i 26 II ;i Naphtha 7760 18 :
{ 1 ;
' : 1
i : R L
l i
' 28 III Naphtha 395 I
| |
H 1
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For the naphtha runs, Tables 6.14 and Figures C-7. C-13. and C-14
(Appendix-C) indicate similar behavior of decreasing peak and steady-state
pressure levels in the case of modes I, and Il compared to mode I. More-
over, it is clear that while the ‘steady-state’ pressure was climbing for mode |,

it stabilized for mode ll, and was actually declining for mode |I1.

6.7.5 Effect of Injection Rate and Mode on the Pressure

Behavior

Three displacement-run groups were conducled to study the effect of
injection rate on recovery for different injection modes. In the first group,
Runs# 5, 8, 9, and 10 were conducted at injection rates of 1. 2. 4. and 6 cc/
min, respectively. All these runs represent injection mode 1. The behavior of

the pressure drops of these runs was discussed earlier in seclion 6.7.3,

In the second group, Runs# 25, 29. and 30 were carried aut at injection
rates of 1. 2, and 4 cc/min, respectively. These runs represent injection mode
Il. Figures 6.23, 6.25, and 6.26 show graphs of pressure draps and inlet temp-
erature variations versus the volume of water injected (THPV) for Runs{ft 25,
29, and 30, respectively. These figures and resulls listed in Table 6.15 indi-
cate that at higher injection rales, the peak pressure values increases. The
required time for pressure to building up to the peak value and the break-

through time are less in the case of higher injection rates than lower rates.

In the third group, Runsft 27, 31, and 32 were conducted al injection rates

of 1, 2, and 4 cc/min, respectively. These runs represent injection mode Ii1.
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Table 6.15: Peak Pressurc for Runs Investigating the Effect of

Injection Rate and Mode on Recovery.

Run Injection Injection Peak Pressure Time of
# Rate Mode Peak Pressure
cc/min Psi min
25 1 II 275 11
|
29 2 II 530 5
30 4 II 540 4
27 1 I1I 210 11
31 2 IIX 245 8
32 q IIT 635 4
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Figures 6.24, 6.27, and 6.28 show the pressure drops and inlet temperature
variations for These runs. These figures and results listed in Table 6.15 indi-
cate a similar trend of pressure behavior as in the case of injection mode i
but with different peak pressure values. Also, the steady-state pressure level
for modes Il and 11l is more stable (Figures 6.27 and 6.28) than that for mode

| (Figure 6.24).
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6.7.6 Pressure Behavior of Runs Investigating the Effect of

Injection Rate on Oil Recovery ( No Tar Zone )

To investigate the pressure behavior when a tar layer is absent, Runs#
13, 14, and 15 were conducted at injection rates of 1. 2, and 4 cc/min, respec-
tively, using hot-water flooding. Figures 6.29 through 6.31 show pressure vari-
ations versus the volume of water injected (THPV) for these runs. These fig-
ures show completely different pressure behaviors than those obtained with
runs having a tar layer. They indicate a rapid increase in iiilet pressure up to
a steady-state pressure level with no pressure peak. The pressure gradient
values are much less than those encountered with tar runs. Moreover, at
higher injection rates the inlet pressure increases. This behavior s opposite
to the one obtained with tar runs at higher injection rates. This may be attrib-
uted to the larger decrease in tar viscosily than oil viscosity as a result of

heat {ransferred by hot water flow at higher rates. Hence. the resistance of tar

will bz reduced quickly because tar is more viscous than oil.

The addition of a solvent slug to hot-water flooding reduces the pressure
drop across the composite cores more than in the case of using cold or hot-
water flooding only. Such a reduction in the pressure drop may be attributed
to reduction of tar viscosity by the combined miscible and thermal effects.
Furthermore, both injection modes W and I resull in A lower pressure drop
than mode | at low injection rates and hence the injectivity and recovery were
improved. Higher injection rates result in lower pressure drop due to the

large amounts of heat iniroduced by the brine.
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6.8 AVERAGE WATER SATURATION

Table 6.16 lists the average water saturation for both oil and tar zones at
the end of each flooding run. These saturations were determined by extrac-
tion of the composite cores that make up each zone. Moreover, the average
water saturation in the oil zone was computed by material balance to com-
pare it with the value obtained from extraction. Table D-1 (Appendix-D) pro-
vides the water saturation data of tar and oil zones for all runs. The material
balance equation used to calculate the average water saturation in the oil
zone for runs having tar and oil zones (Runs# 1, 2. 11, and 12) without injec-

tion of solvent is:

N — S, X T2PV
- - ) 2] wt 0
swo 7PV X 100 (6.1)

where:
Ewo = average oil zZone water saturation, percent
OZPV = o0il zone pore volume, cc
rZPV = tar zone pore volume, cc
Np = cumulative oil produced, cc

gwt = average tar zZone water saturation, percent
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Since both oil and tar are miscible, so it is implied in equalion 6.1 that oil

is completely displaced by tar. For other displacement runs:Runs## 3 through
10 and 19 through 32 in which solvent (reformata or naphtha) slugs were
injected and driven by hot water, the foliowing material balance equation was

used to calculate the average water saturation in the oil zone:

N — S., X TZPV --SPI

— _ D wt
= X 100
Swo OZPV ! ©2)
where:
SPV = volume of solvent injected, cc

In this equation |, it is assumed that solvent slug is completely produced.
For Runs# 13 through 18 conducted to study (hz effact of injection rate on
recovery in the absence of tar layer, the average water saturation of oil zones
was determined by extraction method and material balance for comparison

purpose.



Table 6.16: Average Water Saturations by Extr
0il and Tar Zones for

All Fleoding Runs.
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action and MBE Mcthod of

Run |Injection Sw % (By Extarction) Sw % (By MBE)

# Rate Solvent

cc/min Tar Zone 0il Zone 0il Zone

1 1 9.04 53.02 55.60

2 1 15.70 63.75 YT ~

3 1 25.10 61.24 I Tenso T Reformate

4 1 23.40 6+.48 | 66.41 Reformate

5 1 24.50 59.05 62.62 Reformate

6 3 22.90 5515 U 57 83 Reformate
7 1 25.70 4% .54 I arsi Reformate

8 2 23.10 50.34 e 53.26 Reformate |
9 4 25.50 .34 50.06 Reformato
10 6 23.60 u6.05 | a7z T Reformato
11 2 20.66 56.70 | Tea73 . "'
12 { 4 18.57 5193 ? Css.6o _:j
PR _ 660 1 eaee T T
14 2 - 61.30 6622

15 4 _ 1 60.62 T Tens T T

16 1 _ 70.70 ZR Y _




Table 6.16:

Continued.

173

Run |Injection Sw % (By Extarction) Sw % Ry MBE

8 Rate Solvent
cc/min Tar Zone 0il Zone 0il Zone

17 2 L 65.70 69.86

18 4 63.15 6727 !

19 1 27.37 80.76 | n2.31 Reformate |

20 1 30.86 55.71 RETRE] Naphtha

21 1 22.60 59.74 67.00 Naphtha

22 1 21.35 59.32 ) 62.54 Naphtha |

23 1 22.20 52.34 5522 Naphtha

24 1 23.96 48.57 5123 | Naphtha

25 1 25.60 64.27 T 65.35 Reformate |

26 1 27.50 62.25 T e 7T Naphtha !

27 1 23.60 66.20 | 70.14 Reformate

28 1 26 .50 63.80 |  e5.35 1T Naphtha

29 2 22.80 60.67 T 6198 Reformate ¥

30 3 25.30 55.01 | 57 es Reformate

31 2 24.50 s9.05 | 6318 7 Reformate

32 4 26.10 56.30 | T 60.25 T Reformmio
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Table 6.16 shows that the average waler saturation in the oil zone com-
puted by material balance equation is always higher than that obtained by
extraction method. This could be the result of water evaparation during stor-
age of the cores. Also, it is observed in all runs which have both tar and oil
zones that there is a gradual increase in the average waler saturation of oil
zones toward the production outlet. This saturation distribution is opposite to
what is usually expected in regular water flooding tests which exhibit gradual
decrease in water saturation toward the outlet. The average water saturation
results of displacement Runs# 13 through 18 (Appendix-D) in which water
displaced oil directly (no tar zone) confirm the decrease of waler saturation
in the direction of water flow since the average waler saturalions in the down

stream cores are always less than those of cores al the injection inlet.

The results presented in Table 6.16 and Appendix-D indicate no specific
water saturation trend with the variation of the the solvent siug size, type of
solvent, or injection modes. Comparison of water saturalion results of cold-
water Run# 1 and hot-water Run# 2 shows higher water saturation, in both oil

ad tar zones,in the case of hot-water flooding than cold-water flooding.

In hot-water displacement runs, Ewt was always higher when a solvent

slug was present This may be altributed to the thinning up of tar with solvent
thus causing the tar to be more displaceable. it is clearly observed that aver-
age water saturation in the oil zone decreases as the injection rate increases

as a result of viscous fingering and channeling phenomena.



Chapter VII
ANALYSIS AND MODELING

7.1 INTRODUCTION

It appears from what has been seen in the previous chapters that the
complexity of the flow in tarmat svstems, comes from the interaction of the
following three phenomena:

- the flow in a complex system constituted by fthe juxiaposition of a
highly viscous tar layer with oiher fluids of normal viscosity.
- the effect of temperature in such a system.

- and the effect of solvent.

Most enhanced oil recoverv processes are based on the displacement of
one fluid by another. if the displacing fluid is less viscous than the displaced
one, viscous fingering develops. Thus., viscous fingering phenomenon is
expected to be the most common feature occurring in any EOR method for tar
displacement. This is the case when the fluid is injected within or below the

tar zone.

In this chapter, a model which describes the behavior of tarmat reser-
voirs in response to various EOR methods is proposed. The model will

describe first the behavior of a tarmat reservoir when cold-water flooding is



176

applied. It will be expanded after to account for the effects of temperature,

solvent slug size, injection mode, and injection rate.

7.2 COLD-WATER FLOODING

Cold-water flooding is the most common and well-established technique
for oil recovery. Therefore, it was tested as a basic recovery technique for
tarmat reservoirs. in this case. the driving fluid is more mobile than the driv- -
en fluid (tar). Right after the beginning of injection. water attempts to invade
the tar zone. Due to the extremely large tar viscosity, the pressure at the inlet
builds up rapidly with no significant flow of tar-or-0il achieved. During this
very early stage, the bulk of the water injected serves o compress the ler

only.

The highly adverse mobility ratio between tar and brine leads to initiation
of water fingers at the tar-water interface. The unstable nature of the displace-
ment causes these fingers to propagale and grow through the tar zone (Per-
kins, et al., 1969, and Vossoughi, et al. | 1982). Although several models
have been proposed to describe viscous fingering during immiscible dis-
placement in porous media, (Perkins and Johnston. 1969. Peter and Flock.
1981}, no model has gained acceptance as a tool for displacement perform-
ance when viscous fingering occurs. Thus. the displacement front cannot be
stabilized as required by Buckley & Leverett model at extremely high mobility

ratios.
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It is expected that the growth of water fingers through the tar zone coin-
cides with the initial period of pressure build up in the tar zone. The fingers
developed in the tar zone are relatively larger in size in the vicinity of the
water-tar interface and their size gradually decreases toward the tar-ail inter-
face. Thus, a gradual decrease in the water saturation in the tar zone is
expected towards the producing end. Such a saluration profile was ohserved
by many investigators (Van Meurs, 1957, and Peters and Flock, 1981). Then.
once the water breaks through the tar zone, there is no significant growth in
the size of fingers due to the high viscosity of tar (Abu-Khamsin, et al., 1993).
Consequently, the pressure declines gradually uniil it reaches a steady-state
level. However, it is expected that the pressure (steady state) will remain at
a relatively higher level due to restricted movement of water through narrow

paths developed by water fingers.

When water breaks through the tar zone, water fingers enter the oil zone
and tend to disperse as they move through the core and deleriorate into a
zone of graded saturation. This may be attributed to the capillary forces
which may oppose the development of these fingers and dampen their propa-
gation in a strong water wet porous medium (Berea sandsfone). Such behav-
ior will result in increasing water saturation in the direction of low. A similar
behavior was aiso observed by Perkin and Johnston, 1969. However, this sat-
uration distribution is contrary to what is usually observed in a regular water-

oil displacement test, i.e., saturation decreases in the direction of flow.
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Once water breaks through the oil zone. the injected waler will be con-
fined to the areas contacted by the original viscous fingers and thereby pre-
vented from invading new areas of the core. Figure 7.1 shows the expected
patterns of fingers distribution in a tarmat reservoir moadel applying cold-

water flooding.

The viscous fingering and channeling phenomena will result in decreas-
ing the macroscopic displacement efficiency. This is due to high oil satura-
tions remaining in the the regions bypassed by the displacing brine. This will
lead to a relatively low hydrocarbon recovery. The trapped oil in the area
bypassed by the water fingers will not be produced even when large amount
of water is injected. This is due to the capillary forces and slrong water wet-

ness of Berea sandstone which oppose the drainage of water.

The displacement results of cold-water flooding {Runjt 1), presented in
Table 6.1, conform to the propased model. Figure 6.1 and Table G.1 show a
relatively low hydrocarbon recovery (40 % THPV) as a result of viscous fin-

gers and channeling.

Figure 6.17 shows the pressure behavior during cold-water flooding. This
figure indicates a build up in pressure during the first period of injection.
Then, the pressure declines gradually after water hreaks through the tar
zone. Also, the steady-state pressure level is maintained at high value. Fur-
thermore, the results presented in Tables 6.16 and D-1 (Appendix-D) indicate
a water saturation increase in the il sone in the direction of flow as

described by the model.
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7.3 HOT-WATER FLOODING

When hot-water flooding is applied 1o the tarmat model, viscous fingering
and heat input become the most important faclors affecting the behavior of
the system. The minute the hot water injection starts, the tar interface con-
tacted by hot water will be heated up as a result of heat transfer. Thus, the
tar viscosity in a small interval at the inlet will be reduced. Yet. the bulk of
the tar will be too viscous to move and the inlet pressure builds up in a fash-
ion similar to cold-water flooding. Also. viscous fingers are initiated at the

inlet to the tar zone.

Before initiation of the fingers at low injection rate. the heat loss is impor-
tant and the temperature does not depart from the initia! temperature. Thus at
the tips of the water fingers, the tar mobility is that of the unheated tar. It is
obvious that the water in the smallest fingers will be conled more rapidiy
than that in the larger fingers. The longer fingers will continue to push
against the cold tar while the smallest fingers will expand against the
reduced resistance of the heated tar alongside. Therefore. the fingers may
undergo significant growth in size. In essence, the bulk water saturation in

the tar zone will be larger compared to cold water displacement.

When hot water enters the oil zone. the viscous fingers will begin dispers-
ing into a small set of channeis which will form a graded saturation zone that
leads to a quite stable displacement (Perkins, el al . 1969). Moreover, contin-
uous injection of hot water reduces both tar and oil viscosities and hence the

displacement efficiency and recovery are enhanced. After water breaks
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through the oil zone, oil production is mainly due to the growth in the flow

direction of the fingers already formed.

The recovery improvement from a tarmat reservoir due to hot-water

flooding over cold-water flooding can be attributed to the following effects of

temperature:

1-

Tar and oil mobilities are improved as a result of reduction of their
viscosities at higher temperature. Referring to Table 5.8 and Fig-
ures 5.13 and 5.14, it can be stated that both tar and oil viscosities
decrease as the temperature increases. Tar viscasity is reduced
faster than that of oil at higher temperature as shown in Table 5.8.

Thus, decreasing the oleic phase viscosily would affect the mobility

. . Krw He - .
ratio defined as H=———_ Generally, the tar and oil viscosities
Kro Hy

are reduced faster than water viscosily as the temperature increas-
es (Table 5.8). Hence, the reduction in viscosity ratios will result in
enhancing the mobility ratio between (ar and brine as well as
between oil and brine. Consequently. it increases ojl displacement
efficiency and recovery.

The increase in temperature causes a decrease in the interfacial
tension between tar and brine as well as between oil (kerosene)
and brine as illustrated in Table 5.12 and Figure 5.18. Such a

decrease in IFT will reduce the effect of capillary forces which

results in decreasing the residual oil saturation.
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3- The fingers size and density increase as the temperature increases
due to the tar and oil viscosily decrease. This will result in
increasing the swept area and hence enhancing the recovery. In
addition, more oil will be displaced as a result of tar movement
into the oil zone.

4- Finally, the temperature has a favorable effect on relative perme-
abilities to oil and water. Referring to section 5.5, it can be stated
that the temperature increase shifted the relative permeability
curves in the direction of increasing water wetness. Also, the irre-
ducible water saturation increased from 28.6 % at 25 "C to 36.7 %
at 100 °c. This may be altributed to the decrease in IFT between
oleic phase and aqueous phase which is ecuivalent to a decrease

in capillary forces at high temperatures.

The high viscosity ratio between tar and hot water always leads to unsta-
ble displacement and viscous fingering: and more so at higher injection
rates. In the case of higher irjection rates. viscous fingers will propagate
faster through the tar zone and hence lead to earlier water breakthrough.
Consequently, this will result in lower recovery. On the other hand. the large
amount of heat carried by a high injection rate will reduce both viscosities of
tar and oil and decreases the resistance io flow. Hence. the pressure drop is

expected to decrease at higher rales.

Indeed, visual observation of the invaded oil cores hy tar, at the end of

hot-water flooding (Run# 2) confirms the assumption of tar movement into oil
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zone for a longer distance (4.5 cm) than similar movement oblained from
cold-water flooding (2.8 cm). Also, the waler satluration value of the tar core
for hot-water flooding was higher (14.74 %) than the value obtained for cold-
water flooding (9.04 %). This supports the thinking that the tar was moved for
a longer distance in the oil zone and the increase in size of viscous fingers.
Moreover, the residual oil saturation of oil zone in hot-water flooding was
about 36.25 % while similar saturalion in the case of cold-water flooding was

46.98 %.

The pressure behavior shown in Figure 6.18 indicates a continuous
decrease of pressure gradient with continuous hot water injection due to a
decrease of resistance to flow. Such behavior is different from that obtained
from cold-water flooding (Figure 5.17) which indicales a steady-state pressure
drop with continuous water injection. Moreover. Table 6.13 in addition to Fig-
ures 6.18, 6.21 and 6.22 indicate a decrease in hoth peak pressure (at which
hot water breaks through the tar zone) and breakthrough pressure as the

injection rate increases. This is due to more heat conducted at higher rates.

The hydrocarbon recovery in the case of hot-water flooding was higher
(4991 % THPV) than in the case of cold-water flooding (40 % THPV) as a
resull of the effect of temperature. Furthermore. Table 6.6 indicates a
decrease in hydrocarbon recovery as the injection rate increases due to fast-

er propagation of fingers and earlier water breakthrough as described earlier.
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7.4 HOT-WATER-DRIVEN SOLVENT SLUG

Different solvents (reformate and naphtha) slug sizes driven by hot water
were applied to a tarmat model. In this case. viscous fingers. heat input and
mixing represent the most important factors affecling the behavior of the tar-
mat reservoir. The solvent slug was injected as one pottion and driven by
continuous hot-water flooding (mode 1). As the injection starts, the solvent
slug mixes with tar and results in a reduction of tar viscosity at the interface.
Simultaneously, the pressure starts to build up due to high tar resistance and

movement of fluids through small pores.

The large difference between solvent and tar viscosities leads to a highly
unfavorable mobility ratio. As a result, the solvent front hecomes unstable
and numerous fingers of solvent will develop and penetrate into the tar layer
in an irregular fashion. At the foremost edge of the fingers there is consider-
able mixing betwezn tar and solvent resulting in a positive viscosity gradient
along the length of the solvent finger wilh the viscosity of the mixture at the
tips of the fingers of the same order as the tar viscosily. The developing of a
viscosity gradient may dampen further growth of a finger. However, there is a
possibility of developing smaller fingers from points Along the length of the
finger where the viscosity difference is large. The inilialion of such solvent
fingers in the tar zone leads to considerable mixing of tar and solvent at the

microscopic and macroscopic scales.

Therefore, it is expected that mixing of the solvent slug injected prior to

hot-water flooding leads to the development of a fransition zone of graded
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viscosity. Effectively, this zone acts as a viscosily buffer between hot water
and tar. The presence of such a transition zone is desirable in displacement
at unfavorable mobility ratios (Sancevic, 1961. Slobed and Thomas. 1963).
The length of the transition zone is naturally dependent on the amount of sol-

vent injected.

The driving hot water will flow preferentially through the fingers devel-
oped by solvent in the tar zone. The viscosity of tar in the regions contacted
by hot water will be further reduced due lo heat transfer. Thus. the size of

fingers will increase as a result of heal conduction and mixing.

With small solvent slugs, it is expected that the driving hot water will pen-
etrate the transition zone at several locations and fingers through the rest of
the original tar zone. Hence, hot water will break through the graded viscosi-
ty zone and tar zone while the tar-solvent mixture still exists somewhere
inside the tar zone as shown in Figure 7.2. Once water and solvent break
through the tar zone, the pressure declines gradually. Consequently, water
and solvent fingers will disperse and break down into small dendtritic fingers
which result in quite stable displacement. Some tar mixed with solvent and

heated by ho! water will move into the ail zgne.

The smaller the solvent slug, the shorter the transition 7one and the more
chance for the water to be in contact with oil rapidly. and consequently, the

recovery will be lower.
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On the other hand, a larger solvent slug will cause more dilution of the

tar contacted by solvent. This will lead to more encroachment of tar-solvent
mixture into the oil zone and trapping of some oil inside the pores. Thus,
using a large solvent slug will result in mare mixing and formation of longer
zone with high viscosity. Accordingly, the hot water will penetrate this long
zane in the form of frontal displacement at highly unfavorahle mobility ratio.
Consequently, the diluted mixture driven by hot water will break through the
oil zone and leave large area where lower hydrocarbon recovery is expected

( Figure 7.3).

It should be stated that deposition of some heavy components (asphal-
tene and resins) will occur in some pores of the tar zone and in few pores of
the oil zone contaminated with tar. Such deposition may cause plugging of
some pores and frapping of oil inside especially when large solvent slug
sizes are used. The contamination of oil zone by tar and spreading of tar
over a large distance will increase the resistance to flow. Thus. when the flu-
ids break through the tar zone the pressure gradient declines gradually, but
starts to increase again due to contamination of oil zone by tar and plugging
of some pores with asphaltene. Also. a pressure surge and fluctuation is
expected due fo the change of tar composition as a result of mixing and fluc-
tuation of temperature. The experiments for different slug size in presence of
hot water discussed in chapter VI show that for intermediary slug sizes. the

recovery is higher than both small and large slug sizes.
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The existence of an optimum solvent-slug size for which the recovery is
maximum when solvent is combined with hot water to displace oil in a tarmat

system may be due to the following mechanisms:
(1) Mixing of fluids

Referring to Tables A-10, A-11, and A-12, (Appendix-A), and Figures 5.15
5.16, and 5.17, it can be stated that as the fraction of solvent increases in a
mixture of tar and solvent, the mixture viscosity decreases substantially. For
example, when mixing tar with 10% reformate, the viscosity of tar was
reduced by 90%. Thus, mixing takes place in the pores due to a large differ-
ence between solvent (reformate or naphtha) and tar viscosity. Furthermore.
more mixing between solvent and tar tends to occur due 1o the presence of
flow channels of varying size with frequent junctures hetween channels in a
porous medium. This mixing phenomena will result in the creation of a vis-
cosity transition zone ahead of the hot-waler flow and hence will enhance the

mobility ratio.

Many investigators discussed the mechanisms contributing to the mixing
of miscible fluids (Blackwell, R.J..et.al., 1959, Habermann. B., 1960. and Stalk-
up. F.I., 1984). They stated that the degree of mixing between highly viscous
oil and solvent results from interplay between {he mechanisms of molecular
diffusion and convective dispersion. Molecular diffusion is a result of ran-
dom thermal motion of molecules which leads {0 more mixing in the direction
of flow. Convective dispersion resuits from flow paths caused by rock inho-

mogeneities and permeability heterogeneities.



190

(2) Temperature Effects

The effect of temperature on oil recovery in tarmat reservoirs is very
important. The combined effects of temperature were discussed earlier in

section 1.3.

At higher injection rates, the injected solvent and hot water will break
through earlier than at lower rate. This will lead to lower recovery due to
high oil saturation in the regions bypassed by viscous fingers. At the same
time, more heat will be conducted at higher rates. This will result in a consid-
erable reduction of tar viscosity and hence a decrease in the resistance to
flow. Consequently, the pressure gradient levels hecome lower than similar

ones at lower rate.

Actually, the results listed in Tables 6.2 and 6.3 show that the hydrocar-
bon recovery was higher for medium (optimum) slug and lower for small or
large slug sizes. In addition, water breakthrough oczcurs earlier in the case of
large slug sizes than small or medium sizes. Visual observation indicates that
water breaks through the oil zone before the production of tar-solvent mixture
for small or medium solvent slug sizes. On the other hand. a breakthrough of
tar-solvent mixture was ohserved before production of water when large sol-
vent slug sizes were used. These resulis and observations confirm the idea
proposed by the model for large and small or medium slugs. Table 6.7 and
Figure 6.10 indicate that the hydrocarhon recovery decreases as the injection

rate increases due to faster propagaticn of fingers and earlier breakthrough.
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Figures 6.19 and 6.20 show a typical pressure behavior when hot water
was used fo drive reformate and naphtha slugs respeclively. These figures
indicate a build up in pressure immedialely after slarling injection until the
pressure reaches the peak value. Then, after water breaks through the tar
zone, the pressure declines gradually. After that. the pressure starts io
increase again as described by the model due to contamination of oil zone by
tar and plugging of some pores as a result of asphaltene deposition. More-
over, the pressure surge and fluctuation are clearly shown. This is due io the
change of tar composition through the composite core and fluctuation of the
inlet temperature. The results listed in Table 6.13 confirm the decrease of
peak pressure values as the injection rate increases. Table 6.16 indicates that
water saturation in the tar zones in the case of runs using solvent slugs driv-
en by hot water were higher than similar saturation obtained from runs where
only hot or cold water were used. This supports the assumption that fingers
width increases for runs using solvent siug driven by hot water due to mixing

and heat effects.

The alternating injection of small slugs of solvent and hot water was test-
ed. In this case, the solvent was divided into two equal porlions .(mode H). or
four portions, (mode I1), and separated by slugs of hot water. It is believed
that such alternating injection reduces the fingering in miscible displacement.
The first small solvent stug will result in crealing a graded viscosity zone
between tar and hot-water slug. Thus the mobilily ratio belween hot-water
slug and tar is improved. Then, the second small solvent slug has the ability

to invade new areas of the tar zone bypassed by viscous fingers of the first
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slug. Consequently, another graded viscosily zone will he formed by a sec-

ond solvent slug.

Therelore, the mobility ratios are improved as a result of a formation of
successive transition zones. Furthermore, the hot-water slugs between sol-
vent slugs will reduce the tar viscosity for the next solvent slugs which result
in improving the miscibility. Thus, the less viscous fingers initiated in these
modes (I and I11) will delay the deterioration of the mixing zone and hence
the width of fingers will increase more than in the case of mode | This will

result in improving the displacement efficiency and recovery.

It should be mentioned that the recovery with reformate is always higher
than the recovery with naphtha. This may be due (o the fact that the viscosity
and density of reformate are lower than those of naphtha. Also, the compaosi-

tions of each one of this solvent itself may have an effect on recovery.

It is expected that the pressure gradient level will be iess and more sta-
ble in the case of alternating injection of small slugs of solvent and hot water
than mode 1. This may be due to dispersion of water fingers and a dissipation
into small dendtritic fingers when they enlter the oil zone. Moreover, the for-
mation of successive graded viscosily zones may support the pressure stabi-
lization. Also, less contamination of oil zone by tar will enhance the stabiliza-

tion of pressure gradient.

Tables 6.8 and 6.9 indicate that hydrocarbon recovery using reformate

and naphtha are higher for modes Il and 1l than similar ones obtained from
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mode |. This confirms the enhancement of displacement efficiency for runs
conducted with alternating injection of small slugs of solvent and hot water.
Moreover, water saturation of tar zones, for runs conducted with modes |i
and Il, are higher than similar ones obtained from runs conducted with mode
I. Hence, this is an indication of an increase of fingers size as a result of mix-
ing and heat effects. On the other hand. higher injection rates cause earlier
breakthrough and hence a decrease in hydrocarbon recovery. Tables 6.10

and 6.11 confirm the decrease of recovery at higher injection rates.

Figures 6.24 and C.14 (Appendix-C) are typical examples of pressure
behavior applying mode Ili for reformate and naphtha respeclively. These
figures indicate quite stabilized pressure levels especially after hot water

breaks through the tar zone as described by the model.

To investigate the pressure behavior in the absence of a tar zone. con-
ventional hot and cold-water flooding runs were conducted. After starting
injeclion, a rapid increase in the pressure gradient level with no pressure
peak occured. According to the model, the pressure gradient values are
expected to be much less than those encountered with lar zone. The pressure
gradient trend is expected 1o decrease with continuaus hot or cold water
injection due to a decreasing resistance to flow Since lhe mobility ratio
between oil ahead of the displacement front and hot or cold water is much
better than a similar one in the case of the presence ol a tar layer, small vis-
cous fingers, if initiated, will dampen out before travelling very far. The damp-

ening mechanism is believed to occur duc to movement of two phases in a
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direction transverse to the direction of gross flow (Perkins, 1969). Thus. the

displacement will be quite stable leading to a higher recovery.

At higher injection rates, the pressure gradient levels are expected to
increase as dictated by Darcy’s law. This behavior is contrary to the pres-
sure behavior for runs with a tar layer in which the pressure gradient value
levels decrease at higher rates. This is due to the fact that the tar viscosity is
reduced faster than the light oil viscosity. Thus. al higher injection rates,
large amounts of heat will be introduced inlo the tar zone and hence the
resistance to flow will be reduced sharply and results in a lower pressure

drop.

Figures 6.29 through 6.31 indicate the pressure behavior of runs conduct-
ed in the absence of tar zone. These figures show a rapid increase in the
pressure gradient until it reaches steady-state level without a peak. Also, they
show a decrease in pressure drop with continuous water injection due to a
decreasing resistance to flow. Moreover. Tables 6.4 and 6.5 indicate that the
pressure drop increases as the injection rate increases as slaled by Darcy’s

law.

The previous results and discusssion reveal that viscous fingering phe-
nomenon is the most common feature in any EOR method for tar displace-
ment. The fingers size and densily are larger in the case of hot-water flooding
than cold-water flooding. This leads to improvement in recovery. Further-
more, the fingers size will increase more when the optimum solvent slug is

injected ahead of hot water due to mixing and heat conduction. Thus, higher
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recovery is expected as a resull of using salvent and hot-water flooding. In
addition, the severity of fingers is reduced in the case of alternating injection
of small slugs of solvent and hot water due to improvement in mobility ratios.
This will result in enhancing the displacement efficiency and recovery over
the case of injection of solvent slug as one portion driven by hot water. At
higher injection rates, viscous fingers will propagate faster and lead to earlier

brakthrough. Consequently, this will result in lower recovery.



Chapter Vil
SUMMARY, CONCLUSIONS, AND
RECOMMENDATIONS

8.1 SUMMARY

The abjective of this research was to investigate the hydrocarbon recov-
ery from tarmat reservoirs using hot water and solvent flonding. Displace-
ment runs were conducted on one-foot long Berea sandstone composite
cores. The average porosity and permeability of the cores were 23 7 and 300
millidarcy. The tar and oil viscosilies were 10.000 and 1.39 ¢p., respectively,
at room temperature. The aqueous phase used was analytical grade water

with 1 % KCL.

The first phase of the investigation involved the datermination of the most
suitable solvents for dissolving tar. Hence, solubility tests were conducled
on many solvents to select the appropriale ones. Reformate and naphtha
were found to be the most suitable solvents because they gave the lowest
percentage of precipitated residue. Consequently. studies were made on the
variations of viscosity and density with temperature and percentage of added
solvents to tar for the determination of the rheology of tar and it's mixtures.
From the test results, the Newtonian behavior of the used tar and its mixtures

became evident. The tar viscosity reduces dramatically as temperature and/

- 196 -
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or solvent concentration increases. Addilionally, the effect of lemperature on
the interfacial tension between tar and brine as well as between tar/solvent
mixtures and brine was investigated. It was found that IFT belween tar or tar-

solvent mixtures or oil and brine decreases as the temperature increases.

The second phase of this work, was directed al studying the effect of
temperature on relative permeability. The oleic phase consisted of 40
reformate/60 % tar mixture while the aqueous phase was represented by
water with 1 % KCL. The results showed that the relative permeability to oil
increased as the temperature increased at any given saturation. The water-oil
relative permeability ratio decreased and shifted toward a higher water satu-
ration at a higher temperature. The change in relative permeability to water
was not significant. Moreover, the residual oil saturation flecreased while

irreducible water saturation increased at higher temperature.

The third phase of the study involved an investigation of the effect of sol-
vent slug size, type of solvent, and injection rate on hydracarbon recovery,
The observed fluid production histories were used for evaluating the pro-
posed recovery mechanisms. It was found that solvent slug(s) injected ahead
of hot water flooding improved hydrocarbon recovery as compared to a
straight hot water floading. The solvent, in view of the prevailing adverse
mobility ratio, mixes with tar and heips to lower its viscosily leading to an
improvement in the mobility ratio, and hence an improvement in the displace-
ment efficiency. For each solvent studied. there was an optimum slug size

which maximized the recovery. The hydrocarbon recovery was also found to
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vary with injection rate. A higher injection rate caused a decrease in lhe

recovery.

Different displacemenl modes were tested to investigate their effect on
recovery. In the first injection mode, the solvent slug was injected as ane por-
tion ahead of hot water flooding. In the second mode. solvent slug was divid-
ed into two equal portions and separated by a slug of hot water (50 % of tar
zone pore volume) and then followed by continuous hot waler floading. In the
third mode, the slug was split into four equal portions and each portion was
separated from the other by a slug of hot waler (28 % tar zone pore volume)
and then continuous hot water floading. All slugs were of the optimum size,
The results showed that injection o small elternating slugs of solvent and hot
water (modes Il and 1ll) gave higher recoveries than injecting the slug as one

portion (mode ).

8.2 CONCLUSIONS

The following conclusions have heen made-
1. The oil recovery with hol-water flooding is substantially larger than
that with cold-water floacing.
2. Reformate and naphtha are suitable sulvents for tar dissolution
and dispersion.
3. The injection of solvenl stug(s} followed by hot-water flooding dis-
perses the tar layer and establishes communicalicn between oil

zone and water zone.
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Higher hydrocarbon recoveries are obtaincd with combined hot
water and solvent flooding than with hot water alone.
For each type of solvent, there is an optimum slug size which max-
imizes the hydrocarbon recovery. Larger and smaller solvent
slugs are less effective than the optimum slug.
Displacement results show that although the oil recovery from hot-
water flooding is lower than cold-water flooding in the absence of
tar, the gain in recovery from hot-water flooding is substantial in
the presence of tarmat.
Hydrocarbon recovery increases as the injection rate decreases for
all displacement schemes. In general. higher recoveries are
obtained from the combined injection of solvent slugs and hot
water than with injection of hot water alone.
The injection of smail alternating slugs of solvent and hot water
results in higher recovery than the injection of solvent slug as one
portion followed by hot-water flooding.
The displacement pressure gradient decreases as the injection rate

is increased in hot-water flooding.

10. Peak pressure required for farmat breakdown using solvent slug(s)

1.

and hot-water flooding is less than that required when flooding
with cold water.
Both injection modes H and HI result in a lower pressure gradient

than mode | at low injection rates.
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12. Water and oil relative permeabilities were abtained experimentally

at elevated temperatures. The results show that as the temperature
increases, the irreducible water saturation increases, the residual
oil saturation decreases, and the relative permeability to  oil
increases at any given saturation. Mareover. the water/oil relative
permeability ratio decreases and shifts toward higher water satura-

tion. The change in relative permeability to water is not significant.

8.3 RECOMMENDATIONS

The following recommendations are suggested for further research work

to be conducted on tarmat reservoirs applying thermal-miscible method.

1.

Investigation of recovery from tarmat reservoirs using radial flow
model of consolidated rock matrix of limestone or sandstone (4 or
6 inches in diameter).

Studying the effect of viscosity of natural tar in addition to tar thick-
ness on the recovery using radial flow model.

Analysis of the effluent productions to determine fhe percentage of
components in the effluent (oil. tar. solvent, and possibly water).
Investigation of recovery under reservoir conditions of temperature
and pressure.

Feasibility study of employing thermal-miscible technique.
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Table A.16: Experimental Data for Runitt 33.

Uw=0.975 cp Uo=12.8 cp DPI=72 psi

QWI=72 cc/hr Swc=0.286 VP= 10.648 cc

T=25 E
WI Np Dp Qw
cc cc psi cc/hr
3.39 .24 T4 68
4.34 .34 68 65
5.27 .44 67.5 63
6.19 .54 66.5 60
7.21 .59 66.5 60
8.23 .64 66 60
9.26 .68 66 60
10.30 .72 66 60
11.35 .75 66 60
12.4 .78 66 6n
13.46 .80 66 60
14.49 .82 66 G0
15.53 .84 66 60
16.59 .86 66 60
17.66 .87 66 60
18.66 .87 66 60
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Table A.17: Experimental Data for Run# 34,

Uw=0.63 cp Uo=4.84 cp DPI=18 psi

QWI=70 cc/hr Swe=0.327 VP= 11.482 cc

T=60 ¢
WI Np DP Qw
cc cc psi cc/hr
3.40 3.26 14.4 68
4.20 3.41 4.4 63
5.10 3.57 14.3 61
6.00 3.69 LU 60
7.00 3.77 13.9 60
8.02 3.84 13.8 60
9.03 3.90 13.6 GO0
10.03 3.95 13.3 60
11.05 3.99 13.1 60
12.05 4.03 13.0 60
13.06 4.07 12.9 60
14.07 4.12 12.8 60
15.07 4.13 12.7 G0
16.09 4.16 12.6 60
17.10 4.18 12.4 60
18.10 4.20 12.3 G0
19.1 4.2 12.1 G0




Table A.18: Experimental Data for Run# 35,

Uw=0.56 cp Uo=3.27 cp DPI=15.8 psi

QWI=66 cc/hx Swc=0.343 VP= 11.12 cc

T=80 €
WI Np DP Qw
cc cc psi cc/hr
3.51 3.38 15.8 70
4.1 3.68 16.3 62
5.01 3.88 16.6 60
6.01 4.08 16.7 60
7.02 4.15 16.6 60
8.03 4.21 16.4 60
9.05 4.26 16.3 60
10.06 4.31 16.0 60
11.06 4.35 15.9 60
12.06 4.39 15.8 60
13.07 4.43 15.7 60
14.07 4.45 15.6 60
15.07 4.47 15.4 60
16.09 4.49 15.4 60
17.09 4.51 15.3 60
18.09 4.52 5.2 60
i9.09 4.52 15.1 60
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Table A.19: Experimental Data for Run# 36.

Uw=0.54 cp Uo=2.50 cp DPI=32.5 psi
QWI=72 cc/hr Swc=0.367 10.897 cc
T=100 &
WI Np bp Qw
cc cc psi ce/hr
3.52 3.40 33.5 70
4.13 3.80 35.0 62
5.03 4.00 35.0 60
6.03 4.20 35.0 60
7.04 4.30 34.5 60
8.06 4.40 34.5 q]
9.06 4.45 34.5 60
10.07 4.48 34.0 60
11.09 4.52 34.0 60
12.10 4.56 34.0 60
13.10 4.59 33.0 60
14.10 4.60 33.0 60
15.11 4.61 33.0 60
16.13 4.62 32.5 60
17.14 4.63 32.5 60
18.14 4.64 32.0 60
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Table A.20: Water/0il Relative Permeability Data
for Run 33, T=25 C.
Sw Kro Krw Fw Krw/Kro
0.2860 1.0000 0.56000 0.0000
0.5370 0.2588 0.1008 0.836n8 0.3894
0.5539 0.1805 0.1045 0.8837 0.5786
0.5665 0.1353 0.1063 0.9116 0.7856
0.5763 0.1061 0.1074 0.9200 1.0117
0.5852 0.0839 0.1080 0.9441 1.2877
0.5925 0.0682 0.1084 0.9543 1.5909
0.5988 0.0564 0.1087 0.9620 1.9260
0.6042 0.0474 0.1089 0.9679 2.2952
0.6090 0.0403 | 0.1089 0.9726 2.7010
0.6132 0.0347 0.1090 0.9763 3.1422
0.6169 0.0301 0.1090 0.9794 3.6257
0.6202 0.0264 0.10M 0.9819 h.1347
0.6231 0.0233 0.1091 0.9840 4.6908
0.6259 0.0206 0.1091 0.9858 5.3045
0.6284 0.0183 0.1091 0.9874 5.9759
0.6306 0.0164 0.1091 0.9887 6.6546
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Table A.21: Waters/0il Relative Permeabiliky Data

for Run# 34, T=60 ©.

Sw Kro Krw Fw Krw/Kro
0.3270 1.0000 $.0000 0.0000

0.5477 0.3299 0.1392 0.7642 0.4219
0.5679 0.2257 0.1374 0.8238 0.6087
0.5854 0.1603 0.1349 0.8661 0.8416
0.5993 0.1208 0.1327 0.8941 1.0986
0.6118 0.0926 0.13048 0.9156 1.4127
0.6223 0.0733 0.1295% 0.9313 1.7652
0.6311 0.0599 0.1285 0.9428 2.1473
0.6386 0.0500 0.1279 0.9516 2.5595
0.6452 0.0423 0.1276 0.9586 3.0166
0.6510 0.0364 0.127% 0.9642 3.5026
0.6561 0.0316 0.1276 0.9687 h.0301
0.6607 0.0277 0.1278 0.9725 t.6089
0.6648 0.0245 0.1282 0.9757 5.2239
0.6687 0.0218 0.1286 0.9784 5.9015
0.6721 0.0195 0.1291 0.9807 6.6264
0.6752 0.0175 0.1297 0.9827 7.4014
0.6781 0.0158 0.1304 0.9844 8.2381

231



Table A.22: Water/0il Relative Permeability Data

for Run# 35, T=80 C.

Sw Kro Krw Fw Krw/Kro
0.3430 1.0000 0.3000 0.0000

0.5457 0.4729 0.1549 0.6567 0.3276
0.5719 0.3287 0.1550 0.7335 0.4715
0.6026 0.2090 0.1515 0.8089 0.7251
0.6286 0.1376 0.1469 0.8618 1.0682
0.6492 0.0957 0.1429 0.8971 1.4935
0.6658 0.0692 0.°396 0.9217 2.0168
0.6796 0.0513 0.1370 0.9398 2.6716
0.6910 0.0388 0.1350 0.9531 3.1829
0.7007 0.0297 0.1336 0.9633 h.5004
0.7091 0.0228 0.1325 0.9714 5.8129
0.7164 0.0174 0.1317 0.9779 7.5710
0.7228 0.0132 0.1312 0.9831 9.9642
0.7284 0.0098 0.4309 0.9871 13.4192
0.7335 0.0069 0.1308 0.9910 18.9283
0.7379 0.0046 0.1308 0.9940 28.14191
0.7419 0.0027 0.1310 0.9965 49.2846
0.7455 0.0010 0.1313 0.9987 129.7938

w
N



Table A.23: Water/0il Relative Per

for Run# 36, T=100 ©.

meability Data

Sw Kro Krw Fw Krw/Kro
0.3670 1.0600 G.0000 0.0000

0.5527 0.5060 6.1514 0.5807 0.2992
0.5874 0.3471 0.1594 0.6802 0.1593
0.6271 0.2174 0.1621 0.7754 0.7456
0.6605 0.1400 0.1609 0.8418 1.1492
0.6869 0.0947 0.1586 0.88c8 1.6755
0.7081 0.0659 0.1563 0.9165 2.3717
0.7251 0.0470 0.1544 0.9383 3.2824
0.7394 0.0336 0.1528 0.9546 h.5n02
0.7516 0.0238 0.1515 0.9672 6.3756
0.7620 0.0164 0.1506 0.9769 9.1547
0.7708 0.0109 0.1499 0.9846 13.7964
0.7784 0.0065 0.1495% 0.9907 23.0998
0.7852 0.0029 0.1492 0.9958 51.1301
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Figure A.2: Tar/naphtha mixture density vs. naphtha
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Appendix B
Experimental Data and Results for Flood
Runs

in this appendix, the experimental data and results are presented. The
abbreviations used in the tables are as follows:

Np = cumulative hydracarbon produced, cc

Wp = cumulative water produced, cc
Wi = cumulative water injected, cc

= (Np + Wp).cc
THPV = total hydrocarbon pore volume, cc
Qiw = water injected in total hydrocarbon pore volumes

Wi
THPV

Fw = water cut

AwWp
AWp + ANp
Rt = cumulative hydrocarbon recovery, %(THPV)

= _Np_
rapy * 190

P = Inlet pressure, psi

T = Inlet temperature,OC

-240 -



Tahle B.1 : Raw and Computed Results for Run # 1
(Cold Water With Tar, No Solvent, Q=1 cc/min}).

Time Np wp Wi Qiw FW Rt P T
min cc cc cc THPV FLTHPV) Psi %
1 0.00 0.00 0.00 0.00 0.00 0.00 1 20
2 0.00 0.00 0.00 0.00 0.00 0.00 19 20
3 0.00 0.00 0.00 0.00 0.00 0.00 25 20
4 0.00 0.00 0.00 0.00 0.00 0.00 31 20
5 0.00 0.00 0.00 0.00 0.00 0.00 32 20
6 0.00 0.00 0.00 0.00 0.00 0.00 73 20
7 0.00 0.00 0.00 0.00 0.00 0.00 128 20
8 0.00 0.00 0.00 0.00 0.00 0.00 225 20
9 0.10 0.00 0.10 0.00 0.00 0.33 375 20
10 0.20 0.00 0.20 0.01 0.00 0.67 510 20
11 0.4Q 0.00 0.40 0.01 0.00 1.34 575 20
12 1.10 0.00 1.10 0.04 0.00 3.67 6ho 20
13 2.10 0.00 2.10 0.07 0.00 7.01 685 20
14 3.30 0.00- 3.30 0.11 0.00 11.02 710 20
15 .50 0.0C 4.50 0.15 0.00 15.03 720 20
16 5.80 0.0¢C 5.80 0.19 0.00 19.37 725 20
17 7.1 0.0¢ 7.10 0.24 0.00 23.72 718 20
18 8.30 0.00 8.30 0.28 0.00 27.7 700 20
19 9.50 0.0¢ 92.50 0.32 0.00 31.73 685 20
20 10.50 0.0C 10.50 0.35 0.00 35.07 670 20
21 11.30 0.00 11.30 0.38 0.00 37.75 660 20
22 12.00 0.40 12.40 0.41 0.36 40.09 610 20
23 12.00 1.50 13.50 0.45 1.00 50.09 632 20
24 12.00 2.70 14.70 0.49 1.00 h0.09 628 20
25 12.00 4.10 16.10 0.54 1.00 40.09 615 20
26 12.00 5.30 17.30 0.58 1.00 40.09 610 20
27 12.00 6.40 18.40 0.61 1.00 40.09 612 20
28 12.00 7.60 19.60 0.65 1.00 ho.09 609 " 20
29 12.00 9.00 21.00 0.70 1.00 ho.09 610 20
30 12.00 10.20 22.20 0.74 1.00 40.09 603 20
31 12.00 11.40 23.40 0.78 1.00 h0.09 610 20
32 12.00 12.60 24.60 0.82 1.00 10.09 610 20
33 12.00 13.80 25.80 0.86 1.00 no.o9 608 2
3n 12.00 15.00 27.00 0.90 1.00 40.09 60N 20
35 12.00 16.20 28.20 0.94 1.00 40.09 600 20
36 12.00 17.40 29.40 0.98 1.00 h0.09 608 20
37 12.00 18.50 30.50 1.02 1.00 40.09 608 20
38 12.00 19.60 31.60 1.06 1.00 h0.09 598 20
39 12.00 20.80 32.80 1.10 1.00 ho.09 600 20
22

L 10 12.00 .00 3n.00 1.14 1.00 40.09 609 20




fablte B.1 : Continued.

Time Np Wp Wi Qiw W Rt p T

min cc cc cec THPV %E(TUPY) Psi %
1 12.00 23.20 35.20 1.18 1.00 40.09 612 20
42 12.00 24.40 36.40 1.22 1.00 h0.09 610 20
h3 12.00 25.70 37.70 1.26 1.00 40.09 600 20
uh 12.00 26.90 38.90 1.30 1.00 40.09 610 20
us 12.00 28.00 40.00 1.34 1.00 ho.o9 620 20
U6 12.00 29.10 h1.10 1.37 1.00 40.09 602 20
47 12.00 30.30 h2.30 1.h1 1.00 ho.09 612 20
48 12.00 31.50 h3.50 1.45 1.00 h0.09 608 20
u9 12.00 33.30 45.30 1.51 1.00 ho.ng 625 20
50 12.00 34.60 46.60 1.56 1.00 h0.09 623 20
51 12.00 35.90 47.90 1.60 1.00 h0.09 622 20
52 12.00 37.10 49.10 1.6h 1.00 40.09 610 20
53 12.00 38.30 50. 30 1.68 1.00 h0.09 630 20
55 12.00 39.50 51.50 1.72 1.00 Lo.09 627 20
56 12.00 40.70 52.70 1.76 1.00 u0.09 638 20
57 12.00 42.00 54.00 1.80 1.00 0.09 635 20
58 12.00 43.20 55.20 1.84 1.00 40.09 638 20
59 12.00 Ly 40 56.40 1.88 1.00 b40.09 636 20
60 12.00 45.60 57.60 1.92 1.00 40.09 638 20
61 12.00 L6.60 58.60 1.96 1.00 h0.09 650 20
62 12.00 u7.70 59.70 1.99 1.00 h0.09 630 20
63 12.00 48.70 60.70 2.03 1.00 40.09 620 20
64 12.00 49.90 61.90 2.07 1.00 40.09 630 20
65 12.00 51.10 63.10 2.11 1.00 40.09 632 20
66 12.00 52.30 64,30 2.15 1.00 40.09 643 20
67 12.00 53.40 65.40 2.18 1.00 10.09 660 20
68 12.00 54.50 66.50 2.22 1.00 h0.09 652 20
69 12.00 55.70 67.70 2.26 1.00 h0.09 632 20
70 12.00 56.90 68.90 2.30 1.00 h0.09 Gluo 20
7 12.00 58.00 70.00 2.34 1.00 h0.09 667 20
72 12.00 59.00 71.00 2.37 1.00 ho.09 665 20
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Table B.2 : Raw and Computed Results for Run # 2
(Hot Water With Tar, No Solvent, Q=1 ce/min).,
Time Np . Wp Wi Qiw FwW Rt r i
min ce ce cc THPY %(THPY) Psi T
1 0.00 0.00 0.00 0.00 0.00 0.00 21 g2
2 0.00 0.00 0.00 0.00 0.00 0.00 270 89
3 G.00 0.00 0.00 0.00 0.00 0.Cc0 340 S0
y 0.00 0.00 0.00 0.00 0.00 0.00 470 88
5 0.00 0.00 0.00 0.00 0.00 0.00 630 92
6 0.00 0.00 0.00 0.00 0.00 0.00 700 93
7 0.00 0.00 0.00 0.00 0.00 0.00 890 S0
8 0.00 0.00 0.00 0.00 0.00 0.00 1010 89
9 0.30 0.00 0.30 0.01 0.00 0.88 360 89
10 0.80 0.00 0.80 0.02 0.00 2.35 900 87
11 1.70 0.00 1.70 0.05 0.00 h.99 6ho 88
12 2.70 0.00 2.70 0.08 0.00 7.93 630 89
13 4.00 0.00 .00 0.12 0.00 T1.7h 700 91
1 5.30 0.00 5.30 0.16 0.00 15.56 8h0 104
15 6.50 0.00 6.50 0.19 0.00 19.09 890 101
16 7.60 0.00 7.60 0.22 0.00 22.31 890 99
17 8.90 0.00 8.90 0.26 0.00 26.13 900 98
18 10.30 0.00 10.30 0.30 0.00 30.24 910 98
19 11.70 0.00 11.70 9.34 0.00 34.35 900 o8
20 13.10 0.00 13.10 0.38 0.00 38.46 890 96 i
21 14.20 0.00 14.20 0.42 0.0¢ 41.69 880 ou ’
22 15.20 0.00 15.20 0.45 0.00 4. 63 870 93
23 16.00 0.00 16.00 0.47 0.00 b6.98 860 91
24 16.50 0.00 16.50 0.48 0.00 88.45 850 89
25 16.70 0.00 16.70 0.49 0.00 49.03 1200 88
26 16.90 0.50 17.40 0.51 0.71 h9.62 1080 86
27 17.00 2.30 19.30 0.57 0.95 49.91 750 9y
28 17.00 3.30 20.30 0.60 1.00 49.91 750 94
29 17.00 4.30 21.30 0.63 1.00 h9.91 560 108
30 17.00 5.10 22.10 0.65 1.00 ho.91 570 104
' 31 17.00 6.10 23.10 0.68 1.00 h9.91 520 110
32 17.00 7.20 24.20 0.71 1.00 49.91 600 160
33 17.00 8.40 25.40 0.75 1.00 h9.91 690 58
; 3y 17.00 9.80 26.80 0.79 1.00 h9.91 720 96
: 35 17.00 11.10 28.10 0.83 1.00 ho .91 730 U
f 36 17.00 12.50 29.50 0.87 1.00 h9.91 0 92
i 37 17.00 13.90 30.90 0.91 1.00 19.91 740 89
f 38 17.00 15.70 32.70 0.96 1.00 h9.91 730 88
i 39 17.00 17.70 .70 1.02 1.00 49.91 730 &8
;! 40 17.00 19.50 36.50 1.07 1.00 h9.91 880 90




Iahle B.2 : Continued.
Time Np Wp Wi Qiw FW Rt P T
min ce cc cc THPYV %BLTHPV) Psi ?;
bi 17.00 20.80 37.80 .11 1.00 49.91 9ha 88
n2 17.00 21.80 38.80 1.14 1.00 49.91 1050 86
43 17.00 22.80 39.80 1.17 1.00 49.91 800 105
nn 17.00 23.80 40.80 1.20 1.00 49.91 520 110
hs5 17.00 24.30 41.80 1.23 1.00 h9.91 530 26
hé 17.00 26.00 43.00 1.26 1.00 49,91 hgn 95
u7 17.00 27.20 Ly 20 1.30 1.00 h9.91 520 a3
ng 17.00 28.50 45.50 1.34 1.00 h9.91 600 9N
49 17.00 29.70 46.70 1.37 1.00 h9.91 650 88
50 17.00 31.00 48.00 1.41 1.00 h9.91 670 7
51 17.00 32.40 h9. 40 1.45 1.00 49.91 690 88
52 17.00 33.80 50.80 1.49 1.00 49.91 700 90
53 17.00 35.80 52.80 1.55 1.00 h9.91 700 983
55 17.00 37.80 54.80 1.61 1.00 49.91 700 100
56 17.00 39.30 56. 30 1.65 1.00 49.91 770 104
57 17.00 40.50 57.50 1.69 1.00 h9.91 1050 o8
58 17.00 41.50 58.50 1.72 1.00 49.91 980 96
59 17.00 42.50 59.50 1.75 1.00 b49.91 680 105
60 17.00 43.50 60.50 1.78 1.00 h9.91 5h0 92
61 17.00 44,60 61.60 1.81 1.00 h9.91 510 94
62 17.00 u5.60 62.60 1.84 1.00 h9.91 470 sS4
63 17.00 46.90 63.90 1.88 1.00 h49.91 510 92
64 17.00 48.10 65.10 1.91 1.00 u49.91 590 91
65 17.00 49.50 66.50 1.95 1.00 49.91 630 88
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Table B.3 : Raw and Computed Results for Run# 3
{Hot Water With Solvent Slug=5.84 %THPV, Q=1 ce/min) .,

Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPY FLTHPY) Psi %

1 0.00 0.00 0.00 0.00 0.00 0.00 7 79

2 0.00 0.00 0.00 0.00 0.00 0.00 10 108

3 0.00 0.00 0.00 0.00 0.00 0.00 iy 101

L3 0.00 0.00 0.00 0.00 0.00 0.00 ™ 146

5 0.00 0.00 0.00 0.00 0.00 0.00 93 160

6 0.00 0.00 0.00 0.00 0.00 0.00 101 144

7 0.00 0.00 0.00 0.00 0.00 0.00 126 134

8 0.00 0.00 0.00 0.00 0.00 0.00 470 131

9 0.00 0.00 0.00 0.00 0.00 0.00 595 126
10 0.60 0.00 0.60 0.02 0.00 1.83 430 125
11 1.40 0.00 1.40 0.04 0.00 h.26 370 122
12 2.20 0.00 2.20 0.07 0.00 6.69 350 118
13 3.30 0.00 3.30 0.10 0.00 10.04 340 116
14 4.50 0.00 4.50 0.14 0.00 13.69 338 112
15 5.80 0.00 5.80 0.18 0.00 17.65 338 108
16 7.10 0.00 7.10 0.22 0.00 21.60 340 106
17 8.30 0.00 8.30 0.25 0.00 25.25 340 103
18 9.60 0.00 9.60 0.29 0.00 29.21 340 o8
19 10.90 0.00 10.90 0.33 0.00 33.16 338 96
20 12.30 0.00 12.30 0.37 0.00 37.42 540 9
21 13.70 0.00 13.70 0.42 0.00 41.68 330 91
22 14,90 0.00 .90 0.45 0.00 45,33 330 838
23 16.10 0.00 16.10 0.49 0.00 48.98 330 85
24 16. 40 1.00 17.140 0.53 0.77 49.89 350 82
25 16.40 2.40 18.80 0.57 1.00 49.89 352 80
26 16.10 3.80 20.20 0.61 1.00 49.89 450 17
27 16.40 5.40 21.80 0.66 1.00 49.89 430 78
28 16.40 7.00 23.40 0.71 1.00 49,89 365 82
29 16.40 8.50 24.50 0.76 1.00 u9.89 285 122
30 16.70 9.70 26.40 0.80 0.80 50.81 220 131
31 17.10 10.70 27.80 0.85 0.71 52.02 230 126
32 17.10 11.60 28.70 0.87 1.00 52.02 315 124
33 17.10 12.90 30.00 0.91 1.00 52.02 350 124
34 17.30 14.20 31.50 0.96 0.87 52.63 350 124
35 17.30 15.40 32.70 0.99 1.00 52.63 350 121
36 17.30 16.50 33.80 1.03 1.00 52.63 3ns5 118
37 17.30 17.70 35.00 1.06 1.00 52.63 348 116
38 17.30 18.90 36.20 1.10 1.00 52.63 350 114
39 17.30 20.20 37.50 1.14 1.00 52.63 351 112
ho 17.30 21.30 38.60 1.17 1.00 52.63 355 109
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Table B.3 : Continued.

Time Np Wp Wi Qiw W Rt p T

i
min cc ce ce THPY B THPY) Psi c :
%) 17.30 22.50 39.80 1.21 1.00 52.63 355 97
42 17.30 23.70 41.00 1.25 1.00 52.63 360 oK
43 17.30 25.00 12,30 1.29 1.00 52.63 363 92
ns 17.30 26.10 43.40 1.32 1.00 52.63 362 88
5 17.30 27.20 ny.50 1.35 1.00 52.63 380 86
n6  17.30 28.40 45.70 1.39 1.00 52.63 380 By
"7 17.30 29.50 46.80 1.42 1.00 52.63 382 81 |
ng  17.30 30.80 48.10 1.46 1.00 52.63 100 g1
%9 17.30 31.90 49.20 1.50 1.00 52.63 100 83
50 17.50 33.00 50.50 1.54 0.85 53.24 100 gy
51 17.50 34.20 51.70 1.57 1.00 53.24 382 86 .
52 17.50 35.40 52.90 1.61 1.00 53.2n nho 90 ¢
53 17.50 36.60 54.10 1.65 1.00 53.2n B0 90 |
55 17.50 37.90 55.40 1.69 1.00 53.24 100 95 i
55 17.50 39.20 56.70 1.72 1.00 53.24 300 106
56  17.50 40.60 58.10 1.77 1.00 53.24 250 17 f
57  17.50 u2.00 59.50 1.81 1.00 53.24 270 AU
58  17.50 43.30 60.80 1.85 1.00 53.24 380 116 |
59  17.50 n4 .60 62.10 1.89 1.00 53.24 370 120
60 17.50 46.00 63.50 1.93 1.00 53.24 370 119 ]
61 17.50 47.30 64.80 1.97 1.00 53.24 378 118
62  17.50 48.50 66.00 2.01 1.00 53.24 375 e !
63  17.50 49.70 67.20 2.04 1.00 53.24 370 14
64 17.50 51.00 68.50 . 2.08 1.00 53.24 370 111
65 17.50 52.40 69.90 2.13 1.00 53.24 375 109
66  17.50 53.60 71.10 2.16 1.00 53.24 380 106
67  17.70 54.90 72.60 2.21 0.87 53.85 385 104
68  17.70 56.30 74.00 2.25 1.00 53.85 390 101
69  18.00 57.40 75.40 2.29 0.79 54.76 380 98
70 18.00 58.60 76.60 2.33 1.00 54.76 390 97
7 18.00 59.80 77.80 2.37 1.00 54.76 388 ou |
72 18.00 61.10 79.10 2.41 1.00 54.76 382 90 !
73 18.00 62.50 80.50 2.45 1.00 54.76 380 88
74 18.00 63.90 81.90 2.49 1.00 SH.76 100 87 :
75 18.00 65.20 83.20 2.53 1.00 54.76 100 sn |
76  18.00 66.40 84 .40 2.57 1.00 54.76 B2 83 |
77 18.00 67.60 85.60 2.60 1.00 54.76 n08 82 |
78 18.00 68.80 86.80 2.64 1.00 50,76 ) 80 |
79 18.00 69.90 87.90 2.67 1.00 54.76 u2s 80
80  18.00 71.10 89.10 2.7 1.00 54.76 uno 80
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Table B.3 : Continued.

Time Np Wp Wi Qiw FwW Rt P T

min ce ce ce THPY %THPY) Psi &

81 18.20 72.20 90.40 2.75 0.85 55.37 1420 81
82  18.35 73.40 91.75 2.79 0.89 55.83 ) 83
83  18.35 74.70 93.05 2.83 1.00 55.83 uho 36
84 18.35 76.00 94.35 2.87 1.00 55.83 ugo 90
85  18.35 77.30 95.65 2.91 1.00 55.83 390 96
86  18.35 78.50 96.85 2.95 1.00 55.83 300 102
87  18.35 79.60 97.95 2.98 1.00 55.83 270 103
88  18.35 80.80 99.15 3.02 1.00 55.83 380 106
89  18.35 82.00 100.35 3.05 1.00 55.83 B1s 110
90  18.35 83.30 101.65 3.09 1.00 55.83 n10 113
91 18.35 8440 102.75 3.13 1.00 55.83 nio 113
92 18.35 85.50 103.85 3.16 1.00 55.83 u1o 113
93 18.60 86.60 105.20 3.20 0.81 56.59 ng 11
94  18.80 87.80 106.60 3.24 0.86 57.20 n2s 109
95  18.80 89.10 107.90 3.28 1.00 57.20 423 106
96  18.80 90.40 109.20 3.32 1.00 57.20 ns 105
97  18.80 91.60 110.40 3.36 1.00 57.20 ni2 103
98 18.80 92.90 111,70 3.40 1.00 57.20 408 103
99  18.80 94.19 112.90 3.43 1.00 57.20 408 100
100 18.80 95.39 114,19 3.47 1.00 57.20 405 87




Table B.4 : Raw and Computed Results for Run# 4

(hot eater with solvent slug=9.45 %THPV, Q=1 cc/min),

243

_—
Time Np Wp Wi Qiw W Rt P T
min ce ce ce THPY %(THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 12 110
2 0.00 0.00 0.00 0.00 0.00 0.00 16 122
3 0.00 0.00 0.00 0.00 0.00 0.00 15 129
y 0.00 0.00 0.00 0.00 0.00 0.00 17 123
5 0.00 0.00 0.00 0.00 0.00 0.00 19 122
6 0.00 0.00 0.00 0.00 0.00 0.00 18 AL
7 0.00 0.00 0.00 0.00 0.00 0.00 21 108
8 0.00 0.00 0.00 0.00 0.00 0.00 39 101
9 0.00 0.00 0.00 0.00 0.00 0.00 100 101
10 0.40 0.00 0.40 0.01 0.00 1.21 148 97
11 1.00 0.00 1.00 0.03 0.00 3.03 285 on
12 1.60 0.00 1.60 0.05 0.00 4.85 270 01
13 2.40 0.00 2.40 0.07 0.00 7.27 290 88
14 3.40 0.00 3.40 0.10 0.00 10.30 315 88
15 4.50 0.00 4.50 0.14 0.00 13.63 358 88
16 5.40 0.00 5.40 0.16 0.00 16.35 385 92
17 6.25 0.00 6.25 0.19 0.00 18.93 365 2% |
18 7.45 0.00 7.45 0.23 0.00 22.56 452 97 !
19 8.75 0.00 8.75 0.26 0.00 26.50 498 07 !
20 10.05 0.00 10.05 0.30 0.00 30.44 540 1y
21 11.35 0.00 11.35 0.34 0.00 34.37 565 115
22 12.55 0.00 12.55 0.38 0.00 38.01 585 118
23 12.85 0.00 13.85 0.42 0.00 41,94 602 119
2y 15.15 0.00 15.15 0.46 0.00 15,88 628 119
25 16.35 0.00 16.35 0.50 0.00 49.52 640 119
26 17.25 0.00 17.25 0.52 0.00 52.24 650 117
27 17.65 0.20 17.85 0.5n 0.33 53.45 670 116
28 17.85 0.10 18.25 0.55 0.50 54.06 672 113
29 17.95 0.70 18.65 0.56 0.75 54.36 675 M
30 18.05 1.80 19.85 0.60 0.92 5h.66 693 108
31 18.05 3.10 21.15 0.64 1.00 54.66 710 105
32 18.05 4.40 22.45 0.68 1.00 50,66 728 102 .
33 18.15 5.50 23.65 0.72 0.92 54,97 732 99 |
3y 18.15 6.80 24.95 0.76 1.00 54.97 725 96 |
35 18.15 8.10 26.25 0.79 1.00 54.97 750 92 §
36 18.15 9.40 27.55 0.83 1.00 54.97 755 89 ,
37 18.30 10.50 28.80 0.87 0.88 55.42 765 86
38 18.30 11.80 30.10 0.91 1.00 55.42 760 8y |
39 18.30 13.00 31.30 0.95 1.00 55.42 763 82 i
40 18.30 14.40 32.70 0.99 1.00 55.42 772 81 !
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fable B.4 : Continued.
Time Np Wp Wi Qiw Fw Rt P T
min cc ce ce THPV 2{THPV) Psi 8 |
!

1 18.40 15.40 33.80 1.02 0.91 55.72 800 82
42 18.40 16.90 35.30 1.07 1.00 55.72 3800 84
3 18.40 18.10 36.50 1.1 1.00 55.72 790 87
iy 18.0h0 19.20 37.60 1.14 1.00 55.72 810 91
45 18.40 20.40 38.80 1.18 1.00 55.72 810 95
b6 18.40 21.70 40.10 1.21 1.00 55.72 770 102
a7 18.40 22.90 h1.30 1.25 1.00 55.72 785 104
48 18.55 24.00 82,55 1.29 0.88 56.18 810 108
49 18.55 25.20 43.75 1.32 1.00 56.18 8140 T
50 18.55 26.60 45.15 1.37 1.00 56.18 832 116
51 18.55 27.90 46.45 1.41 1.00 56.18 810 120
52 18.55 29.20 47.75 1.45 1.00 56.18 3852 121
53 18.55 30.60 49.15 1.49 1.00 56.18 862 122
sS4 18.55 31.90 50.45 1.53 1.00 56.18 850 124
55 18.55 33.40 51.95 1.57 1.00 56.18 860 123
56 18.80 34.30 53.10 1.61 0.78 56.94 860 122
57 18.80 35.70 54.50 1.65 1.00 56.94 860 120
58 18.80 36.80 55.60 1.68 1.00 56.94 860 117
69 18.80 38.20 57.00 1.73 1.00 56.94 840 116
60 18.80 39.40 58.20 1.76 1.00 56.94 885 112
61 18.80 40.80 59.60 1.80 1.00 56.94 860 109
62 18.80 42.20 61.00 1.85 1.00 56.94 890 105
63 18.80 43.40 62.20 1.88 1.00 56.94 855 102
64 18.80 b4, 80 63.60 1.93 1.00 56.94 885 98
65 18.80 45.90 64.70 1.96 1.00 56.94 890 95
66 18.80 47.30 66.10 2.00 1.00 56.94 870 g2
67 18.98 48.40 67.38 2.04 0.86 57.48 890 91
68 18.98 49.70 68.68 2.08 1.00 57.48 890 80
69 18.98 51.10 70.08 2.12 1.00 57.48 915 88
70 18.98 52.40 71.38 2.16 1.00 57.48 918 88
71 18.98 53.80 72.78 2.20 1.00 57.48 910 88
72 18.98 55.10 74.08 2.24 1.00 57.48 922 88
73 18.98 56.50 75.48 2.29 1.00 57.48 925 90
74 19.28 57.80 77.08 2.33 0.81 58.39 930 91
75 19.48 59.00 78.48 2.38 0.86 58.99 950 91
76 19.48 60.40 79.88 2.42 1.00 58.99 9u5 92
77 19.48 61.70 81.18 2.46 1.00 58.99 935 94
78 19.48 63.20 82.68 2.50 1.00 58.99 925 95
79 19.48 64.50 83.98 2.54 1.00 58.99 930 97
80 19.48 65.70 85.18 2.58 1.00 58.99 905 99




Tahle B.4 : Continued.
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Time Np Wp Wi Qiw FwW Rt p T
min cc cc cc THPY % THPV) Psi é
81 19.48 67.00 86.48 2.62 1.00 58.99 890 100
82 19.48 68.20 87.68 2.66 1.00 58.99 892 102
83 19.48 69.50 88.98 2.69 1.00 58.99 870 104
8y 19.48 70.90 90.38 2.74 1.00 58.99 860 104
85 19.48 72.10 91.58 2.77 1.00 58.99 885 105
86 19.48 73.40 92.88 2.81 1.00 58.99 902 104
87 19.48 74.80 9h .28 2.86 1.00 58.99 930 104
88 19.48 76.10 95.58 2.89 1.00 58.99 940 102
89 19.57 77.20 96.77 2.93 0.92 59.27 930 101
90 19.74 78.00 97.7h 2.96 0.82 59.78 950 100
91 19.74 79.40 99. 14 3.00 1.00 59.78 952 98
92 19.74 80.80 100.54 3.04 1.00 59.78 950 98
93 19.74 82.30 102.04 3.09 1.00 59.78 975 97
9l 19.74 83.60 103.34 3.13 1.00 59.78 968 97
95 19. 74 84.70 104, 44 3.16 1.00 59.78 980 97
96 19.74 85.90 105.64 3.20 1.00 59.78 995 97
97 19.74 87.10 106.84 3.24 1.00 59.78 930 938
98 19.74 88.40 108. 14 3.27 1.00 59.78 9h0 98
99 19.74 89.60 109. 34 3.3 1.00 59.78 930 100
100 19.74 90.90 110.64 3.35 1.00 59.78 980 100
101 19.74 92.20 111,94 3.39 1.00 59.78 1000 100
102 19.74 93.70 113.484 3.u4h 1.00 59.78 990 100 !
103 19.74 94.90 114,64 3.47 1.00 59.78 980 101
108 19.74 96.00 115.74 3.51 1.00 59.78 976 101
105 19.84 97.20 117.04 3.54 0.92 60.08 1010 100
106 19.86 98.50 118.36 3.58 0.98 60.15 1000 100
107 19.86 99.70 119.56 3.62 1.00 60.15 1000 98
108 19.86 101.20 121.06 3.67 1.00 60.15 1000 98
109 19.86 102.50 122.36 3.71 1.00 60.15 980 97
110 19.86 103.80 123.66 3.75 1.00 60.15 1000 96
11 19.96 105.30 125.26 3.79 0.9h 60.45 995 96
112 19.96 106.50 126.46 3.83 1.00 60.45 990 an
113 19.96 107.90 127.86 3.87 1.00 60.45 1010 93
i1y 20.16 109.20 129.36 3.92 0.87 61.05 1015 92
115 20.46 110.30 130.76 3.96 0.79 61,96 990 92
116 20.46 111.60 132.06 4.00 1.00 61.96 990 92
117 20.46 112.80 133.26 4.04 1.00 61.96 995 92
118 20.46 14,30 134.76 4.08 1.00 61.96 1030 90
119 20.46 115.60 136.06 h.12 1.00 61.96 920 91
120 20.46 116.80 137.26 4.16 1.00 61.96 1000 91
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Table B.h : Continued.

Time Np Wp Wi Qiw Fw Rt p T
min ce ce ce THPY %(THPY) Psi ¢
121 20.46 118.00 138.146 4.19 1.00 61.96 980 92
122 20.46 119.20 139.66 4.23 1.00 61.96 1020 92
123 20.u6 120.50 140.96 .27 1.00 61.96 1030 92
124  20.u46 122.00 142,46 u.31 1.00 61.96 1040 92
125  20.46 123.20 143.66 4.35 1.00 61.96 1020 9y
126  20.46 123.50 113.96 4.36 1.00 61.96 1005 95
127 20.u46 124.90 5. 36 4.0 1.00 61.96 1020 97
128 20.u46 126.30 146.76 n.uy 1.00 61.96 1020 93
129 20.u46 127.50 147.96 n.ug 1.00 61.96 1050 98
130 20.u46 128.60 149.06 .51 1.00 61.96 1050 99
131 20.46 129.70 150. 16 4.55 1.00 61.96 1040 100
132 20.46 130.80 151.26 .58 1.00 61.96 1020 102
133 20.46 131.80 152.26 4.61 1.00 61.96  10n0 102




N

(&3]
ro

Table B.5 : Raw and Computed Restlts for Rung s
(hot water with solvent slug=13.07 FTHPY, Q=1 ce/min) .,

Time Np Wp Wi Qiw W Rt p T
min ce ce ce THPY %TIHPY) Psi [

1 0.00 0.00 0.00 0.00 0.00 0.00 5 103

2 0.00 0.00 0.00 0.00 0.00 0.00 7 96

3 0.00 0.00 0.00 0.00 0.00 0.00 1 93

] 0.00 0.00 0.00 0.00 0.00 0.00 i 102

5 0.00 0.00 0.00 0.00 0.00 0.00 21 97

6 0.00 0.00 0.00 0.00 0.00 0.00 30 9

7 0.00 0.00 0.00 0.00 0.00 0.00 87 92

8 0.00 0.00 0.00 0.00 0.00 0.00 200 90

9 0.00 0.00 0.00 0.00 0.00 0.00 hno 87
10 0.60 0.00 0.60 0.02 0.00 1.76 500 84
11 1.20 0.00 1.20 0.0h 0.00 3.52 740 82
12 1.90 0.00 1.90 0.06 0.00 5.58 930 80
13 2.90 0.00 2.90 0.09 0.00 8.51 320 S0
14 3.90 0.00 3.90 0.11 0.00 11.45 280 110
15 4,90 0.00 4.90 0.14 0.00 14 .39 285 113
16 6.00 0.00 6.00 0.18 0.00 17.62 385 115
17 7.10 0.00 7.10 0.21 0.00 20.85 455 117
18 8.20 0.00 8.20 0.24 0.00 24.08 500 118
i9 9.30 0.00 9.30 0.27 0.00 27.30 540 116
20 10.40 0.00 10.40 0.31 0.00 30.53 580 115
21 11.60 0.00 11.60 0.34 0.00 34.06 G10 115
22 12.80 0.00 12.80 0.38 0.00 37.58 650 112
23 13.90 0.00 13.90 0.41 0.00 %0.81 680 110
2y 15.20 0.00 15.20 .45 0.00 Wiy 63 705 105
25 16.50 0.00 16.50 0.48 0.00 48.4% 740 102
26 17.70 0.00 17.70 0.52 0.00 51.97 770 102
27 18.20 0.10 18.30 0.54 0.17 53.4n 770 102
28 18.60 0.70 19.30 0.57 0.60 5u.61 305 100
29 18.60 1.80 20.40 0.60 1.00 5h.61 835 S8
30 18.60 3.00 21.60 0.63 1.00 5h.61 870 96
31 18.60 4.30 22.90 0.67 1.00 5h.61 875 9y
32 18.60 5.50 24.10 Q0.7 1.00 5h.61 200 9n
33 18.60 6.90 25.50 0.75 1.00 5h.61 930 89
34 18.60 8.10 26.70 0.78 1.00 54.61 9hon 88
35 18.60 9.40 28.00 0.82 1.00 5h.61 935 87
36 18.60 10.50 29.10 0.85 1.00 5h.61 930 38
37 18. 60 11.50 30.10 0.88 1.00 5h.61 965 89
38 18.60 12.70 31.30 0.92 1.00 5h.61 970 91
39 18.60 13.80 32.40 0.95 1.00 5. 61 940 93
Lo 18.60 15.00 33.60 0.99 1.00 5h.61 995 96




Iable B.5 : Continued.
S
|
Time Np Wp Wi Qiw rw Rt P T ;
. ]
min cc cc cc THPVY R(THPV) Psi f:
ul 18.60 16.20 34.80 1.02 1.00 54.61 1010 98
42 18.60 17.40 36.00 1.06 1.00 54,61 1010 102 |
43 18.60 18.60 37.20 1.09 1.00 54.61 1018 105
uy 18.60 19.90 38.50 1.13 1.00 54.61 1038 107
4s 18.60 21.10 39.70 1.17 1.00 54.61 1010 110
u6 18.60 22.20 40.80 1.20 1.00 5h.61 1062 112 ‘
ny 18.60 23.40 42.00 1.23 1.00 54.61 1060 112
ug 18.60 24.60 33,20 1.27 1.00 54.61 1055 1n
49 18.60 26.00 uy.60 1.31 1.00 54,61 1080 112
50 18.60 27.20 45.80 1.34 1.00 54.61 1080 12
51 18.60 28.60 47.20 1.39 1.00 54,61 1100 1o i
52 18.60 29.80 48.40 1.42 1.00 54,61 1195 111
53 18.60 31.00 49.60 1.46 1.00 54.61 1090 1o
54 18.60 32.30 50.90 1.49 1.00 5h.61 1095 108
55 18.60 33.60 52.20 1.53 1.00 Sh.61 1085 106
56 18.60 33.80 52.40 1.54 1.00 54,61 1090 106 .
57 18.60 35.00 53.60 1.57 1.00 54,61 1100 100
58 18.60 36.20 54.80 1.61 1.00 54.61 1130 103
69 18.60 37.70 56.30 1.65 1.00 54,61 1140 101
60 18.60 38.90 57.50 1.69 1.00 54.61 1100 98
61 18.60 40.10 58.70 1.72 1.00 5h.61 1125 95
62 18.60 41.30 59.90 1.76 1.00 5h.61 1160 92
63 18.60 42.50 61.10 1.79 1.00 54.61 1190 89
64 18.60 43.90 62.50 1.83 1.00 54,61 1145 87 !
65 18.60 45.20 63.80 1.87 1.00 5h.61 1160 86 !
66  18.60 46.50 65.10 1.91 1.00 54.61 1190 85 !
67 18.60 u7.70 66.30 1.95 1.00 54.61 1190 8k !
68 19.60 49.10 68.70 2.02 0.58 57.55 1200 85 .
69 19.70 50.10 69.80 2.05 0.91 $7.8h 1195 86
70 19.75 51.20 70.95 2.08 0.96 57.99 1200 89
71 19.95 52.40 72.35 2.12 0.86 58.57 1210 91
72 19.95 53.40 73.35 2.15 1.00 58.57 1230 9l
73 19.95 54.60 74.55 2.19 1.00 58.57 1220 98
74 19.95 55.70 75.65 2.22 1.00 58.57 1220 102
75 20.25 56.60 76.85 2.26 0.75 59.45 1240 jon
76 20.u5 57.60 78.05 2.29 0.83 60.0n 1200 102 .
77 20.45 58.80 79.25 2.33 1.00 60.0n 1220 106 |
78 20.48 59.90 80.38 2.36 0.97 60.13 1240 108 |
79 20.68 60.90 81.58 2.40 0.83 60.72 1240 108 |
80 20.68 61.90 82.58 2.42 1.00 60.72 1260 108
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Table B.5 : Continued.
Time Np Wp Wi Qiw W Rt P 1
min cc cc cec THPV Z(THPV) Psi %
81 20.68 63.30 83.98 2.47 1.00 60.72 1270 110
82 20.68 64.50 85.18 2.50 1.00 60.72 1280 108
83 20.68 65.70 86.38 2.54 1.00 60.72 1280 108
8y 20.88 66.70 87.58 2.57 0.83 61.30 1285 107
85 20.88 67.90 88.78 2.61 1.00 61.30 1285 106
86 20.88 69.20 90.08 2.64 1.00 61.30 1280 105
87 20.88 70.60 91.48 2.69 1.00 61.30 13480 o4
88 20.88 72.00 92.88 2.73 1.00 61.30 1315 104
89 20.88 73.10 93.98 2.76 1.00 61.30 1300 103
90 20.88 T4.30 95.18 2.79 1.00 61.30 1320 102
91 20.88 75.60 96.48 2.83 1.00 61.30 1335 i
92 20.88 76.90 97.78 2.87 1.00 61.30 1340 101
93 20.88 78.20 99.08 2.91 1.00 61.30 1330 98
94 20.88 79.60 100.48 2.95 1.00 61.30 1320 25
95 20.88 80.70 101.58 2.98 1.00 61.30 1300 g2
96 20.88 82.10 102.98 3.02 1.00 61.30 1300 89
97 20.88 83.20 104.08 3.06 1.00 61.30 1350 86
98 20.88 84.50 105.38 3.09 1.00 61.30 1340 85 |
99 20.88 85.80 106.68 3.13 1.00 61.30 1350 8y
100 20.88 87.00 107.88 3.17 1.00 61.30 1340 84 !
101 20.88 88.30 109.18 3.21 1.00 61.30 1340 85
102 20.88 89.30 110.18 3.23 1.00 61.30 1340 87
103 21.08 90. 30 111.38 3.27 0.83 61.89 1359 89
104 21.28 91.20 112.48 3.30 0.82 62.u8 1345 93
105 21.28 92.40 113.68 3.34 1.00 62.48 1360 95
106 21.28 93.60 114.88 3.37 1.00 62.h8 1320 99
107 21.28 94.90 116.18 3.4 1.00 62.48 1369 o
108 21.28 96.10 117.38 3.45 1.00 62.148 1300 103
109 21.28 97.10 118.38 3.u8 1.00 62.48 1320 106
110 21.28 98.30 119.58 3.51 1.00 62.u48 1385 108 ‘
111 21.28 99. 30 120.58 3.54 1.00 62.h8 115 110 i
112 21.28 100.50 121.78 3.58 1.00 62.h8 1390 112
113 21.28 101,70 122.98 3.61 1.00 62.148 1390 114
11y 21.28 102.90 124.18 3.65 1.00 62.48 1420 114
115 21.28 104.10 125.38 3.68 1.00 62.1438 1400 114
116 21.28 105.70 126.98 3.73 1.00 62.h8 1380 112
117 21.28 106.90 128.18 3.76 1.00 62.48 1hao 110
118 21.28 108.00 129.28 3.80 1.00 62.48 1360 108
119 21.28 109.30 130.58 3.83 1.00 62.48 1380 106
120 21.28 110.60 131.88 3.87 1.00 62.h8 1370 105
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Table B.5 : Continued.
Time Np Wp Wi Qiw W Rt P T
i

min cc cc cc THPYV Z(THPV) Psi E

121 21.28 112.00 133.28 3.91 1.00 62.48 1hQ5 105
122 21.28 113.40 134.68 3.95 1.00 62.1h8 Thho 103
123 21.28 114.60 135.88 3.99 1.00 62.48 1160 102
124 21.28 115.70 136.98 h,.02 1.00 62.48 1380 100
125 21.28 116.90 138.18 §.06 1.00 62.48 1385 97
126 21.28 118.00 139.28 h.09 1.00 62.1h8 1h20 97
127 21.28 119.20 140.48 4.12 1.00 62.u48 1130 au
128 21.43 120.40 141,83 h.16 0.89 62.92 1hén 91
129 21.43 121.60 143.03 .20 1.00 62.92 ih8n 86
130 21.183 122.70 i 13 y.23 1.00 62.92 1400 85
131 21.43 123.70 15,13 .26 1.00 62.92 1500 8h
132 21.43 124.90 146.33 .30 1.00 62.92 1480 83
133 21.43 126.10 147.53 .33 1.00 62.92 1470 83
134 21.43 127.30 148.73 b.37 1.00 62.92 11485 84
135 21.43 128.50 149.93 L. .ho 1.00 62.92 1330 86
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Tabte B.6 : Raw and Computed Results for Run# 6

{hot water with solvent slug=15.52 %THPV, Q=1 cec/min) .

Time Np Wp Wi Qiw FW Rt P T
min ce ce ce THPV %(THPY) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 75 101
2 0.00 0.00 0.00 0.00 .00 0.00 220 100
3 0.00 0.00 0.00 0.00 0.00 0.00 565 96
y 0.00 0.00 0.00 0.00 0.00 0.00 790 93
5 0.00 0.00 0.00 0.00 0.00 0.00 B0 00
5 0.20 0.00 0.20 0.01 0.00 0.60 375 88
7 0.80 0.00 0.80 0.02 0.00 2.41 u25 86
8 1.80 0.00 1.80 0.05 0.00 5.4 535 78
9 3.10 0.00 3.10 0.09 0.00 9.32 545 91
10 4.50 0.00 4.50 0.14 0.00 13.53 585 90
11 5.90 0.00 5.90 0.18 0.00 17.74 600 90
12 7.30 0.00 7.30 0.22 0.00 21.95 640 91
13 8.60 0.00 8.60 0.26 0.00 25.86 660 100
W 10.10 0.00 10.10 0.30 0.00 30.38 690 100
15 11.60 0.00 11.60 0.35 0.00 34.89 725 110
16 13.10 0.00 13.10 0.39 0.00 39.40 755 18
17 14.50 0.00 14.50 0.44 0.00 43.61 780 116
18 16.00 0.00 16.00 0.48 0.00 u8.12 780 M7
19 17.10 0.00 17.10 0.51 6.00 51.43 805 115
20 18.00 0.50 18.50 0.56 0.36 Sh. 14 8ho 113
21 18.00 1.60 19.60 0.59 1.00 54.14 860 112
22 18.25 2.30 20.55 0.62 0.74 54.89 885 110
23 18.65 3.00 21.65 0.65 0.64 56.09 915 108
24 18.65 4.10 22.75 0.68 1.00 56.09 930 106
25  18.75 5.10 23.85 0.72 0.91 56.39 965 104
26  18.77 6.30 25.07 0.75 0.98 56.45 985 101
27 18.87 7.50 26.27 0.79 0.92 56.75 990 90
28 18.87 8.60 27.47 0.83 1.00 56.75 1000 86
29  19.07 9.70 28.77 0.87 0.85 57.35 1020 87
30 19.17 10.80 29.97 0.90 0.92 57.65 1040 87
31 19.32 11.80 31.12 0.94 0.87 58. 11 1050 89
32 19.32 13.00 32.32 0.97 1.00 58.11 1060 92
33 19.32 14.30 33.62 1.01 1.00 58.11 1070 96
3 19.32 15.50 34.82 1.05 1.00 58.11 1080 99
35 19.32 16.70 36.02 1.08 1.00 58.11 1100 103
36 19.32 17.90 37.22 1.12 1.00 58.11 1100 106
37 19.32 19.10 38.42 1.16 1.00 58.11 1105 108
38 19.32 20.40 39.72 1.19 1.00 58.11 1125 110
39 19.32 21.60 50.92 1.23 1.00 58.11 1140 108

4o 19.32 22.90 42.22 1.27 1.00 58.11 1160 108




Table B.6 : Continued.
Time Np Wp Wi Qiw Fu Rt P T
min cc ce cc THPV B(THPV) Psi (c:
N 19.32 28,10 43,42 1.31 1.00 58.11 1180 106
42 19.32 25.30 44,62 1.34 1.00 58. 11 1180 106
u3 19.32 26.50 us.82 1.38 1.00 58.11 1180 104
ul 19.32 27.70 47.02 1.41 1.00 58. 11 1210 102
ns 19.32 28.80 48.12 1.45 1.00 58.11 1220 101
u6 19.32 30.00 49.32 1.48 1.00 58.11 1225 99
u7 19.52 31.00 50.52 1.52 0.83 58.71 1210 96
48 19.82 31.80 51.62 1.55 0.73 59.61 1210 9u
u9 19.92 32.80 52.72 1.59 0.91 59.91 1230 90
50 19.92 34.00 53.92 1.62 1.00 59.91 1220 8u
51 19.92 35.10 55.02 1.65 1.00 59.91 1220 86
52 19.92 36.20 56. 12 1.69 1.00 59.91 1250 90
53 19.92 37.30 57.22 1.72 1.00 59.91 1265 102
54 19.92 38.40 58.32 1.75 1.00 59.91 1280 104
55 19.92 39.70 59.62 1.79 1.00 59.91 1300 100
56 19.92 40.90 60.82 1.83 1.00 59.91 1300 107
57 19.92 42,20 62.12 1.87 1.00 59.91 1300 109
58 19.92 43,30 63.22 1.90 1.00 5¢.91 1260 110
69 19.92 4l 40 64.32 1.93 1.00 59.91 1280 108
60 19.92 45.60 65.52 1.97 1.00 59.91 1310 106
61 19.92 46.80 66.72 2.01 1.00 59.91 1320 104
62 20.02 48.00 68.02 2.05 0.92 60.21 1340 104
63 20.27 48.70 68.97 2.07 0.7h 60.96 1315 102 ,
64 20.27 50.00 70.27 2.11 1.00 60.96 1310 102 ;
65 20.27 51.10 71.37 2.15 1.00 60.96 1340 99 |
66 20.27 52.40 72.67 2.19 1.00 60.96 1350 96 !
67  20.27 53.70 73.97 2.22 1.00 60.96 1360 92
i 68 20.27 55.00 75.27 2.26 1.00 60.96 1390 89 g
i 69 20.27 56.30 76.57 2.30 1.00 60.96 1390 87 ,
70 20.27 57.60 77.87 2.3 1.00 60.96 1395 85 j
71 20.27 58.80 79.07 2.38 1.00 60.96 Mm15 82 i
72 20.27 60.00 80.27 2.41 1.00 60.96 1400 8h
73 20.27 61.30 81.57 2.45 1.00 60.96 14Q0 86
7 20.27 62.30 82.57 2.18 1.00 60.96 1400 88 i
75 20.27 63.50 83.77 2.52 1.00 60.96 1105 89 ;
76 20.27 64.60 84.87 2.55 1.00 60.96 1400 90
77 20.27 65.70 85.97 2.59 1.00 60.96 1400 a2 :
78 20.47 66.80 87.27 2.62 0.85 61.56 1430 95 ;
: 79 20.47 68.00 88.47 2.66 1.00 61.56 1420 96 |
: 80 20.47 69.00 89.47 2.69 1.00 61.56 nno 99 i
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Table B.6 : Continued.
Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPV R(THPY) Psi é
81 20.47 70.20 90.67 2.73 1.00 61.56 40 100
82 20.47 71.20 91.67 2.76 1.00 61.56 1400 102
83 20.47 72.50 92.97 2.80 1.00 61.56 1440 105
84 20.47 73.70 9h. 17 2.83 1.00 61.56 170 107
85 20.47 .70 85.17 2.86 1.00 61.56 140 106
86 20.47 75.80 96.27 2.90 1.00 61.56 1160 106
87 20.47 17.00 97.47 2.93 1.00 61.56 1160 108
88 20.47 78.30 98.77 2.97 1.00 61.56 1465 105
89 20.47 79.70 100.17 3.01 1.00 61.56 1h85 102
S0 20.47 81.00 101.47 3.05 1.00 61.56 1190 100
91 20.47 82.10 102.57 3.08 1.00 61.56 1500 99
92 20.47 83.10 103.57 3.1 1.00 61.56 160 100
93 20.47 84,30 ou.77 3.15 1.00 61.56 1460 101
94 20.47 85.40 105.87 3.18 1.00 61.56 1440 100
95 20.57 86.30 106.87 3.21 0.90 61.86 1460 99
96 20.57 87.40 107.97 3.25% 1.00 61.86 1480 96
97 20.57 88.60 109.17 3.28 1.00 61.86 1490 g4
98 20.57 89.70 110.27 3.32 1.00 61.86 1h90 93
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Table B.7 : Raw and Computed Results for Rung 7
(hot water with solvent slug=19.4 % THPV, Q=1 cc/min).

Time Np Wp Wi Qiw FW Rt P T
min ce ce ce THPV %( THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 9 100

2 0.00 0.00 0.00 0.00 0.00 0.00 9 102
3 0.00 0.00 0.00 0.00 0.00 0.00 8 104
y 0.00 0.00 0.00 0.00 0.00 0.00 12 106
5 0.50 0.00 0.50 0.02 0.00 1.58 19 107
6 1.60 0.00 1.60 0.05 0.00 5.0h 43 108
7 2.80 0.00 2.80 0.09 0.00 8.82 100 101
8 k.10 0.00 4.10 0.13 0.00 12.92 2h0 98
9 5.40 0.00 5.40 0.17 0.00 17.01 435 93
10 6.70 0.00 6.70 c.21 0.00 21.11 570 91
1 7.90 0.00 7.90 0.25 0.00 2h.89 750 89
12 9.20 0.00 9.20 0.29 0.00 28.99 730 86
13 10.60 0.00 10.60 0.33 0.00 33.40 690 84
14 11.90 0.00 11.90 0.37 0.00 37.49 700 81
15 13.30 0.00 13.30 0.42 0.00 41.90 680 79
16 14,60 0.00 14.60 0.46 0.00 16.00 615 81
17 15.90 0.00 15.90 0.50 0.00 50.09 690 83 !
18 16.80 0.20 17.60 0.54 0.18 52.93 740 88
19 17.20 1.10 18.30 0.58 0.69 54.19 760 95
20 17.40 2.20 19.60 0.62 0.85 5h.82 785 99
21 17.45 3.40 20.85 0.66 0.96 S54.98 800 104
22 17.45 4.70 22.15 0.70 1.00 54.98 805 108
23 17.45 6.00 23.45 " 0.74 1.00 54.08 810 116
24 17.45 7.30 24.75 0.78 1.00 54.98 830 117
25 17.45 8.60 26.05 0.82 1.00 54.98 850 119
26 17.45 10.00 27.45 0.86 1.00 54.98 855 120
27 17.75 11.00 28.75 0.91 0.77 55.92 860 118
28 17.75 12.50 30.25 0.95 1.00 55.92 860 118
29 17.75 14.00 31.75 1.00 1.00 55.92 890 116
30 17.75 15.40 33.15 1.04 1.00 55.92 890 116
31 17.75 16.90 34.65 1.09 1.00 55.92 905 115
32 17.75 18.20 35.95 1.13 1.00 55.92 890 113
33 17.95 19.30 37.25 1.17 0.85 56.55 910 110
3 18.35 20.00 38.35 1.21 0.64 57.81 915 105
35 18.45 21.00 39.45 1.24 0.91 58.13 935 104
36 18.45 22.20 L40.65 1.28 1.00 58.13 9uQ 102
37 18.45 23.40 41.85 1.32 1.00 58.13 930 98
38 18.45 24.70 43.15 1.36 1.00 58.13 930 96
39 18.45 25.80 uy.25 1.39 1.00 58.13 930 92
Lo 18.45 27.20 45.65 1.44 1.00 58.13 960 89




260

fable B.7 : Continued.
Time Np Wp Wi Qiw FW Rt P T
min cc cec cec THPV S(THPV) Psi %
u1 18.45 28.40 u6.85 1.48 1.00 58.13 915 87
n2 18.45 29.70 48.15 1.52 1.00 58.13 935 86
3 18.45 31.00 u9.45 1.56 1.00 58.13 935 86
by 18.45 32.30 50.75 1.60 1.00 58.13 970 86
45 18.145 33.60 52.05 1.64 1.00 58.13 260 88
ué6 18.45 34.90 53.35 1.68 1.00 58.13 970 89
u7 18.45 36.10 54.55 1.72 1.00 58.13 970 92
48 18.45 37.40 55.85 1.76 1.00 58.13 980 9u
49 18.45 38.70 57.15 1.80 1.00 58.13 995 97
50 18.55 39.80 58.35 1.84 0.92 58. 4N 1005 99
5t 18.65 41.00 59.65 1.88 0.92 58.76 1000 102 |
52 18.65 42.30 60.95 1.92 1.00 58.76 1000 106
53 18.65 u3.60 62.25 1.96 1.00 58.76 1000 106
54 18.65 uy.80 63.45 2.00 1.00 58.76 1015 107
55 18.65 45.90 64.55 2.03 1.00 58.76 1015 105
56 18.65 u7.10 65.75 2.07 1.00 58.76 1025 104
57 18.65 48.40 67.05 2.1 1.00 58.76 1035 102
58 18.65 49.70 68.35 2.15 1.00 58.76 1035 102 !
59 18.65 50.90 69.55 2.19 1.00 58.76 1025 99
60 18.65 52.10 70.75 2.23 1.00 £8.76 1020 97 !
61 18.65 53.30 71.95 2.27 1.00 58.76 1035 95 !
62 18.65 54.60 73.25 2.31 1.00 58.76 1035 93 !
63 18.70 55.80 74.50 2.35 0.96 58.92 1065 91
64 18.75 56.90 75.63 2.38 0.96 59.07 1045 89
65 18.75 58. 10 76.85 2.42 1.00 59.07 1035 88
66 18.75 59.30 78.05 2.u46 1.00 59.07 1010 87
67 18.75 60.50 79.25 2.50 1.00 59.07 1035 88
68 18.75 61.70 80.45 2.53 1.00 55.07 1045 89
69 18.75 62.90 81.65 2.57 1.00 59.07 1050 91
70 18.75 64.30 83.05 2.62 1.00 59.07 1055 93
71 18.75 65.70 8U4.45 2.66 1.00 59.07 1055 97
72 18.75 66.70 85.45 2.69 1.00 59.07 1060 101
73 18.75 67.70 86.45 2.72 1.00 59.07 1060 104
74 18.75 68.80 87.55 2.76 1.00 59.07 1040 108
75 18.75 70.30 89.05 2.81 1.00 59.07 1050 110
76 18.75 71.50 90.25 2.84 1.00 59.07 1060 114
77 18.75 72.70 91.45 2.88 1.00 59.07 1080 114
78 18.95 73.80 92.75 2.92 0.85 59.70 1080 118
79 18.95 74.90 93.85 2.96 1.00 59.70 1090 116
80 18.95 76.20 95.15 3.00 1.00 59.70 10h0 114




N
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Table B.7 : Continued.

Time Np Wp Wi Qiw W Rt P T
min ce ce ce THPV 7 THPV) Psi I
81 18.95 77.50 96.45 3.04 1.00 59.70 1010 110
82  18.95 78.80 97.75 3.08 1.00 59.70 1050 108
83  18.95 79.80 98.75 3.1 1.00 59.70 1060 105
8t 18.95 81.10 100.05 3.15 1.00 59.70 1110 103
85  18.95 82.40 101.35 3.19 1.00 59.70 1050 102
86  18.95 83.80 102.75 3.2n 1.00 59.70 1080 100
87  18.95 85.00 103.95 3.28 1.00 59.70 1100 97
88  18.95 86.30 105.25 3.32 1.00 59.70 1120 9
89  18.95 87.50 106.45 3.35 1.00 59.70 1080 92
90  18.95 89.10 108.05 3.10 1.00 59.70 1070 89
91 18.95 90.20 109.15 344 1.00 59.70 1100 87
92  18.95 91.30 110.25 3.47 1.00 59.70 1115 86
93  18.95 92.30 111.25 3.51 1.00 59.70 1100 86
o9 18.95 93.80 112.75 3.55 1.00 59.70 1115 86
95  18.95 95.10 114.05 3.59 1.00 59.70 1100 88
96 18.95 96.30 115.25 3.63 1.00 59.70 1070 90
97  18.95 97.40 116.35 3.67 1.00 59.70 1040 93
98  18.95 98.80 117.75 3.71 1.00 59.70 1080 95
99  18.95 100.00 118.95 3.75 1.00 59.70 1090 98
100 18.95 101.30 120.25 3.79 1.00 59.70 1080 102




Tahle B.8 : Raw and Computed Results for Runf#19

(hot water with solvent slug=33.26 %THPY, Q=1 ce/min),

Time Np Wp Wi Qiw FW Rt p T
min cc ce cc THPYV %(THPV) Psi %:
1 0.00 0.00 0.00 0.00 0.00 0.00 3 101
2 0.00 0.00 0.00 0.00 0.00 0.00 y 102
3 0.00 0.00 0.00 0.00 0.00 0.00 u 102
I 0.00 0.00 0.00 0.00 0.00 0.00 y 102
5 0.00 0.00 0.00 0.00 0.00 0.00 12 105
6 0.00 0.00 0.00 0.00 0.00 0.00 13 115
7 0.00 0.00 0.00 0.00 0.00 0.00 17 18 .
8 0.00 0.00 0.00 0.00 0.00 0.00 18 120 |
9 0.00 0.00 0.00 0.00 0.00 0.00 21 120
10 0.00 0.00 0.00 0.00 0.00 0.00 28 120 ‘
1" 0.00 0.00 0.00 0.00 0.00 0.00 33 M|
12 0.00 0.00 0.00 0.00 0.00 0.00 52 107 |
13 1.20 0.00 1.20 0.04 0.00 3.62 83 o |
14 2.20 0.00 2.20 0.07 0.00 6.64 119 100 |
i5 3.10 0.00 3.10 0.09 0.00 9.36 156 96
16 4,20 0.00 4.20 0.13 0.00 12.68 275 92
17 5.30 0.00 5.30 0.16 0.00 16.00 u60 89 |
18 6.30 0.00 6.30 0.19 0.00 19.02 655 85 !
19 7.28 0.00 7.28 0.22 0.00 21.97 850 82
20 8.28 0.00 8.28 0.25 0.00 21.99 1020 80 |
21 9.18 0.00 9.18 0.28 0.00 27.71 1190 77
22 10.18 0.00  10.18 0.31 0.00 30.73 1340 74
23 11.08 0.00 11.08 0.33 0.00 33.41 1500 72
2y 12.24 0.00 12.24 0.37 0.00 36.95 1620 70
25 13.24 0.00 13.24 . 0.40 0.00 39.96 1360 70
26 14,19 0.00 14.19 0.43 0.00 u2.83 1120 80
27 15.19 0.00 15.19 0.16 0.00 45,85 1015 89
28 16.19 0.00 16.19 0.u49 0.00 48.87 1025 92
29 17.16 0.00 17.16 0.52 0.00 51.80 1060 95
30 18.16 0.00 18.16 0.55 0.00 sh.81 1140 96
31 19.06 0.00 19.06 0.58 0.00 57.53 1230 96
32 19.87 0.00 19.87 0.60 0.00 59,98 1280 96
33 20.52 0.35 20.87 0.63 0.35 G1.94 1320 98
34 20.72 1.25 21.97 0.66 0.82 62.54 1380 98
35 20.76 2.15 22.91 0.69 0.96 62.66 1400 98
36 20.81 3.07 23.88 0.72 0.95 62.81 1440 99
37 20.87 3.97 24.84 0.75 0.94 62.99 1180 99
38 20.95 u.77 25.72 0.78 0.91 63.21 1520 100
39 21.09 5.67 26.76 0.81 0.87 63.66 1530 102
1o 21.17 6.57 27.74 0.84 0.92 63.90 1540 103




Table B.8 : Continued.

f
Time Np Wp Wi Qiw W Rt p T ;f
min cec cc ce THPY B THPY) Psi % ;

|
w2124 7.71 29.01 0.88 0.94 64.11 1550 104
K2 21.m 8.87 30.28 0.91 0.87 64.62 1555 106 ’
43 21.m 9.87 31.28 0.94 1.00 64.62 1555 107
uy 21.50 10.87 32.37 0.98 0.92 64.90 1585 108 '
45 21.50 11.87 33.37 1.01 1.00 64.90 1580 110
u6  21.66 12.77 34.43 1.04 0.85 65.38 1520 ne |
u7  21.66 13.87 35.53 1.07 1.00 65.38 1540 IREI
48 21.71 15.17 36.88 1.1 0.96 65.53 1550 (RTI
u9  21.85 16.02 37.87 1.14 0.86 65.95 1540 ns
50  21.85 17.22 39.07 1.18 1.00 65.95 1470 17!
51 21.85 18.42 40.27 1.22 1.00 65.95 1480 118
52 22.07 19.52 41.59 1.26 0.83 66.62 1530 116
53 22.07 20.72 42.79 1.29 1.00 66.62 1590 1h
54 22.11 22.02 u4.13 1.33 0.97 66.74 1660 113
55  22.14 23.22 45.36 1.37 0.98 66.83 1685 1
56  22.17 24.12 u6.29 1.40 0.97 66.92 1675 113
57 22.17 25.32 u7.49 1.43 1.00 66.92 1660 114
58 22.17 26.42 48.59 1.47 1.00 66.92 1535 116
69  22.19 27.42 19.61 1.50 0.98 66.98 1650 s
60  22.21 28.62 50.83 1.53 0.98 67.04 1650 i
61 22.21 29.82 52.03 1.57 1.00 67.04 1675 13
62 22.21 30.82 53.03 1.60 1.00 67.04 1695 13
63 22.21 32.02 54.23 1.64 1.00 67.04 1700 114
68  22.23 33.22 55.45 1.67 0.98 67.10 1725 11
65  22.24 34,42 56.66 1.7 0.99 67.13 1700 11
66  22.26 35.52 57.78 1.74 0.98 67.19 1660 113
67  22.26 36.72 58.98 1.78 1.00 67.19 1720 110
68  22.26 38.02 60.28 1.82 1.00 67.19 1760 108
69  22.33 39.32 61.65 1.86 0.95 67.40 1740 108
70 22.33 40.52 62.85 1.90 1.00 67.40 1780 108
1 22.39 u1.62 64.01 1.93 0.95 67.58 1740 107
72 22.39 42.82 65.21 1.97 1.00 67.58 1680 108
73 22.39 ny. 12 66.51 2.01 1.00 67.58 1685 107
o 22.39 15.32 67.71 2.04 1.00 67.58 1700 106
75 22.45 46.62 69.07 2.08 0.96 67.76 1750 104
76 22.45 47.82 70.27 2.12 1.00 67.76 1790 102
77 22.46 48.92 71.38 2.15 0.99 67.79 1800 101
78 22.46 50.12 72.58 2.19 1.00 67.79 1780 102
79 22.46 51.42 73.88 2.23 1.00 67.79 1790 100
80  22.53 52.62 75.15 2.27 0.94 68.00 1810 98




Table B.8 : Continued.

Time Np ¥p Wi Qiw FW Rt p T
min ce ce cc THPV % (THPV) Psi ¢
81  22.53 53.72 76.25 2.30 1.00 68.00 1820 98
82  22.59 54.72 77.31 2.33 0.94 68.19 1840 97
83  22.59 55.92 78.51 2.37 1.00 68.19 1830 97
84 22.66 56.92 79.58 2.40 0.93 68.140 1810 96
85  22.66 58.02 80.68 2.4 1.00 68.140 1800 56
86  22.66 59.22 81.88 2.47 1.00 68.40 1780 96
87  22.66 60.42 83.08 2.51 1.00 68.140 1770 96
88  22.73 61.52 84.25 2.54 0.94 68.61 1760 96
89  22.73 62.82 85.55 2.58 1.00 68.61 1790 96
90  22.73 64.02 86.75 2.62 1.00 68.61 1880 St
91  22.73 65.22 87.95 2.65 1.00 68.61 1880 92
92  22.81 66.12 88.93 2.68 0.92 68.85 1850 93
93  22.82 67.12 89.94 2.71 0.99 68.88 1805 93
9y 22.82 68.12 90.94 2.74 1.00 68.88 1780 94
95  22.86 69.12 91.98 2.78 0.96 69.00 1850 93
96  22.86 70.22 93.08 2.81 1.00 69.00 1865 93
97  22.86 71.42 9l .28 2.85 1.00 69.00 1860 93
98  22.89 72.52 95.141 2.88 0.97 69.09 1855 93
99  22.89 73.72 96.61 2.92 1.00 69.09 1840 94
100 22.89 74.92 97.81 2.95 1.00 69.09 1795 97
101 22.96 76.12 99.08 2.99 0.94 69.30 1860 on
102 22.96 77.32 100.28 3.03 1.00 69.30 1880 93
103 22.96 78.52 101.48 3.06 1.00 69.30 1860 92
106 23.01 79.52 102.53 3.09 0.95 69.45 1850 93
105  23.01 80.52 103.53 3.12 1.00 69.45 1830 9y
106  23.01 81.52 104.53 3.16 1.00 69.45 1800 94
107 23.08 82.62 105.70 3.19 0.94 69.66 1795 56
108 23.08 83.82 106.90 3.23 1.00 69.66 1810 96
109 23.08 85.02 108. 10 3.26 1.00 69.66 1850 94
110 23.15 86.02 109.17 3.30 0.93 69.88 1865 93
1M1 23.15 87.22 110.37 3.33 1.00 69.88 1865 92
112 23.15 88.22 111.37 3.36 1.00 69.88 1865 92
113 23.22 89.32 112.54 3.40 0.94 70.09 1870 90
118 23.22 90.62 113.84 3.4 1.00 70.09 1880 88
115  23.22 91.82 115.04 3.47 1.00 70.09 1890 86
116  23.22 93.02 116.24 3.51 1.00 70.09 1880 85
17 23.22 94.02 117.24 3.54 1.00 70.09 1860 85
118 23.29 95.22 118.51 3.58 0.94 70.30 1865 83
119 23.29 96.22 119.51 3.61 1.00 70.30 1865 82
120 23.29 97.52 120.81 3.65 1.00 70.30 1860 83




Table B.8 : Continued.

Time Np Wp Wi Qiw FW Rt P T
min ce ce ce THPY T(THPV) Psi ¢
121 23.36 98.82 122.18 3.69 0.95 70.51 1870 85
122 23.36 100.12 123.48 3.73 1.00 70.51 1870 8t
123 23.36 101.32 124.68 3.76 1.00 70.51 1870 8u
120 23.40 102.42 125.82 3.80 0.96 70.63 1370 8l
125  23.40 103.62 127.02 3.83 1.00 70.63 1870 8h
126 23.140 104.82 128.22 3.87 1.00 70.63 1870 8h
127 23.10 106. 12 129.52 3.91 1.00 70.63 1880 82
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Table 8.9 : Raw a“d CO“‘DUted Results for RU“# 20

{hot water with solvent slug=5.21 ZTHPV, Q=1 ca/min).

Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPY o (THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 7 106
2 0.00 0.00 0.00 0.00 0.00 0.00 8 104
3 0.00 0.00 0.00 0.00 0.00 0.00 10 109
4 0.00 0.00 0.00 0.00 0.00 0.00 15 106
5 0.00 0.00 0.00 0.00 0.00 0.00 19 100
6 0.00 0.00 0.00 0.00 0.00 2.00 2 96
7 0.00 0.00 0.00 0.00 0.00 0.00 35 92
8 0.00 0.00 0.00 0.00 0.00 0.00 5h 90
9 0.00 0.00 0.00 0.00 0.00 0.00 82 86
10 1.00 0.00 1.00 0.03 0.00 2.99 156 83
11 2.20 0.00 2.20 0.07 0.00 6.58 305 80
12 3.40 0.00 3.40 0.10 0.00 10.18 505 77
13 4.90 0.00 4.90 0.15 0.00 .67 680 74
M 6.20 0.00 6.20 0.19 0.00 18.56 300 80
15 7.50 0.00 7.50 0.22 0.00 22.45 270 82
16 8.70 0.00 8.70 0.26 0.00 26.0n 270 84
17 10.00 0.00 10.00 0.30 0.00 29.93 255 87
18 11.20 0.00 11.20 0.34 0.00 33.52 290 88
19 12.30 0.00 12.30 0.37 0.00 36.82 280 91
20 13.30 0.00 13.30 0.40 0.00 39.81 310 92 .
21 14.50 0.00 14.50 0.43 0.00 n3.40 315 95
22 15.80 0.00 15.80 0.47 0.00 47.29 . 318 96
23 16.28 0.60 16.88 0.51 0.56 48.73 315 99
26 16.41 1.90 18.31 0.55 0.91 49.12 307 01
25 16.50 3.10 19.60 0.59 0.93 49.39 315 103 |
26 16.61 4.20 20.81 0.62 0.91 n9.72 330 08
27 16.70 5.50 22.20 0.66 0.94 49.99 325 106
28 16.82 6.80 23.62 0.71 0.92 50.34 317 108
29 16.87 7.90 24.77 0.74 0.96 50.49 340 109
30 16.97 9.00 25.97 0.78 0.92 50.79 350 110
31 17.03 10.20 27.23 0.82 0.95 50.97 3ng 111
32 17.14 11.40 28.54 0.85 0.92 51.30 305 112
33 17.16 12.60 29.76 0.89 0.98 51.36 370 112
3 17.20 13.90 31.10 0.93 0.97 51.18 355 14
35 17.22 15.10 32.32 0.97 0.98 51.50 360 115
36 17.31 16.30 33.61 1.01 0.93 51.81 375 111
37 17.35 17.60 34.95 1.05 0.97 51.93 370 116
38 17.40 18.90 36.30 1.09 0.96 52.08 365 AU
39 17.42 20.00 37.42 1.12 0.98 52. 11 380 116 |
) 17.47 21.20 38.67 1.16 0.96 52.29 322 16 |
{




ro

Table B.9 : Continued.

~J

Time Np Wp Wi Qiw W Rt P T
min cc cc cc THPV ZITHPV) Psi c
4t 17.48 22.40 39.88 1.19 0.99 52.32 370 114
42 17.51 23.60 5.1 1.23 0.98 52.141 365 114
§3  17.53 214.90 42.43 1.27 0.98 52.47 350 1y
ny 17.56 26.10 143.66 1.31 0.98 52.56 n20 11
45 17.59 27.30 uy. 89 1.34 0.98 52.65 375 12
u6  17.62 28.70 u6.32 1.39 0.98 52.7h 375 B!
WY 17.62 30.00 47.62 1.63 1.00 52.74 395 110
u8  17.68 31.00 48.68 1.146 0.94 52.92 380 110
ng  17.7 32.30 50.01 1.50 0.98 53.01 365 10
50  17.73 33.50 51.23 1.53 0.93 53.07 375 108
51 17.77 34.70 52.47 1.57 8.97 53.19 nos 107
52 17.77 36.00 . 53.77 1.61 1.00 53.19 402 107
53  17.80 37.30 55.10 1.65 0.98 53.28 380 106
Sy 17.84 38.50 56.34 1.69 0.97 53.40 395 106
55  17.86 39.70 57.56 1.72 0.98 53.146 100 104
56  17.89 50.90 58.79 1.76 0.98 53.55 n30 104
57  17.90 42.10 60.00 1.80 0.99 53.58 305 04
58  17.90 43.40 61.30 1.83 1.00 53.58 395 103
59 17.92 4,70 62.62 1.87 0.98 53.64 430 102
60  17.95 45.90 63.85 1.91 0.98 53.73 420 102
61 17.99 47.20 65.19 1.95 0.97 53.85 u30 102
62  17.99 48.50 66.L9 1.99 1.00 53.85 405 102
63  18.05 49.90 67.95 2.03 0.96 54.03 n2s 102
64  18.06 51.30 69.16 2.07 0.99 5h.06 u1s 102
65 18.06 52.30 70.36 2.11 1.00 54,06 n2s5 100
66  18.06 53.50 71.56 2.14 1.00 54.06 450 100
67  18.09 54.70 72.79 2.18 0.98 54.15 465 99
68  18.09 56.00 74.09 2.22 1.00 54.15 350 100
69  18.09 57.20 75.29 2.25 1.00 54.15 320 102
70 18.13 58.50 76.63 2.29 0.97 54,27 370 100 .
7 18.13 59.70 77.83 2.33 1.00 54.27 no7 99 !
72 18.18 60.80 78.98 2.36 0.96 50,41 n50 99 |
73 18.18 62.00 80.18 2.40 1.00 5. 141 n35 98
74 18.18 63.30 81.148 2.4h 1.00 5h.41 nos 99
75  18.18 64.50 82.68 2.7 1.00 54,41 n2s 98
76 18.21 65.90 84.11 2.52 0.98 54.50 160 98
77 18.21 67.30 85.51 2.56 1.00 54.50 n70 97
78 18.25 68.30 86.55 2.59 0.96 54.62 n37 98
79  18.25 69.40 87.65 2.62 1.00 54,62 n95 96
80  18.25 70.60 88.85 2.66 1.00 5N.62 B10 97




233

Table B.9 : Continued.

Time Np Wp Wi Qiw (A% Rt P T

min ce ce cc THPY GUTUPV)  Psi ¢ |
81 18.25 71.70 89.95 2.69 1.00 54.62 378 99

82  18.26 72.90 91.16 2.73 0.99 54.65 "75 96

83  18.30 74.10 92.40 2.77 0.97 54.77 n90 96

84 18.30 75.30 93.60 2.80 1.00 5h. 77 n70 98 |
85  18.33 76.40 94.73 2.84 0.97 5h.86 490 98 |
86  18.33 71.70 96.03 2.87 1.00 5Nh.86 505 98 |
87  18.35 79.00 97.35 2.91 0.98 50h.92 150 99 ;
88  18.35 80.20 98.55 2.95 1.00 54.92 n20 100
89  18.38 81.50 99.88 2.99 0.98 55.01 n6s 00 |
90  18.38 82.70 101.08 3.03 1.00 55.01 B17 02
91 18.41 84.00 102.41 3.07 0.98 55.10 508 102 |
92 18.41 85.20 103.61 3.10 1.00 55.10 n72 03 !
93  18.44 86.50 104.94 3.14 0.98 55.19 ng0 103 |
9% 18.44 87.70 106. 14 3.18 1.00 55.19 55 104

95  18.47 88.90 107.37 3.21 0.98 55.28 1580 105 |
96  18.47 90.10 108.57 3.25 1.00 55.28 "60 106 |
97  18.50 91.30 109.80 3.29 0.98 55.37 n57 107 |
98  18.50 92.70 111.20 3.33 1.00 55.37 170 107 |
99  18.52 93.80 112.32 3.36 0.98 55.43 475 108
100 13.52 94.89 113.32 3.39 1.00 55.143 u72 108
101 18.52 95.10 114. 62 3.43 1.00 55.43 n32 1M
102 13.52 97.20 115.72 3.46 1.00 55.43 425 1
103 13.52 98.30 116.82 3.50 1.00 55.43 190 110 ¢
08 18.52 99.50 118.02 3.53 1.00 55.13 450 (AR
105 18.52 100.80 119.32 3.57 1.00 55.43 470 13
106  18.52 102.00 120.52 3.61 1.00 55.43 470 13 i
107 18.52 103.10 121.62 3.64 1.00 55.43 470 113
108 18.52 104. 30 122.82 3.68 1.00 55.43 s (RE
109 18.52 105.40 123.92 3.7 1.00 55.43 n1g 116 |
110 18.52 106.140 124.92 3.74 1.00 55.43 w17 116 |
1M1 18.52 107.40 125.92 3.77 1.00 55.43 433 116!
112 18.52 108.70 127.22 3.81 1.00 55.43 380 17
113 18.52 109.90 128.42 3.84 1.00 55.143 105 116 -
114 18.52 111.20 129.72 3.88 1.00 55.43 n70 113
115 18.52 112.50 131.02 3.92 1.00 55.1h3 h35 193 ;
116  18.52 113.70 132.22 3.96 1.00 55.13 n27 113

117 18.52 115.00 133.52 4.00 1.00 55.43 n6s 112

118 18.52 116.20 134,72 4.03 1.00 55.43 105 113

119 18.52 117.140 135.92 4y.07 1.00 55.13 u35 110

120 18.52 118.60 137.12 n.10 1.00 55.13 n27 110




fahle B.10: Raw and Computed Results for Run# 21

(hot water with solvent slug=5.21 FTHPV, Q=1 cc/min)

269

Time Np Wp Wi Qiw Fw Rt P T
|
min cc cc cc THPV Z(THPV) Psi (°: !
f
1 0.00 0.00 0.00 0.00 0.00 0.00 10 108
2 0.00 0.00 0.00 0.00 0.00 0.00 13 12
3 0.00 0.00 0.00 0.00 0.00 0.00 16 116 |
4 0.00 0.00 0.00 0.00 0.00 0.00 22 120
5 0.00 0.00 0.00 0.00 0.00 0.00 31 g |
6 0.00 0.00 0.00 0.00 0.00 0.00 n 12
7 0.00 0.00 0.00 0.00 0.00 0.00 63 106
8 0.00 0.00 0.00 0.00 0.00 0.00 89 102
9 0.00 0.00 0.00 0.00 0.00 0.00 165 98 i
10 0.00 0.00 0.00 0.00 0.00 0.00 310 on |
1" 0.00 0.00 0.00 0.00 0.00 0.00 ns 92 |
12 0.75 0.00 0.75 0.02 0.00 2.22 165 ou |
13 1.75 0.00 1.75 0.05 0.00 5.18 185 ou |
{1 2.95 0.00 2.95 0.09 0.00 8.7 185 95 i
15 4.25 0.00 .25 0.13 0.00 12.59 190 97 |
16 5.45 0.00 5.45 0.16 0.00 16.10 200 98 !
17 5.65 0.00 6.65 0.20 0.00 19.70 210 100
18 7.82 0.00 7.82 0.23 0.00 23.16 215 103 !
19 9.12 0.00 9.12 0.27 0.00 27.01 215 106 |
20 10.42 0.00 10.42 0.31 0.00 30.86 220 109 |
21 11.62 0.00 11.62 0.34 0.00 3,42 225 112 ‘
22 12.82 0.00 12.82 0.38 0.00 37.97 210 116 |
23 14.02 0.00 14.02 0.42 0.00 n1.53 215 116 |
24 15.12 0.00 15.12 0.45 0.00 w479 217 120 |
25 16.30 0.00 16.30 0.48 0.00 u8.28 225 122 |
26 17.140 0.00 17.40 0.52 0.00 51.51 232 122
27 17.80 0.70 18.50 0.55 0.6h 52.73 238 122 !
28 17.92 1.60 19.52 0.58 0.88 53.08 240 123
29 18.02 2.70 20.72 0.61 0.92 53.38 237 123
30 18.10 3.80 21.90 0.65 0.93 53.61 235 123 !
31 18.25 4.90 23.15 0.69 0.88 51.06 238 123
32 18.39 6.00 21,39 0.72 0.89 5n.147 2n7 123
33 18.53 7.20 25.73 0.76 0.90 54.89 250 123
3y 18.65 8.40 27.05 0.80 0.91 55.20 250 123
35 18.74 9.70 28.41 0.84 0.9n 55.51 251 123
36 18.84 10.80 29.64 0.88 0.92 55.81 253 123
37 18.91 11.90 30.81 0.91 0.9y 56.01 256 123
38 18.98 13.10 32.08 0.95 0.94 56.22 262 123
39 19.10 14.30 33.40 0.99 0.91 56.58 255 123
no 19.21 15.50 34.71 1.03 0.92 56.90 258 123
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fabte B.10: Continued.

1]
1
Time MNp Wp Wi Qiw W Rt - P T .
t
b
min ce ce ce THPV TOTHPV)  Psi ¢
u1 19.24 16.70 35.94 1.06 0.98 56.99 265 123
42 19.32 17.90 37.22 1.10 0.94 57.23 267 123
u3  19.36 19.10 38.46 1.14 0.97 57.35 273 123
us  19.39 20.30 39.69 1.18 0.98 57.43 277 123
45 19.44 21.50 140.94 1.21 0.96 57.58 280 123
86  19.54 22.50 u2.04 1.25 0.91 57.88 282 122
47 19.59 23.70 n3.29 1.28 0.96 58.03 281 122
48 19.65 25.00 k.65 1.32 0.96 58.20 291 122
n9  19.70 26.10 15.80 1.36 0.96 58.3% 289 122
50  19.80 27.20 47.00 1.39 0.92 58.65 293 122
51 19.85 28.40 48.25 1.43 0.96 58.80 288 122
52 19.89 29.60 49.49 1.47 0.97 58.92 290 122
53 20.02 30.70 50.72 1.50 0.89 59.30 285 123
55  20.05 31.80 51.85 1.54 0.97 59.39 280 123
55  20.12 33.00 53.12 1.57 0.94 59.60 285 122
56  20.17 34.30 54.47 1.61 0.96 59.75 287 123
57  20.18 35.50 55.68 1.65 0.99 59.77 285 122
58  20.26 36.80 57.06 1.69 0.94 60.01 270 123 |
59  20.26 38.10 58.36 1.73 1.00 60.01 272 123
60  20.31 39.30 59.61 1.77 0.96 60.16 285 122 |
61  20.31 40.40 60.71 1.80 1.00 60.16 293 122 |
62  20.u8 41.50 61.98 1.84 0.87 60.66 290 122
63  20.48 42.90 63.38 1.88 1.00 60.66 287 122
64  20.u48 44.20 64.68 1.92 1.00 60.66 283 122
65  20.48 45.30 65.78 1.95 1.00 60.66 275 123
66  20.58 16.50 67.08 1.99 0.92 60.96 285 122
67  20.60 47.50 68.10 2.02 0.98 61.02 293 122
68  20.60 48.80 69.40 2.06 1.00 61.02 277 123
69  20.66 50.00 70.66 2.09 0.95 61.20 272 123
70 20.66 51.30 71.96 2.13 1.00 61.20 290 121
71 20.66 52.40 73.06 2.16 1.00 61.20 283 122
72 20.83 53.30 74.13 2.20 0.8 61.70 285 122
73 20.83 5%. 60 75.43 2.23 1.00 61.70 285 122
7 20.83 55.80 76.63 2.27 1.00 61.70 283 122
75  20.83 57.00 77.83 2.31 1.00 61.70 274 122
76 20.83 58.30 79.13 2.34 1.00 61.70 288 121
77 20.83 59.50 80.33 2.38 1.00 61.70 300 121
78 20.83 60.70 81.53 2.1 1.00 61.70 290 122
79  20.93 61.90 82.83 2.45 0.92 62.00 285 121
80 20.93 62.90 83.83 2.48 1.00 62.00 283 121




fable B.10: Continued.

ro
~)

poed

Time Np Wp Wi Qiw W R P T
min ce cc ce THPY % (THPY) Psi &
81 20.93 63.80 8h.73 2.51 1.00 62.00 292 121
82 20.98 65.00 85.98 2.55 0.96 62.14 300 121
83 20.98 66.30 87.28 2.59 1.00 62. 10 292 121
8h 21.04 67.40 88.44 2.62 0.95 62.32 295 121
85 21.04 68.50 89.54 2.65 1.00 62.32 285 121
86 21.04 69.70 90.74 2.69 1.00 62.32 275 121
87 21.00 70.90 91.94 2.72 1.00 62.32 283 121
88 21.07 71.90 92.97 2.75 0.97 62.h1 292 120
89 21.07 73.00 94,07 2.79 1.00 62.11 286 121
90 21.07 Th.20 95.27 2.82 1.00 62.41 282 121
91 21.13 75.40 96.53 2.86 0.95 62.59 288 121
92 21.13 76.50 97.63 2.89 1.00 62.59 275 121
93 21.13 77.70 98.83 2.93 1.00 62.59 267 121
9n 21.13 78.90 100.03 2.96 1.00 62.59 270 121
95 21.13 80.00 101.13 3.00 1.00 62.59 280 121
96 21.18 81.10 102.28 3.03 0.96 62.7N 282 121
97 21.18 82.20 103.38 3.06 1.00 62.71 274 121
98 21.18 83.40 104.58 3.10 1.00 G2.7h 263 122
99 21.18 84.50 105.68 3.13 1.00 62.74 266 121 |
100 21.20 85.70 106.90 3.17 0.98 62.80 276 120
101 21.20 86.90 108.10 3.20 1.00 62.80 285 120 |
102 21.20 88.00 109.20 3.23 1.00 62.80 287 120
103 21.20 89.20 110.40 3.27 1.00 62.80 285 120
104 21.20 90. 30 111.50 3.30 1.00 62.80 288 120
105 21.20 91.40 112.60 3.34 1.00 62.80 288 120
106 21.20 92.50 113.70 3.37 1.00 62.80 273 120
107 21.20 93.7¢0 114.90 3.40 1.00 62.80 253 121
108 21.20 94.90 116.10 3.4 1.00 62.80 257 120
109 21.20 96.10 117.30 3.n7 1.00 62.80 262 120 |
110 21.20 97.40 118.60 3.51 1.00 62.80 273 120 ¢
1 21.20 98.60 119.80 3.55 1.00 62.80 273 120 .
112 21.20 99.80 121.00 3.58 1.00 62.80 295 LRI
113 21.20 101.00 122.20 3.62 1.00 62.80 295 118
114 21.20 102.10 123.30 3.65 1.00 62.80 292 11 !
115 21.20 103.20 124,40 3.68 1.00 62.80 265 120
116 21.20 104.20 125.40 3.71 1.00 62.80 260 120
117 21.20 105.30 126.50 3.75 1.00 62.80 267 118
118 21.20 106.50 127.70 3.78 1.00 62.80 273 120
119 21.20 107.70 128.90 3.82 1.00 62.80 277 120
120 21.20 108.90 130.10 3.85 1.00 62.80 285 118




27
Table B.11: Raw and Computed Results for Run§ 22 2

(hot water with solvent slug=13.99 %THPV, Q=1 cc/min).

Time Np Wp Wi Qiw FwW Rt P T
min ce ce ce THPY g(THPY)  Psi T

1 0.00 0.00 0.00 0.00 .00 0.00 12 109

2 0.00 0.00 0.00 0.00 0.00 0.00 16 114

3 0.00 0.00 0.00 0.00 0.00 0.00 22 120

y 0.00 0.00 0.00 0.00 0.00 0.00 29 123

5  0.00 0.00 0.00 0.00 0.00 0.00 w1 15

6 0.00 0.00 0.00 0.00 0.00 0.00 59 109

7 0.00 0.00 0.00 0.00 0.00 0.00 87 108

8 0.00 0.00 0.00 0.00 0.00 0.00 136 99

9 0.00 0.00 0.00 0.00 0.00 0.00 257 95
10 0.00 0.00 0.00 0.00 0.00 0.00 100 89
1 0.00 0.00  0.00 0.00 0.00 0.00 550 87
12 0.00 0.00 0.00 0.00 0.00 0.00 675 82
13 0.00 0.00 0.00 0.00 0.00 0.00 800 80
1 1.60 0.00 1.60 0.05 0.00 n.71 650 79
15 3.00 0.00 3.00 0.09 0.00 8.8 52 85
16 %.30 0.00 5.30 0.13 0.00 12.67 nng 85
17 5.60 0.00 5.60 0.16 0.00 16.149 n62 87
18 7.00 0.00 7.00 0.21 0.00 20.62 us1 88
19 8.20 0.00 8.20 0.24 0.00 24,15 450 89
20 9.40 0.00 9.10 0.28 0.00 27.69 52 91
21 10.70 0.00 10.70 0.32 0.00 31.52 165 92
22 11.90 0.00 11.90 0.35 0.00 35.05 170 94
23 13.10 0.00 13.10 0.39 0.00 38.59 n70 95
24 14.20 0.00 14.20 0.2 0.00 n1.83 n70 96
25  15.40 0.00 15.40 0.45 0.00 u5.36 1496 96
26 16.20 0.00 16.20 0.u8 0.00 H7.72 503 96
27 16.57 0.60 17.17 0.51 0.62 48.81 512 98
28 16.67 1.60 18.27 0.54 0.91 59.10 528 99
29  16.81 2.50 19.34 0.57 0.84 49.60 510 99
30 16.99 3.50 20.49 0.60 0.87 50.0n 547 101
31 17.10 4.60 21.70 0.6h 0.91 50.37 531 101
32 17.19 5.80 22.99 0.68 0.93 50.63 540 101
33 17.35 6.90 24.25 0.71 0.87 51.10 513 101
3 17.10 8.00 25.140 0.75 0.96 51.25 560 101
35 17.49 9.00 26.149 0.78 0.92 51.52 561 101
36 17.56 10.10 27.66 0.81 0.94 51.72 596 102
37 17.67 11.30 28.97 0.85 0.92 52.05 600 101
8 17.72 12.20 29.92 0.88 0.95 52.19 620 101
39 17.76 13.40 31.16 0.92 0.97 52.31 6h2 101
50 17.83 .60 32.13 0.96 0.94 52.52 60 101




273
Iable B.11: Continued.

Time Np Wp Wi Qiw W Rt p T
min cc cc cc THPV T(THPV) Psi (o:
ut 17.93 15.70 33.63 0.99 0.92 52.81 640 101
u2 18.03 16.80 34.83 1.03 0.92 53.11 631 102
43 18.03 18.10 36.13 1.06 1.00 53.11% 638 102
Ly 18.08 19.30 37.38 1.10 0.96 53.25 660 102
45 18.08 20.60 38.68 1.14 1.00 53.25 658 102
TS 18.19 21.80 39.99 1.18 0.92 53.58 637 102
u7 18.20 23.00 41.20 1.21 0.99 53.61 660 102
48 18.21 24.30 42.51 1.25 0.99 53.64 672 102
49 18.36 25.40 43.76 1.29 0.88 54.08 640 102
50 18.36 26.40 Ry, 76 1.32 1.00 51.08 637 101
51 18.42 27.50 u5.92 1.35 0.95 54,26 6h0 105
52 18.U6 28.70 47.16 1.39 0.97 514.37 615 1on
53 18.46 30.00 48.16 1.43 1.00 5h.37 650 106
54 18.46 31.10 49.56 1.46 1.00 54.37 655 106
55 18.57 32.30 50.87 1.50 0.92 50,70 655 106
56 18.66 33.50 52.16 1.54 0.93 5h.96 660 106
57 i8.76 38,70 53.46 1.57 0.92 55.26 670 106
58 18.86 36.00 51.86 1.62 0.93 55.55 666 106
59 18.86 37.20 56.06 1.65 1.00 55.55 GU5 107
60 18.96 38.40 57.36 1.69 Q.92 55.85 652 108
61 19.12 39.50 58.62 1.73 0.87 56.32 650 108
62 19.12 40.70 59.82 1.76 1.00 56. 32 665 108
63 19.12 42.00 61.12 1.80 1.00 56.32 682 107
64 19.17 43.20 62.37 1.84 0.96 56.17 658 108
65 19.27 4y, 40 63.67 1.88 0.92 56.76 650 110
66 19.27 45.70 64.97 1.91 1.00 56.76 6U45 110
67 19.32 17.00 66.32 1.95 0.96 56.91 678 108
68 19.411 4g.20 67.61 1.99 0.93 57.17 691 108
69 19.41 19.50 68.91 2.03 1.00 57.17 692 108
70 19.51 50.70 70.21 2.07 0.92 57.47 703 108 |
71 19.61 51.90 71.51% 2.11 0.92 57.76 670 IART
72 19.73 53.10 72.83 2.15 0.91 58.11 690 e
13 19.78 54,110 .18 2.18 0.96 58.26 730 108 !
74 19.78 55.70 75.148 2.22 1.00 58.26 720 108
75 19.88 56.80 76.68 2.26 0.92 58.56 720 108
76 19.90 58.00 77.90 2.29 0.98 58.62 690 110
77 20.03 59.10 79.13 2.33 0.89 59.00 702 110
78 20.05 60.30 80.35 2.37 0.98 59.06 708 109
79 20.05 61.50 81.55 2..40 1.00 59.06 700 108
80 26.15 62.70 82.85 2.0 0.92 59.35 700 110




Tahle B.11: Continued.
Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPV S(THPY) Psi LE: i
81 20.25 63.90 8u.15 2.u8 0.92 59.65 710 110
82 20.25 65.20 85.45 2.52 1.00 59.65 710 110
83 20.36 66.50 86.86 2.56 0.92 59.97 695 110
8h 20.36 67.80 88.16 2.60 1.00 59.97 700 110
85 20.46 69.00 89.46 2.64h 0.92 60.27 715 109
86 20.46 70.20 90.66 2.67 1.00 60.27 728 108
87 20.56 71.40 91.96 2.71 0.92 60.56 730 108
88 20.66 72.60 93.26 2.75 0.92 60.85 7h0 108
89 20.83 73.70 94.53 2.78 0.87 61.35 750 108
90 20.83 74.80 95.63 2.82 1.00 61.35 732 108
91 20.83 75.90 96.73 2.85 1.00 61.3H 730 108
92 20.91 17.10 98.01 2.89 0.94 61.59 735 108
93 20.91 78.20 99.11 2.92 1.00 61.59 730 106
L 21.03 79.50 100.53 2.96 0.92 61.94 728 107
95 21.03 80.80 101.83 3.00 1.00 61.9h 750 106
96 21.03 82.10 103.13 3.04 1.00 61.94 770 105
97 21.03 83.30 104.33 3.07 1.00 61.9h 760 104
98 21.04 8u.50 105.54 3.1 0.99 61.97 775 104
99 21.04 85.60 106.64 3.14 1.00 61.97 06 106
100 21.04 86.70 107.74 3.17 1.00 61.97 750 105
101 21.06 87.80 108.86 3.21 0.98 62.03 762 103
102 21.07 88.90 109.97 3.24 0.99 62.06 725 103
103 21.16 90.10 111.26 3.28 0.93 62.33 710 107
104 21.16 91.30 112.46 3.3 1.00 62.33 729 105
105 21.16 92.60 113.76 3.35 1.00 62.33 732 105
106 21.16 93.70 114.86 3.38 1.00 62.33 735 103
107 21.16 9u.90 116.06 3.u2 1.00 62.33 700 107
108 21.16 96.20 117.36 3.46 1.00 62.33 692 106
109 21.16 97.50 118.66 3.50 1.00 62.33 680 107
110 21.16 98.70 119.86 3.53 1.00 62.33 705 106
111 21.16 99.90 121.06 3.57 1.00 62.33 750 103
112 21.16 101.00 122.16 3.60 1.00 62.33 770 101
113 21.16 102.00 123.16 3.63 1.00 62.33 720 104
114 21.16 103.10 124.26 3.66 1.00 62.33 708 104
115 21.16 104.40 125.56 3.70 1.00 62.33 720 104
116 21.16 105.70 126.86 3.7h4 1.00 62.33 7u8 102
17 21.16 107.00 128.16 3.77 1.00 62.33 750 102
118 21.16 108.30 129.46 3.81% 1.00 62.33 48 102
119 21.16 109.60 130.76 3.85 1.00 62.33 780 100
120 21.16 110.90 132.06 3.89 1.00 62.33 75h 100




fable B.12: Raw and Computed Results for Run§ 23

(hot water with solvent slug=20.14 %4THPV, Q=1 cc/min).

27

Ui

Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPY ZLTHRV) Psi oC
1 0.00 0.00 0.00 0.00 0.00 0.00 12 108
2 0.00 0.00 0.00 0.00 0.00 0.00 13 110
3 0.00 0.00 0.00 0.00 0.00 0.00 15 113
L} 0.00 6.00 0.00 0.00 0.00 0.00 2h 116
5 0.00 0.00 0.00 0.00 0.00 0.00 28 124
6 0.00 0.00 0.00 0.00 0.00 0.00 36 127
7 0.00 0.00 0.00 0.00 0.00 0.00 19 119
8 0.00 0.00 0.00 0.00 0.00 0.00 67 (RN
9 0.00 0.00 0.00 0.00 0.00 0.00 89 110
10 0.00 0.00 0.00 0.00 0.00 0.00 124 104
11 0.00 0.00 0.00 0.00 0.00 0.00 212 101
12 0.00 0.00 0.00 0.00 0.00 0.00 110 100
13 1.50 0.00 1.50 0.05 0.00 .63 T 122
1y 3.50 0.00 3.50 0.11 0.00 10.80 50 Thiy
15 5.10 0.00 5.10 0.16 0.00 15.73 I 134
16 6.70 0.00 6.70 0.21 0.00 20.67 36 124
17 8.20 0.00 8.20 0.25 0.00 25.29 h3 118
18 9.20 0.00 9.20 0.28 0.00 28.38 50 114
19 10.20 0.00 10.20 0.31 0.00 31.46 68 110
20 11.10 0.00 11.10 0.34 0.00 3n.2h I 107
21 12.12 0.00 12.12 0.37 0.00 37.38 79 107
22 12.92 0.00 - 12.92 0.40 0.00 39.85 n 107
23 .62 0.00 14.42 0.uh 0.00 iy 48 68 124
24 16.02 0.00 16.02 0.49 0.00 ho. .t 67 130
25 17.42 0.00 17.42 0.5 0.00 53.73 62 130
26 17.72 0.60 18.32 0.57 0.67 5h.66 64 127
27 17.97 1.70 19.67 0.61 0.81 55.43 66 126
28 18.16 2.60 20.76 0.64 0.83 56.01 (] 124
29 18.28 3.70 21.98 0.68 0.90 56.38 67 123
30 18.44 .70 23.1 0.71 0.86 56.88 67 122
31 18.54 6.00 2u4.54 0.76 0.93 57.19 6i 122
32 18.65 7.20 25.85 0.80 0.92 57.53 66 122
33 18.75 8.40 27.15 0.84 0.92 57.83 65 123
34 18.79 9.60 28.39 0.88 0.97 57.96 65 123
35 18.86 10.70 29.56 0.91 0.94 58.17 66 124
36 18.92 11.70 30.62 0.9h 0.94 58.36 6N 125
37 18.92 13.00 31.92 0.98 1.00 58.36 65 126
38 19.02 14.40 33.42 1.03 0.93 58.67 65 126
39 19.02 15.70 34.72 1.07 1.00 58.67 62 128
4o 19.11 16.90 36.01 1.1 0.93 58.95 65 126




Table B.12: Continued.

Time Np Wp Wi Qiw 12%) Rt P T
min cc cc cc THPV G THPV) Psi %
LR 19.16 18.10 37.26 1.15 0.96 59.10 65 127
42 19.21 19.30 38.51 1.19 0.96 59.25 63 127
h3 19.28 20.60 39.88 1.23 0.95 59.47 65 126
iy 19.36 21.90 k1.26 1.27 0.94 59.72 6h 127
us 19.36 23.10 2,46 .31 1.00 59.72 Gl 127
46 19.43 24.40 43.83 1.35 0.95 59.93 65 128
W7 19.47 25.70 45.17 1.39 0.97 60.06 63 128
U] 19.47 26.90 46.37 1.43 1.00 60.06 63 128
49 19.57 28.20 b7.77 1.47 0.93 60.36 65 128
50 19.57 29.50 49.07 1.51 1.00 60.36 61 126
51 19.61 30.80 50.41 1.55 0.97 60.1h9 G6h 123
52 19.61 32.10 51.71 1.60 1.00 60.149 61 122
53 19.65 33.30 52.95 1.63 0.97 60.61 6h 121
54 19.65 34.50 54.15 1.67 1.00 60.61 61 120
55 19.65 35.70 55.35 1.7 1.00 60.61 65 118
56 19.72 36.80 56.52 1.74 0.94 60.83 62 118
57 19.72 38.00 57.72 1.78 1.00 60.83 65 17
58 19.81 39.10 58.91 1.82 0.92 61.10 63 17
59 19.81 40.20 60.01 1.85 1.00 61.10 64 115
60 19.86 41.40 61.26 1.89 0.96 61.26 64 115
61 19.86 §2.70 62.56 1.93 1.00 61.26 63 115
62 19.86 43.90 63.76 1.97 1.00 61.26 65 115
63 19.96 45.20 65.16 2.01 0.93 61.57 62 115
64 19.96 46.50 66.146 2.05 1.00 61.57 65 11k
65 19.96 L7.60 67.56 2.08 1.00 61.57 61 114
66 20.13 48.80 68.93 2.13 0.88 62.09 65 1n
67 20.13 50.10 70.23 2.17 1.00 62.09 61 14
68 20.13 51.40 71.53 2.21 1.00 62.09 65 113
69 20.13 52.60 72.73 2.24 1.00 62.09 63 113
70 20.23 53.70 73.93 2.28 0.92 62.40 6h 113
71 20.23 54.90 75.13 2.32 1.00 62.40 65 113
72 20.23 56.10 76.33 2.35 1.00 62.140 6h 113
73 20.29 57.30 77.59 2.39 0.95 62.58 65 112
h 20.29 58.40 78.69 2.43 1.00 62.58 62 112
75 20.34 59.50 79.84 2.6 0.96 62.74 65 112
76 20.3n0 60.70 81.04 2.50 1.00 62.7h 62 112
77 20.37 61.80 82.17 2.53 0.97 62.83 oh 111
78 20.37 62.80 83.17 2.57 1.00 62.83 63 112
79 20.37 63.90 8h.27 2.60 1.09 62.83 65 111
80 20.42 65.10 85.52 2.64 0.96 62.99 62 112




Table B.12: Continued.

Time Np Wp Wi Qiw FW Rt P T
min ce cc cc THPYV R(THPV) Psi %
81 20.42 66.20 86.62 2.67 1.00 62.99 63 111
82 20.42 67.40 87.82 2.71 1.00 62.99 6h 11
83 20.44 68.60 89.04 2.75 0.98 63.05 63 111
84 20.49 69.80 90.29 2.79 0.96 63.20 65 111
85 20.49 70.90 91.39 2.82 1.00 63.20 68 111
86 20.49 72.20 92.69 2.86 1.00 63.20 69 111
87 20.49 73.50 93.99 2.90 1.00 63.20 69 112
88 20.54 7u.70 95.24 2.94 0.96 63.36 69 115
89 20.59 76.00 96.59 2.98 0.96 63.51 638 125
90 20.59 77.20 97.79 3.02 1.00 63.51 63 129
91 20.59 78.50 99.09 3.06 1.00 63.51 63 128
92 20.69 79.70 100.39 3.10 0.92 63.82 61 128
93 20.79 81.00 101.79 3.14 0.93 6h.13 63 125
94 20.79 82.20 102.99 3.18 1.00 6h.13 6l 124
95 20.79 83.40 104.19 3.21 1.00 6h.13 62 123
96 20.86 84.60 105.46 3.25 0.94 611,34 65 121
97 20.86 85.80 106.66 3.29 1.00 Gh.3h 65 121
98 20.86 87.20 108.06 3.33 1.00 6h .30 65 120
99 20.86 88.30 109.16 3.37 1.00 64.31 67 120
100 20.86 89.30 110.16 3.40 1.00 6h .34 63 119
101 20.86 90.50 111.36 3.43 1.00 6h. 30 66 118
102 20.86 91.60 112.46 3.47 1.00 6h.3h 66 118
103 20.86 92.80 113.66 3.51 1.00 64.30 61 118
104 20.86 93.90 114.76 3.5h 1.00 6h.3h 67 118
105 20.86 95.20 116.06 3.58 1.00 6l . 30 66 118
106 20.86 96.40 117.26 3.62 1.00 6h.3h 66 118
107 20.86 97.60 118.46 3.65 1.00 6l 34 67 118
108 20.86 98.80 119.66 3.69 1.00 6h. 31 Gh 118
109 20.86 100.00 120.86 3.73 1.00 Gh.3h 67 118
110 20.86 10t.30 122.16 3.77 1.00 6lt. 34 66 118
111 20.86 102.40 123.26 3.80 1.00 Gh.3h 65 118
112 20.86 103.70 124.56 3.84 1.00 6h.3h 67 118
113 20.86 104.80 125.66 3.88 1.00 Gh. 30 Gh 119
114 20.86 105.90 126.76 3.91 1.00 6. 30 66 118
115 20.86 107.20 128.06 3.95 1.00 6L 34 67 120
116 20.86 108.40 129.26 3.99 1.00 6N .30 6h 120
117 20.86 109.50 130.36 L.02 1.00 Gl 3h 68 120
118 20.86 110.70 131.56 k.06 1.00 Gl . 3h 66 119
119 20.86 111.80 132.66 .09 1.00 6. 3h 66 118
120 20.86 113.00 133.86 4.13 1.00 6, 30 68 118




[An]
~J
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Table B.13: Raw and Computed Resuits for Runy 24
(hot water with solvent stug=24.75 %THPV, Q=1 cc/min).

Time Np ¥Wp Wi Qiw W Rt P T
min cc cc ce THPY %(THPV) Psi ¢

1 0.00 0.00 0.00 0.00 0.00 0.00 3 166

2 0.00 0.00 0.00 0.00 0.00 0.00 11 110

3 0.00 0.00 0.00 0.00 0.00 0.00 1 114

i 0.00 0.00 0.00 0.00 0.00 0.00 17 117

5 0.00 0.00 0.00 0.00 0.00 0.00 22 122

6 0.00 0.00 0.00 0.00 Q.00 0.00 29 119

7 0.00 0.00 0.00 0.00 0.00 0.00 {{14] 113

8 0.00 0.00 0.00 0.00 0.00 0.00 55 108

9 0.00 0.00 0.00 0.00 0.00 0.00 7 104
10 0.00 0.00 0.00 0.00 0.00 0.00 102 100
" 0.00 0.00 0.00 0.00 0.00 0.00 154 96
12 0.00 0.00 0.00 0.00 0.00 0.00 260 93
13 2.00 0.00 2.00 0.06 0.00 6.16 375 90
14 3.90 0.00 3.90 0.12 0.00 12.01 128 88
15 5.90 0.00 5.90 0.18 0.00 18.17 78 104
16 7.40 0.00 7.40 0.23 0.00 22.78 63 138
17 8.80 0.00 8.80 0.27 0.00 27.09 59 132
18 10.10 0.00 10.10 0.31 0.00 31.10 59 128
19 11.30 0.c0o 11.30 0.35 0.00 3n.79 58 124
20 12.60 0.00 12.60 0.39 0.00 38.79 62 121
21 13.90 0.00 13.90 0.43 0.00 h2.80 66 120
22 15.40 0.00 15.40 0.47 0.00 u7.41 68 118
23 16.60 0.00 16.60 0.51 0.00 51.11 68 122
24 17.35 0.32 17.67 0.54 0.30 53.h2 62 126
25 17.64 1.42 19.06 0.59 0.79 54,31 64 124
26 17.68 2.32 20.00 0.62 0.96 5h.43 62 122
27 17.83 3.32 21.15 0.65 0.87 51.90 62 121
28 17.98 4.42 22.40 0.69 0.88 55.36 6h 119
29 18.10 5.42 23.52 0.72 0.89 55.73 62 118
30 18.23 6.62 24.85 0.77 0.90 56.13 62 118
31 18.34 7.72 26.06 0.80 0.91 56.47 65 117
32 18.45 8.92 27.37 0.84 0.92 56.80 62 117
33 18.52 10.12 28.64 0.88 0.94 57.02 63 115
3u 18.58 11.22 29.80 0.92 0.95 57.20 65 114
35 18.62 12.32 30.94 0.95 0.96 57.33 63 115
36 18.85 13.62 32.47 1.00 0.85 58.01 6h 11y
37 18.95 14.72 33.67 1.04 0.92 58.3h 66 114
38 19.01 15.92 34.93 1.08 0.95 58.53 66 113
39 19.12 17.02 36.14 1.11 0.91 58.87 63 113
ho 19.23 18.22 37.45 1.15 0.92 59.21 66 113




Tahte B.13: Continued.

Time Np Wp Wi Qiw w Rt P T
min cc cec cc THPYV WTHPV) Psi :(!‘
n 19.23 19.32 38.55 1.19 1.00 59.21 65 My
42 19.34 20.52 39.86 1.23 0.92 59.54 63 114
h3 19.40 21.72 yi1.12 1.27 0.95 59.73 66 113
hy 19.40 22.82 42 22 1.30 1.00 59.73 66 113
u5 19.56 24,02 43.58 1.34 0.88 60.22 &h 113
ue6 19.61 25.22 h4hy.83 1.38 0.96 60.38 66 113
u7 19.71 26.22 45.93 1.41 0.9 60.68 66 112
u8 19.82 27.32 L7.14 1.45 0.9 61.02 6l 112
49 19.82 28.42 48.24 1.49 1.00 61.02 66 112
50 19.82 29.52 49,34 1.52 1.00 61.02 66 112
51 19.93 30.62 50.55 1.56 0.91 61.36 (Y] 112
52 19.96 31.82 51.78 1.59 0.98 61.45 65 112
53 20.01 33.02 53.03 1.63 0.96 61.61 66 112
54 20.03 34,22 54.25 1.67 0.98 61.67 63 e
55 20.10 35.42 55.52 1.7t 0.94 61.88 65 112
56 20.13 36.52 56.65 1.74 0.97 61.98 66 112
57 20.18 37.72 57.90 1.78 0.96 62.13 63 112
58 20.22 38.72 58.94 1.81 0.96 62.25 65 112
59 20.22 39.82 60.04 1.85 1.00 62.25 66 112
60 20.28 40.92 61.20 1.88 0.95 62.44 63 112
61 20.32 42.02 62.34 1.92 0.96 62.56 65 112
62 20.43 43.12 63.55 1.96 0.91 62.90 66 112
63 20.50 4y, 32 64.82 2.00 0.94 63.12 6h 11y
64 20.50 45,42 65.92 2.03 1.00 63.12 65 113
65 20.62 46.52 67.14 2.07 0.90 €3.49 67 113
66 20.70 47.72 68.42 2.1 0.94 63.73 66 113
67 20.70 48.92 69.62 2.14 1.00 63.73 66 112
68 20.75 50.12 70.87 2.18 0.96 63.89 68 112
69 20.75 51.22 71.97 2.22 1.00 63.89 66 112
70 20.80 52.22 73.02 2.25 0.95 Gh. 0N 66 112
71 20.80 53.32 TH.12 2.28 1.00 6h. 0N 68 112
72 20.80 5h. 42 75.22 2.32 1.00 6h. 0l 66 112
73 20.86 55.52 76.38 2.35 0.95 64,22 66 112
7h 20.86 56.72 77.58 2.39 1.00 6h. 22 67 113
75 20.89 57.92 78.81 2.43 0.98 6h.32 66 113
76 20.92 59.12 80.04 2.46 0.98 6h. i1 (] 113
77 20.98 60.32 81.30 2.50 0.95 64,59 66 113
78 20.98 61.42 82.40 2.54 1.00 6h.59 66 114
79 21.03 62.42 83.145 2.57 0.95 61h.75 63 114
80 21.03 63.42 8h. .45 2.60 1.00 6h. 75 66 114




fable B.13: Continued.

Time Np Wp Wi Qiw At Rt P T
min cc cc cc THPV ZLTHPV) Psi c;(‘.
81 21.13 64.62 85.75 2.64 0.92 65.06 65 11
82 21,13 65.82 86.95 2.68 1.00 65.06 62 115
83 21.17 66.92 88.09 2.71 0.96 65.18 6h 116
84 21.20 68.02 89.22 2.75 0.97 65.27 6h 116
85 21.20 69.22 90.42 2.78 1.00 65.27 62 116
86 21.25 70.42 91.67 2.82 0.96 65.h2 65 116
87 21.30 71.62 92.92 2.86 0.96 65.58 65 116
88 21.32 72.62 93.94 2.89 0.98 65.6h 62 116
89 21.37 73.72 95.09 2.93 0.96 65.79 6h 116
90 21.37 .82 96.19 2.96 1.00 65.79 65 116
91 21.42 75.92 97.34 3.00 0.96 65.95 62 116
92 21.47 77.12 98.59 3.04 0.96 66.10 Gl 116
93 21.52 78.32 99.84 3.07 0.96 66.26 64 116
94 21.55 79.42 100.97 3.11 0.97 66.35 62 116
95 21.59 80.52 102.11 3.14 0.96 66. 047 6h 116
96 21.63 81.52 103.15 3.18 0.96 66.59 65 116
97 21.63 82.72 104. 35 3.2 1.00 66.59 62 116
98 21.68 83.92 105.60 3.25 0.96 66.75 63 116
99 21.68 84.92 106.60 3.28 1.00 66.75 65 116
100 21.70 85.92 107.62 3.31 0.98 66.81 62 116
101 21.72 87.02 108.74 3.35 0.98 66.87 63 116
102 21.72 88.12 109.84 3.38 1.00 66.87 [ 116
103 21.72 89.12 110.84 3.41 1.00 66.87 63 116
104 21.72 90.12 111.84 3.4h 1.00 66.87 63 116
105 21.72 91.22 112.94 3.48 1.00 66.867 65 116
106 21.72 92.42 11,14 3.51 1.00 66.87 Gh 116
107 21.72 93.62 115.34 3.55 1.00 66.87 62 116
108 21.72 94.72 116.44 3.58 1.00 66.87 65 115
109 21.72 95.82 117.54 3.62 1.00 66.87 6l 114
110 21.72 97.02 118.74 3.66 1.00 66.87 62 114
mm 21.72 98.12 119.84 3.69 1.00 66.87 65 115
112 21.72 99.32 121.08 3.73 1.00 66.87 65 115
113 21.72 100.42 122. 14 3.76 1.00 66.87 62 116
114 21.72 101.52 123.2h 3.79 1.00 66.87 63 115
115 21.72 102.62 124, 34 3.83 1.00 66.87 Gl 116
116 21.72 103.72 125.44 3.86 1.00 66.87 61 116
117 21.72 104.82 126.54 3.90 1.00 66.87 62 116
118 21.72 106.02 127.74 3.93 1.00 66.87 65 116
119 21.72 107.22 128.94 3.97 1.00 G6.87 62 116
120 21.72 108.42 130. 10 4.01 1.00 66.87 6l 115




fahie B.14: Raw and Computed Results for Rung 16

(cotld water, no tar, no solvent, Q=1 cc/min).

i
O
falys

Time Np Wp Wi Qiw FW Rt T
min ce cc ce THPY Z(THPV) Psi %

1 0.00 0.00 0.00 0.00 0.00 0.00 2 22

2 0.00 0.00 0.00 0.00 0.00 0.00 2 22

3 0.00 0.00 0.00 0.00 0.00 0.00 3 22

y 0.80 0.00 0.80 0.04 0.00 3.92 4 22

5 1.80 0.00 1.80 0.09 0.00 8.82 I 22

6 2.80 0.00 2.80 0.1n 0.00 13.72 u 22

7 3.80 0.00 3.80 0.19 0.00 18.62 5 22

8 .80 0.00 u.80 0.24 0.00 23.52 5 22

9 5.80 0.00 5.80 0.28 0.00 28.42 5 22
10 6.80 0.00 6.80 0.33 0.00 33.32 5 22
1" 7.80 0.00 7.80 0.38 0.00 38.22 5 22
12 8.90 0.00 8.90 0.4 0.00 u3.61 5 22
13 9.90 0.00 9.90 0.49 0.00 43.51 5 22
1 10.90 0.00 10.90 0.53 0.00 53.41 5 22
15 11.90 0.0 11.90 0.58 0.00 58.30 5 22
16 12.90 0.00 12.90 0.63 0.00 63.20 6 22
17 13.90 0.00 13.90 0.68 0.00 68.10 6 22
18 14.33 1.40 15.73 0.77 0.77 70.21 6 22
19 1,33 2.50 16.83 0.82 1.00 70.21 6 22
20 14.39 3.70 18.09 0.89 0.95 70.50 6 22
21 14.39 4.80 19.19 0.94 1.00 70.50 6 22
22 1446 5.80 20.26 0.99 0.93 70.85 6 22
23 14,46 6.80 21.26 1.04 1.00 70.85 6 22
24 14.51 7.70 22.21 1.09 0.95 71.09 6 22
25 .51 8.90 23.41 1.15 1.00 71.09 6 22
26 14.56 9.90 24,46 1.20 0.95 71.34 6 22
27 14.56 11.00 25.56 1.25 1.00 71.34 6 22
28 14,64 12.00 26.64 1.31 0.93 71.73 6 22
29 14,64 13.10 27.74 1.36 1.00 71.73 6 21
30 1460 14.20 28.84 . 1.00 71.73 6 24
31 .68 15.20 29.88 1.46 0.96 71.93 6 21
32 11.68 16.30 30.98 1.52 1.00 71.93 6 2n
33 14.72 17.30 32.02 1.57 0.96 72.12 6 21
3L 14.72 18.50 33.22 1.63 1.00 72.12 6 24
35 14,72 19.80 34.52 1.69 1.00 72.12 6 24
36 14.77 20.90 35.67 1.75 0.96 72.37 6 20
37 1m.77 22.00 36.77 1.80 1.00 72.37 6 24
38 14.77 23.10 37.87 1.86 1.00 72.37 6 2n
39 14,77 24.20 38.97 1.91 1.00 72.37 6 24
uo 14.85 25.30 %0.15 1.97 0.93 72.76 6 24




Table B.14: Continued.

282

Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPV Z(THPV) Psi %
i1 14.85 26.40 41.25 2.02 1.00 72.76 6 24
h2 14.85 27.60 42.45 2.08 1.00 72.76 6 24
43 14.85 28.60 43.45 2.13 1.00 72.76 6 24
Ly 14.85 29.70 44 .55 2.18 1.00 72.76 6 24
us 14.85 30.80 45.65 2.24 1.00 72.76 6 24
e 14.92 31.80 h6.72 2.29 0.93 73.10 6 2h
h7 1,92 32.90 47.82 2.34 1.00 73.10 6 2y
18 14.92 34.00 48.92 2.40 1.00 73.10 6 24
49 14.92 35.10 50.02 2.45 1.00 73.10 6 24
50 14.92 36.30 51.22 2.51 1.00 73.10 6 24
51 14.92 37.40 52.32 2.56 1.00 73.10 6 24
52 14.92 38.50 53.42 2.62 1.00 73.10 6 24
53 15.01 39.50 54.51 2.67 0.92 73.54 6 24
Sh 15.01 40.60 55.61 2.72 1.00 73.54 6 24
55 15.01 41.70 56.71 2.78 1.00 73.5h 6 24
56 15.01 §2.90 57.91 2.84 1.00 73.54 6 24
57 15.01 44.00 59.01 2.89 1.00 73.54 6 2y
58 15.01 45.10 60.11 2.95 1.00 73.54 6 24
59 15.01 g, 30 61.31 3.00 1.00 73.54 6 24
60 15.01 . §7.40 62.41 3.06 1.00 73.54 6 2y
61 15.01 48.50 63.51 3.1 1.00 73.54 6 24
62 15.04 49.50 64.54 3.16 0.97 73.69 6 24
63 15.04 50.60 65.64 3.22 1.00 73.69 6 24
64 15.04 51.70 66.74 3.27 1.00 73.69 6 24
65 15.04 52.80 67.84 3.32 1.00 73.69 6 24
66 15.04 53.80 68.84 3.37 1.00 73.69 6 24
67 15.04 54.90 €69.94 3.43 1.00 73.69 6 24
68 15.04 56.00 71.04 3.48 1.00 73.69 6 24
69 15.04 57.00 72.04 3.53 1.00 73.69 6 24
70 15.04 58.10 73.14 3.58 1.00 73.69 6 24
71 15.04 59.30 4. 34 3.64 1.00 73.69 6 24
72 15.04 60.40 75.44 3.70 1.00 73.69 [ 24
73 15.12 51.40 76.52 3.75 0.93 7h.08 5 2h
IL] 15.12 62.40 77.52 3.80 1.00 h.08 5 24
5 15.12 63.50 78.62 3.85 1.00 74.08 5 24
76 15.12 64.50 79.62 3.90 1.00 7h.08 5 24
77 15.12 65.60 80.72 3.95 1.00 74.08 5 2y
78 15.12 66.70 81.82 4.01 1.00 74.08 5 24
79 15.12 67.80 82.92 h.06 1.00 74.08 5 2h
80 15.12 68.90 84.02 4.12 1.00 74.08 5 24




Tahle B.14: Continuved.

233

Time Np vp Wi Qiw FW Rt P T
min ce cc cc THPV F(THPV) Psi e
81 15,12 70.00 85.12 8.17 1.00 74.08 5 25
82  15.12 71.00 86.12 .22 1.00 74.08 5 2n
83  15.12 72.00 87.12 u.27 1.00 74.08 5 2y
8 15.12 73.00 88.12 .32 1.00 74.08 5 24
85  15.12 74.10 89.22 4.37 1.00 714.08 5 24
86  15.12 75.20 90.32 4.43 1.00 74.08 5 24
87  15.12 76.30 91.42 4.u8 1.00 71.08 5 2y
88  15.12 77.40 92.52 4.53 1.00 74.08 5 24
89  15.20 78.30 93.50 4.58 0.92 m.u7 5 2
90  15.20 79.40 94.60 4.63 1.00 .7 5 24
91 15.20 80.50 95.70 .69 1.00 Th.47 5 24
92  15.20 81.60 96.80 b7 1.00 447 5 2y
93  15.20 82.70 97.90 4.80 1.00 7h.47 5 2n
94 15.20 83.80 99.00 4.85 1.00 7447 5 2y
95  15.20 84.90 100.10 4.90 1.00 m.on7 5 24
96  15.20 86.00 101.20 4.96 1.00 ™.t 5 2y
97  15.20 87.10 102.30 5.01 1.00 7447 5 24
98  15.20 88.20 103.40 5.07 1.00 T4.47 5 24
99  15.20 89.30 104.50 5.12 1.00 ™7 5 2
100  15.20 90.40 105.60 5.17 1.00 IRy 5 2u




Table B.15: Raw and Computed Results for Run# 17

(cold water, no tar, no solvent, Q= 2 ce/min),

234

Time Np Hp Wi Qiw FW Rt P T

©

min cc cc cc TPV %Z(THPV) Psi C
1 0.00 0.00 0.00 0.00 0.00 0.00 6 22
2 .00 0.00 0.00 0.00 0.00 0.00 9 22
3 0.50 0.00 0.50 0.02 0.00 2.50 11 22
y 2.00 0.00 2.00 0.10 0.00 9.98 13 22
5 3.90 0.00 3.90 0.19 0.00 19.46 13 22
6 5.80 0.00 5.80 0.29 0.00 28.94 il 22
7 7.90 0.00 7.90 0.39 0.00 39.42 1h 22
8 9.70 0.00 9.70 0.48 0.00 48.40 K 22
9 11.30 0.00 11.30 0.56 0.00 56.39 h 22
10 12.70 0.00 12.70 0.63 0.00 63.37 1 22
1 12.87 1.60 .47 0.72 0.90 6h .22 14 22
12 12.94 3.30 16.24 0.81 0.96 64.57 14 22
i3 12.96 5.20 18.16 0.91 0.99 6h.67 1 22
14 13.02 7.10 20. 12 1.00 0.97 6h4.97 h 22
*5 13.06 9.10 22.16 1.1 0.98 65.17 14 22
16 13.10 11.10 24.20 1.21 0.98 65.37 13 22
17 13.17 13.00 26.17 1.31 0.96 65.72 13 22
'8 13.18 15.00 28.18 1.4 1.00 65.77 13 22
19 13.18 16.90 30.08 1.50 1.00 65.77 13 22
20 13.26 18.70 31.96 1.59 0.96 66.17 13 22
21 13.26 20.60 33.86 1.69 1.00 66.17 13 22
22 13.34 22.40 35.74 1.78 0.96 66.57 13 22
23 13.38 24.20 37.58 1.88 0.98 66.77 13 22
24 13.38 26.20 39.58 1.98 1.00 66.77 13 22
25 13.43 28.00 41,43 2.07 0.97 67.02 13 22
26 13.43 30.00 43.43 2.17 1.00 67.02 13 22
27 13.43 31.90 45,33 2.26 1.00 67.02 13 22
28 13.43 33.70 47.13 2.35 1.00 67.02 13 22
29 13.43 35.70 49.13 2.45 1.00 67.02 13 22
30 13.43 37.70 51.13 2.55 1.00 67.02 13 22
31 13.50 39.50 53.00 2.64 0.96 67.37 13 22
32 13.50 41.40 54,90 2.74 1.00 67.37 13 22
33 13.50 43.30 56.80 2.83 1.00 67.37 13 22
3y 13.58 45.20 58.78 2.93 0.96 67.76 13 22
35 13.58 47.10 60.68 3.03 1.00 67.76 13 22
36 13.58 148.90 62.48 3.12 1.00 67.76 13 22
37 13.58 50.80 64,38 3.21 1.00 67.76 13 22
38 13.66 52.60 66.26 3.31 0.96 68.16 13 24
39 13.66 54.50 68.16 3.40 1.00 68.16 13 24
40 13.66 56.40 70.06 3.50 1.00 68.16 13 2h




fable B.15: Continued.

Time Np Wp Wi Qiw FW Rt P T

min cec cec cec THPV %(THPV) Psi oC
1 13.66 58.40 72.06 3.60 1.00 68.16 13 24
u2 13.72 60.10 73.82 3.68 0.97 68.46 13 24
43 13.72 62.10 75.82 3.78 1.00 68.46 13 24
Ly 13.72 64.20 77.92 3.89 1.00 68.46 13 24
s 13.72 66.30 80.02 3.99 1.00 68.46 13 24
46 13.72 68.40 82.12 §.10 1.00 68.46 13 2h
¥4 13.72 70.30 84.02 4.19 1.00 68.46 13 24
u8 13.72 72.40 86.12 h.30 1.00 68.46 13 2h
49 13.72 74.40 88.12 4.40 1.00 68.46 13 24
50 13.72 76.40 90.12 4.50 1.00 68.46 13 2y
51 13.72 78.40 92.12 h.60 1.00 68.46 13 24
52 13.72 80.50 9. 22 4.70 1.00 68.46 13 24
53 13.72 82.50 96.22 .80 1.00 68.46 13 24
54 13.78 84.40 98.18 .90 0.97 68.76 13 24
55 13.78 86.40 100.18 5.00 1.00 68.76 13 24
56 13.78 88.50 102.28 5.10 1.00 68.76 13 24
57 13.78 90.50 104.28 5.20 1.00 68.76 13 24
58 13.82 92.60 106.42 5.31 0.98 68.96 13 24

© 59 13.82 94.50 108.32 5.41 1.00 68.96 13 24
60 13.82 96.40 110.22 5.50 1.00 68.96 13 24
61 13.88 98.20 112.08 5.59 0.97 69.26 13 24
62 13.88 1090.10 113.98 5.69 1.00 69.26 13 24
63 13.38 102.00 115.88 5.78 1.00 69.26 13 24
cu 13.88 103.90 117.78 5.88 1.00 69.26 13 24
65 13.88 105.90 119.78 5.98 1.00 69.26 13 24
66 13.86 107.90 121.78 6.08 1.00 69.26 13 24
67 13.88 109.90 123.78 6.18 1.00 69.26 13 24
68 13.88 112.00 125.88 6.28 1.00 69.26 13 24
69 13.88 114.10 127.98 6.39 1.00 69.26 13 24
70 13.88 116.20 130.08 6.49 1.00 69.26 13 24
71 13.96 118.10 132.06 6.59 0.96 69.66 13 24
72 13.96 120.20 134.16 6.69 1.00 69.66 13 24
3 13.96 122.20 136.16 6.79 1.00 69.66 13 2y
4 .00 124.20 138.20 6.90 0.98 69.86 13 24
5 14.00 126.20 140.20 7.00 1.00 69.86 13 24
76 14.00 128.20 142.20 7.10 1.00 69.86 13 24
17 14.00 130.30 144.30 7.20 1.00 69.86 13 24
78 .00 132.00 146.00 7.29 1.00 69.86 13 24
79 14.00 134.00 148.00 7.39 1.00 69.86 13 24
80 14.00 136.00 150.00 7.49 1.00 69.86 13 24




Table B.16: Raw and Computed Results ror'nun# 18

(cold water, no tar, solvent, Q=4 cc/min),

286

Time Np Wp Wi Qiw FW Rt P T
min cc ce ce THPY %(THPY) Psi %
1 0.00 0.00 0.00 0.00 0.00 0.00 6 18
2 0.00 0.00 0.00 0.00 0.00 0.00 12 18
3 1.65 0.00 1.65 0.08 0.00 8.0 17 18
" 4.05 0.00 4.05 0.20 0.00 19.73 19 22
5 6.55 0.00 6.55 0.32 0.00 31.90 21 2n
6 9.25 0.00 9.25 .45 0.00 45.06 24 21
7 11.85 0.00 11.85 0.58 0.00 57.72 27 24
8  13.15 0.00 13.15 0.64 0.00 64.05 29 2n
9  13.35 2.80 16.15 0.79 0.93 65.03 30 2y
10 13.47 5.80 19.27 0.94 0.96 65.61 32 24
11 13.50 9.50 23.00 1.12 0.99 65.76 33 24
12 13.51 13.30 26.81 1.31 1.00 65.81 3 an
13 13.51 17.20 30.71 1.50 1.00 65.81 34 24
14 3.56 21.00 34.56 1.68 0.99 66.05 35 24
15 13.56 24,80 38.36 1.87 1.00 66.05 35 2y
16 13.62 28.50 42,12 2.05 0.98 66. 34 35 21
17 13.62 32.60 46.22 2.25 1.00 66.31 35 24
18 13.62 36.40 50.02 2.41 1.00 66.34 35 24
19 13.69 40.10 53.79 2.62 0.98 66.68 35 24
20 13.69 u4.00 57.69 2.87 1.00 66.68 36 21
21 13.69 47.90 61.59 3.00 1.00 66.68 36 24
22 13.69 51.70 65.39 3.19 1.00 66.68 37 2y
23 13.69 55.70 69.39 3.38 1.00 66.68 37 21
24 13,69 59.50 73.19 3.57 1.00 66.68 37 24
25  13.69 63.20 76.89 3.75 1.00 66.68 37 2n
26  13.74 67.00 80.74 3.93 0.99 66.93 38 24
27 13.74 70.70 8l ul 4,11 1.00 66.93 38 24
28 13.78 74.50 88.28 4.30 0.99 67.12 38 2n
29 13.78 78.10 91.88 4.48 1.00 67.12 38 24
30 13.78 81.80 95.58 .66 1.00 67.12 38 24y
31 13.78 85.40 99.18 4.83 1.00 67.12 38 21
32 13,78 89.10 102.88 5.01 1.00 67.12 38 2y
33 13.78 92.90 106.68 5.20 1.00 67.12 38 2L
38 13.78 96.60 110.38 5.38 1.00 67.12 38 24
35  13.78 100.40 114,18 5.56 1.00 67.12 38 21
36 13.81 104.30 118.11 5.75 0.99 67.27 38 2y
37 13.81 108.10 121.91 5.9n 1.00 67.27 38 24
38 13.81 111.90 125.71 6.12 1.00 67.27 37 21
39 13.81 115.80 129.61 6.31 1.00 67.27 37 2y
40 13.81 119.50 133.31 6.49 1.00 67.27 37 24




Iable B.17: Raw and Computed Results for Rung 13

)
w
~

(hot water , no tar, no solvent, Q=1 ce/min).,

Time Np Wp Wi Qiw W Rt T
min cc ce cc THPY B{THPY) Psi E’;

1 0.00 0.00 0.00 0.00 0.00 0.00 1 101
2 0.00 0.00 0.00 0.00 0.00 0.00 2 103

3 0.31 0.00 0.31 0.02 0.00 1.54 3 98
i 1.61 0.00 1.61 0.08 0.00 8.00 5 92
5 3.21 0.00 3. 21 0.16 0.00 15.95 6 89
6 h.h1 0.00 L. 0.22 0.00 21.92 6 108
7 5.71 0.00 5.71 0.28 0.00 28.38 6 104
8 6.91 0.00 6.91 0.34 0.00 3,34 6 97
9 8.21 0.00 8.21 0.m 0.00 ho.81 6 2288
10 9.71 0.00 9.7 0.us8 0.00 u8.26 6 91
11 11.21 0.00 11.21 0.56 0.00 55.72 6 192
12 11.91 0.00 11.91 0.59 0.00 59.19 6 110
13 i2.11 0.80 12.91 0.64 0.80 60.19 6 102
14 12.12 1.80 13.92 0.69 0.99 60.24 6 97
15 12. 14 3.00 15.14 0.75 0.98 60.3h 6 9u
16 12.20 L. uo 16.60 0.83 0.96 60.64U 6 91
17 12.22 5.70 17.92 0.89 0.98 60.74 6 94
18 12.32 7.00 19.32 0.96 0.93 61.23 6 95
19 12.38 8.40 20.78 1.03 0.96 61.53 6 92
20 12.46 9.70 22.16 1.10 0.94 61.93 6 91
21 12.51 11.10 23.61 1.17 0.97 62.18 6 89
22 12.55 12.70 25.25 1.25% 0.98 62.38 6 88
23 12.57 14.00 26.57 1.32 0.98 62.48 6 94
24 12.57 15.40 27.97 1.39 1.00 62.48 6 100
25 12.64 16.70 29.34 1.46 0.95 62.82 6 100
26 12.64 17.90 30.54 1.52 1.00 62.82 6 102
27 12.79 18.90 31.69 1.58 0.87 63.57 6 105
28 12.79 19.90 32.69 1.62 1.00 63.57 6 98
29 12.92 21.00 33.92 1.69 0.89 64.21 6 94
30 12.92 22.50 35.42 1.76 1.00 64.21 6 91
31 12.98 23.90 36.88 1.83 0.96 6l .51 6 38
32 12.98 25.40 38.38 1.91 1.00 64.51 6 89
33 12.98 26.70 39.68 1.97 1.00 614.51 6 96
34 13.08 27.70 h0.78 2.03 0.91 65.01 6 99
35 13.16 28.80 41.96 2.09 0.93 65.41 6 98
36 13.16 30.10 43.26 2.15 1.00 65.141 6 94
37 i3.16 31.50 4. 66 2.22 1.00 65.u41 6 21
38 13.16 32.80 45.96 2.28 1.00 65.41 6 88
39 13.22 3n.10 47.32 2.35 0.96 65.71 6 87
40 13.22 35.40 48.62 2.42 1.00 65.71 6 89




fabte B.17: Continued.

288

Time Np Wp Wi Qiw FW Rt T
min cc cc cc THPV Z(THPV) Psi é
LN 13.22 36.80 50.02 2.49 1.00 65.71 6 91
B2 13.29 38.10 51.39 2.55 0.95 66.05 6 99
43 13.29 39.60 52.89 2.63 1.00 66.05 6 97
hy 13.29 40.90 54.19 2.69 1.00 66.05 6 95
us 13.29 42.20 55.49 2.76 1.00 66.05 6 95
46 13.29 43.50 56.79 2.82 1.00 66.05 6 96
n7 13.35 L4, 80 58.15 2.89 0.96 66.35 6 95
48 13.45 L6.20 59.65 2.96 0.93 66.85 6 95
49 13.45 h7.40 60.85 3.02 1.00 66.85 6 oh
50 13.45 48.50 61.95 3.08 1.00 66.85 6 94
51 13.52 49,60 63.12 3.14 0.94 67.20 6 95
52 13.52 51.00 64.52 3.21 1.00 67.20 6 96
53 13.52 52.40 65.92 3.28 1.00 67.20 6 95
54 13.52 53.80 67.32 3.35 1.00 67.20 6 87
55 13.52 55.10 68.62 3.41 1.00 67.20 6 95
56 13.52 56.40 69.92 3.48 1.00 67.20 6 9y
57 13.52 57.70 71.22 3.54 1.00 67.20 6 95
58 13.52 59.00 72.52 3.60 1.00 67.20 6 95
59 13.5% 60.40 73.94 3.67 0.99 67.30 6 96
60 13.54 61.80 75.34 3.74 1.00 67.30 6 95
61 13.5% 63.20 76.74 3.81 1.00 67.30 6 98
62 13.5% 64.60 78. 14 3.88 1.00 67.30 6 100
63 13.54 66.00 79.54 3.95 1.00 67.30 6 99
64 13.54% 67.30 80.84 4.02 1.00 67.30 6 99
65 13.54 68.60 82.14 L.08 1.00 67.30 6 98
66 13.54 69.80 83.34 4.1y 1.00 67.30 6 97
67 13.54 70.90 8h.4y 4.20 1.00 67.30 6 95
68 13.54 72.10 85.64 L.26 1.00 67.30 6 97
69 13.54 73.50 87.04 4.33 1.00 67.30 6 97
70 13.54 74.90 88.44 L.y0 1.00 67.30 6 95
71 13.54 76.30 89.84 L.u7 1.00 67.30 6 on
72 13.63 77.50 91.13 4.53 0.93 67.7h 6 9n
73 13.63 78.70 92.33 4.59 1.00 67.74 6 95
T4 13.63 80.00 93.63 4.65 1.00 67.7h 6 26
5 13.63 81.40 95.03 .72 1.00 67.7h 6 97
76 13.63 82.80 96.43 L.79 1.00 67.74 6 97
77 13.63 84.20 97.83 4.86 1.00 67.7h 6 97
78 13.63 85.60 99.23 4.93 1.00 67.74 6 96
79 13.63 86.90 100.53 5.00 1.00 67.7h 6 100
80 13.63 88.30 101.93 5.07 1.00 67.71 6 102
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Tahle B.18: Raw and Computed Results for Rung 14
(hot water, no tar, no solvent, Q=2 ce/min),
Time Np Wp Wi Qiw W Rt p T
min cc cc cc THPV A(THPV) Psi %
1 0.00 0.00 0.00 0.00 0.00 0.00 12 104
2 0.00 0.00 0.00 0.00 0.00 0.00 1h 104
3 0.u40 0.00 0.40 0.02 0.00 2.06 18 107
y 1.30 0.00 1.30 0.07 0.00 6.70 14 106
5 3.00 0.00 3.00 0.15 0.00 15.47 18 100
6 4.80 06.00 4.80 0.25 0.00 2h.76 20 98
7 6.80 0.00 6.80 0.35 0.00 35.07 25 96 '
8 8.80 0.00 8.80 0.45 0.00 u5.38 26 96
9 10.80 0.00 10.80 0.56 0.00 55.70 2h 102
10 11.10 0.70 11.80 0.61 0.70 57.25% 2h 108
11 11.23 2.50° 13.73 0.71 0.93 57.92 24 108
12 11.57 4.20 15.77 0.81 0.83 59.67 23 112
13 11.57 6.10 17.67 0.91 1.00 59.67 22 111
14 11.63 8.00 19.63 1.01 0.97 59.98 20 108
15 11.73 10.00 21.73 1.12 0.95 60.50 21 103
16 11.95 11.70 23.65 1.22 0.89 61.63 22 101
17 11.95 13.50 25.45 1,31 1.00 61.63 22 100
18 11.95 15.60 27.55 1.42 1.00 61.63 22 99
19 11.95 17.60 29.55 i.52 1.00 61.63 22 100
20 11.95 19.60 31.55 .63 1.00 61.63 21 99
21 12.05 21.50 33.55 1.73 0.95 62.15 20 101
22 12.05 23.50 35.55 1.83 1.00 62.15 20 99
23 12.07 25.40 37.47 1.93 0.99 62.25 21 98
24 12.07 27.30 39.37 2.03 1.00 62.25 21 97
25 12.19 29.10 q1.29 2.13 0.94 62.87 21 98
26 12.19 31.00 h3.19 2.23 1.00 62.87 20 101
27 12.19 32.80 hyy. 99 2.32 1.00 62.87 17 93
28 12.29 34.80 47.09 2.43 0.95 63.38 19 92
! 29 12.29 36.70 48.99 2.53 1.00 63.38 19 91
; 30 12.29 38.50 50.79 2.62 1.00 63.38 19 20
31 12.29 40.50 52.79 2.72 1.00 63.38 21 99
32 12.39 42.30 5h. 69 2.82 0.95 63.90 16 99
33 12.39 L4y, 20 56.59 2.92 1.00 63.90 16 97
34 12.47 46.00 58.47 3.02 0.96 6h.31 17 93
35 12.56 47.90 60.46 3.12 0.95 6h.78 17 91
36 12.56 49.90 62.46 3.22 1.00 6h.78 18 90
37 12.56 51.90 64.46 3.32 1.00 6h.78 18 88
38 12.56 53.80 66.36 3.42 1.00 6h.78 19 88
39 12.64 55.70 68.34 3.52 0.96 65.19 20 87
1o 12.61 57.70 70.34 3.63 1.00 65.19 20 87




Table B.18: Continued.

Time Np Wp Wi Qiw FW Rt P T

min ceC ce cc THPV Z( THPV) Psi %
y1 12.74 59.70 72.44 3.74 0.95 65.70 20 87
n2 12.7h 61.80 74.54 3.84 1.00 65.70 20 87
n3 12.74 63.90 76.64 3.95 1.00 65.70 20 87
uy 12.84 65.70 78.54 k.05 0.95 66.22 19 87
us5 12.84 67.60 80. 44 4.15 1.00 66.22 20 87
hé 12.84 69.60 82.44 4,25 1.00 66.22 20 100
h7 12.84 71.70 84.54 4.36 1.00 66.22 19 104
ug 12.84 73.80 86.64 4.47 1.00 66.22 18 107
b9 12.84 75.80 88.64 4.57 1.00 66.22 18 107
50 12.84 77.70 90.54 4.67 1.00 66.22 18 107
51 12.84 79.70 92.54 4.77 1.00 66.22 18 107
52 12.84 81.60 qu. un 4.87 1.00 66.22 18 107
53 12.84 83.40 96.24 4.96 1.00 66.22 18 107
54 12.84 85.20 98.04 5.06 1.00 66.22 17 107




201
Table B.19: Raw and Computed Results for Run# 15

{hot water, no tar, no solvent, Q=8 cc/min).

Time Np Wo Wi Qiw FW Rt p T
min ce cc cc THPV Z{THPV) Psi c(,:
1 0.00 0.00 0.00 0.00 0.00 0.00 13 S0
2 1.00 0.00 1.00 0.05 0.00 h.98 20 96
3 4.00 0.00 4.00 0.20 0.00 19.90 2n 104
4 7.30 0.00 7.30 0.36 0.00 36.32 26 104
5 10.80 0.00 10.80 0.54 0.00 53.73 31 106
6 11.20 3.10 14.30 0.71 0.89 55.72 28 104
7 11.37 6.80 18.17 0.90 0.96 56.57 28 104
8 11.59 10.60 22.19 1.10 0.95 57.66 28 104
9 11.79 14.30 26.09 1.30 0.95 58.66 28 102
10 11.97 18.10 30.07 1.50 0.95 59.55 28 100
1 12.06 21.80 33.86 1.68 0.98 60.00 26 97
12 12.06 25.70 37.76 1.88 1.00 60.00 27 95
13 12.10 29.50 41.60 2.07 0.99 60.20 27 92
1 12.19 33.30 us5.49 2.26 0.98 60.65 26 90
15 12.29 37.20 49.49 2.u46 0.98 61.14 26 89
16 12.29 41.20 53.49 2.66 1.00 61.14 26 88
17 12.39 45.00 57.39 2.86 0.97 61.64 25 88
18 12.39 49.00 61.39 3.05 1.00 61.64 25 89
19 12.45 52.80 65.25 3.25 0.98 61.94 25 89
20 12.46 56.70 69.16 3.4y 1.00 61.99 25 90
21 12.51 60.70 73.21 3.64 0.99 62.24 26 93
22  12.58 64.60 77.18 3.84 0.98 62.59 - 25 96
23 12.58 68.60 81.18 u.o4 1.00 62.59 25 99
24 12.63 72.50 85.13 u.2y 0.99 62.84 2n 101
25 12.67 76.30 88.97 u.u3 0.99 63.03 2n 103
26 12.67 80.10 92.77 4.62 1.00 63.03 23 106
27 12.67 84.00 96.67 .81 1.00 63.03 22 104
28 12.77 87.90 100.67 5.01 0.98 63.53 23 103
29 12.79 91.80 104.59 5.20 0.99 63.63 23 102 |
30 12.79 95.80 108.59 5.40 1.00 63.63 23 01 |
31 12.79 99.70 112.49 5.60 1.00 63.63 23 99
32 12.79 103.70 116.49 5.80 1.00 63.63 23 98
33 12.90 107.60 120.50 6.00 0.97 6h.18 23 96
3y 12.90 111.60 124.50 6.19 1.00 64.18 23 96
35 12.90 115.60 128.50 6.39 1.00 6u.18 23 95




Tahle B.20: Raw and Computed Results for Runf 11

2090

[

ey

(hot water with tar, no solvent, Q=2 ce/ming .,

Time Np Wp Wi Qiw FW Rt p T
min cc cc cc THPV %(THPV) Psi °C

1 0.00 0.00 0.00 0.00 0.00 0.00 2 103

2 0.00 0.00 0.00 0.00 Q.00 0.00 3 105

3 0.00 0.00 0.00 0.00 0.00 0.00 h 96

u 0.00 0.00 0.00 0.00 0.00 0.00 17 92

5 0.00 0.00 0.00 0.00 0.00 0.00 60 88

6 0.00 0.00 0.00 0.00 0.00 0.00 210 8h

7 1.80 0.00 1.80 0.05 0.00 5.40 h95 82

8 3.80 0.00 3.80 0.11 0.00 11.39 780 78

9 5.70 0.00 5.70 0.17 0.00 17.09 1020 75
10 7.80 0.00 7.80 0.23 0.00 23.38 1120 Yy
11 9.80 0.00 9.80 0.29 0.00 29.38 1120 72
12 11.90 0.00 11.90 0.36 0.00 35.67 1080 75
13 13.90 0.00 13.90 0.42 0.00 h1.67 1080 79
14 14.40 1.40 15.80 0.47 0.74 h3.17 1070 84
15 14.57 3.20 17.77 0.53 0.91 L43.68 1080 88
16 14.57 5.10 19.67 0.59 1.00 43.68 1085 93
17 14.69 6.90 21.59 0.65 0.94 by, 03 1055 99
18 14.79 8.90 23.69 0.71 0.95 44,33 1100 101
19 4,89 10.80 25.69 0.77 0.95 hy.63 1105 105
20 15.02 12.80 27.82 0.83 0.94 45.02 1120 109
21 15.02 14.80 29.82 0.89 1.00 h45.02 1120 112
22 i5.17 16.70 31.87 0.96 0.93 4s5.u47 1135 114
23 15.29 18.50 33.79 1.01 0.9y 45.83 1145 118
24 15.29 20.50 35.79 1.07 1.00 45.83 1145 119
25 15.44 22.50 37.94 1.14 0.93 L6.28 1160 121
26 15.44 24.30 39.74 1.19 1.00 h6.28 1145 121
27 15.44 26.30 41,74 1.25 1.00 h6.28 1150 121
28 15.59 28.30 43.89 1.32 0.93 h6.73 1150 120
29 15.59 30.30 45.89 1.38 1.00 46.73 1180 118
30 15.59 32.30 47.89 .44 1.00 16.73 1185 116
31 15.75 34.10 19.85 1.49 0.92 hv.21 1185 113
32 15.75 36.20 51.95 1.56 1.00 h7.21 1170 110
33 15.75 38.10 53.85 1.61 1.00 47.21 1190 107
34 15.75 40.00 55.75 1.67 1.00 47.21% 1195 103
35 15.75 2,10 57.85 1.73 1.00 hr.21 1200 100
36 15.75 4h. 10 59.85 1.79 1.00 h7.21 1210 97
37 15.75 46.10 61.85 1.85 1.00 n7.21 1180 95
38 15.75 48.20 63.95 1.92 1.00 n7.21 1195 93
39 15.75 50.20 65.95 1.98 1.00 7.2 1230 9
40 15.75 52.10 67.85 2.03 1.00 hr.21 1155 89




Table B.20: Continued.

293

Time Np Wp Wi Qiw FW Rt P T

min ce cc cc THPY %(THPV) Psi %
41 15.75 S4.10 69.85 2.09 1.00 h7.21 1155 89
h2 15.79 56.00 71.79 2.15 0.98 h7.33 1165 89
43 15.79 58.00 73.79 2.21 1.00 u47.33 1150 89
4y 15.82 59.90 75.72 2.27 0.98 47.42 1190 90
L5 15.82 62.10 77.92 2.34 1.00 h7.42 1220 g0
46 15.82 64.20 80.02 2.10 1.00 47.42 1240 91
47 15.82 66.20 82.02 2.46 1.00 47.42 1140 g5
LT 15.82 68.00 83.82 2.51 1.00 h7.42 1080 98
L9 15.84 69.80 85.6u 2.57 0.99 h7.u8 1110 100
50 15.85 T1.70 87.55 2.62 0.99 B7.51 1170 99
51 15.85 73.70 89.55 2.68 1.00 B7.51 1230 99
52 15.85 75.80 91.65 2.75 1.00 h7.51 1270 99
53 15.85 77.60 93.45 2.80 1.00 h7.51 1280 100
54 15.85 79.40 95.25 2.86 1.00 47.51 1300 102
55 15.85 81.50 97.35 2.92 1.00 L7.51 1250 104
56 15.85 83.70 99.55 2.98 1.00 L7.51 1280 106
57 15.85%5 85.80 101.65 3.05 1.00 47.51 1310 106
58 15.85 87.80 103.65 3. 1.00 47.51 1300 107
59 15.85 89.70 105.55 3.16 1.00 47.51 1270 108
60 15.87 91.60 10747 3.22 0.99 L7.57 1220 108
61 15.87 93.60 109.47 3.28 1.00 47.57 1220 107
62 15.87 95.60 11,47 3.34 1.00 u7.57 1250 106
63 15.87 97.70 113.57 3.40 1.00 L7.57 1290 103
64 15.87 99.70 115.57 3.46 1.00 b7.57 1320 101
65 15.87 101.80 117.67 3.53 1.00 47.57 1280 98
66 15.87 103.80 119.67 3.59 1.00 h7.57 1310 96
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Table B.21: Raw and Computed Results for Rung 12
{hot water with tar, no solvent, Q=4 cc/min).

Time Np Wp Wi Qiw FW Rt p T
min cc cc cec THPV Z{THPV) Psi oC

1 0.00 0.00 0.00 0.00 0.00 0.00 12 89

2 0.00 0.00 0.00 0.00 0.00 0.00 50 87

3 0.00 0.00 0.00 0.00 0.00 0.00 360 85

L} 2.80 0.00 2.80 0.09 0.00 8.5 795 83

5 7.00 0.00 7.00 0.21 0.00 21.34 680 85

6 11.00 0.00 11.00 0.34 0.00 33.54h 520 96

7 11.80 2.00 13.80 0.4h2 0.1 35.98 L70 100

8 12.30 5.30 17.60 0.54 0.87 37.50 h52 103

9 12.65 8.60 21.25 0.65 0.90 38.57 nho 102
10 12.80 12.30 25.10 0.77 0.96 39.02 h32 101
11 13.03 15.80 28.83 0.88 0.94 39.73 L20 98
12 13.10 19.30 32.40 0.99 0.98 39.94 n22 96
13 13.27 22.90 36.17 1.10 0.95 0. 46 420 94
i 13.40 26.60 40.00 1.22 0.97 40.85 n25 91
15 13.40 30.40 43.80 1.34 1.00 L40.85 400 90
16 13.53 34.10 47.63 1.45 0.97 §1.25 17 90
17 13.55 37.70 51.25 1.56 0.99 41.31 420 88
18 13.62 41.40 55.02 1.68 0.98 h1.52 112 90
19 13.71 45.20 58.91 1.80 0.98 41,80 420 90
20 13.83 48.80 62.63 1.91 0.97 h2.16 315 92
21 13.83 52.40 66.23 2.02 1.00 h2.16 no8 9l
22 13.92 56.10 70.02 2.13 0.98 h2.u4 400 96
23 14.02 59.60 73.62 2.24 0.97 u2.74 LOo 98
24 14.02 63.40 77.42 2.36 1.00 h2.74 Lo2 100
25 14.02 67.10 81.12 2.47 1.00 42.74 415 100
26 14.16 70.80 814,96 2.59 0.96 43.17 n21 99
27 14.16 74.40 88.56 2.70 1.00 43.17 oo 99
28 14,16 78.20 92.36 2.82 1.00 43.17 K03 98
29 14.16 82.00 96.16 2.93 1.00 n3.17 350 98
30 14,16 85.70 99.86 3.04 1.00 43.17 342 96
31 14.16 89.20 103.36 3.15 1.00 43.17 Loy 95
32 .16 93.00 107.16 3.27 1.00 43.17 nio 95
33 14,16 96.70 110.86 3.38 1.00 43.17 420 94
3y .16 100.50 114,66 3.50 1.00 43.17 "0 9y
35 14.29 104.00 118.29 3.61 0.96 h3.57 418 93
36 14.29 107.60 121.89 3.72 1.00 43.57 400 93
37 14.53 111.20 125.73 3.83 0.94 nu.30 ho7v 93
38 11.53 114.90 129.43 3.95 1.00 4. 30 nis 93
39 14.53 118.70 133.23 .06 1.00 hh.30 390 92
40 .53 122.50 137.03 L.18 1.00 by, 30 397 91




Table B.21: Continued.

Time Np Wp Wi Qiw FwW Rt p T

min cc cc ce THPY Z(THPV)  Psi ¢
41 14.53 126.20 140.73 4. 29 1.00 . 30 ni6 92
h2 14.53 130.00 144,53 by 1.00 hu . 30 390 91
43 14.53 133.80 148.33 p.52 1.00 I, 30 405 N
uy 14.68 137.40 152.08 4.64 0.96 by 76 hoo 91
45 14.68 141.20 155.88 4.75 1.00 b .76 390 91
46 14.68 15.00 159.68 4.87 1.00 hi . 76 ho8 91
u7 14.78 148.70 163.48 4.98 0.97 45.06 n22 91
48 14.78 152.50 167.28 5.10 1.00 n5.06 hou 91
49 14.78 156.20 170.98 5.21 1.00 n5.06 h2s 91
50 14.93 159.90 174.83 5.33 0.96 45,52 ho8 91
51 14.93 163.70 178.63 5.45 1.00 45.52 396 91
52 14.93 167.50 182.43 5.56 1.00 45.52 393 91
53 14.93 171.20 186.13 5.67 1.00 hS5.52 392 91
5 14.93 174.80 189.73 5.78 1.00 45.52 395 91
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fable B.22: Raw and Computed Results for Run# 8

(hot-water-driven solvent slug, Q=2 ce/min) .

Time Np Wp Wi Qiw FW Rt P T
min ce cc cc THPY %( THPV) Psi 8
1 0.00 0.00 0.00 0.00 0.00 0.00 4 114
2 0.00 0.00 0.00 0.00 0.00 0.00 52 1L
3 0.00 0.00 0.00 0.00 0.00 0.00 73 113
] 0.00 0.00 0.00 0.00 0.00 0.00 88 112
S 0.00 0.00 0.00 0.00 0.00 0.00 9h 112
6 0.00 0.00 0.00 0.00 0.00 0.00 an 110
7 1.80 0.00 1.80 0.06 0.00 6.28 88 108
8 3.50 0.00 3.50 0.12 0.00 12.20 410 102
9 5.00 0.00 5.00 0.17 0.00 17.43 735 100
10 6.50 0.00 6.50 0.23 0.00 22.66 850 96
1 8.00 0.00 8.00 0.28 0.00 27.89 880 9y
12 9.30 0.00 9.30 0.32 0.00 32.43 920 93
13 10.60 0.00 10.60 0.37 0.00 36.96 960 92
1 12.10 0.00 12.10 0.42 0.00 42.19 1000 S0
15 13.50 0.00 13.50 0.47 0.00 h7.07 1042 91
16 13.70 1.20 14.90 0.52 0.86 47.77 1100 93
17 13.92 2.50 16.42 0.57 0.86 48.54 1100 93
18 14.07 3.60 17.67 0.62 0.88 49.06 1120 97
19 14.22 4.90 19.12 0.67 0.90 49.58 1160 100
20 14.36 6.20 20.56 0.72 0.90 50.07 1130 102
21 14,48 7.50 21.98 0.77 0.92 50.49 1180 104
22 14%.60 8.90 23.50 0.82 0.92 50.91 1170 108
23 14.70 10.30 25.00 0.87 0.93 51.26 1200 110
24 14.81 11.80 26.61 0.93 0.93 51.64 1200 11y
25 14.88 13.20 28.08 0.98 0.95 51.88 1175 116
26 14.97 14.60 29.57 1.03 0.9y 52.20 1180 118
27 15.05 16.00 31.05 1.08 0.95 52.48 1160 119
28 15.14 17.40 32.54 1.13 0.94 52.79 1150 119
29 15.19 18.60 33.79 1.18 0.96 52.96 1160 118
30 15.27 20.10 35.37 1.23 0.95 53.2h 1200 118
31 15.34 21,60 36.94 1.29 0.96 53.49 1180 114
32 15.41 23.10 38.51 1.34 0.96 53.73 1240 111
33 15.47 24.80 h0.27 1.40 0.97 53.94 1220 108
34 15.52 26.20 L1.72 1.45 0.97 S5h. 11 1220 105
35 15.58 27.80 43.38 1.51 0.96 5h.32 1180 101
36 15.61 29.20 hy 81 1.56 0.98 54,43 1205 99
37 15.67 30.70 46.37 1.62 0.96 Sh.6h 1090 96
38 15.72 32.00 h7.72 1.66 0.96 54.81 1170 93
39 15.74 33.60 49.34 1.72 0.99 54.88 1200 90
L) 15.80 35.10 50.90 1.77 0.96 55.09 1260 86




Table B.22: Continued.

Time Np Wp Wi Qiw 2% ) Rt P T
min cc : cc cc THPV FTHPV) Psi %
Lt 15.84 36.40 52.24 1.82 0.97 55.23 1202 88
2 15.86 37.80 53.66 1.87 0.99 55.30 1235 38
n3 15.89 39.40 55.29 1.93 0.98 55.40 1245 88
hy 15.89 1,10 56.99 1.99 1.00 55.h40 1175 90
s 15.91 42.60 58.51 2.0h 0.99 55.47 1195 91
6 15.92 4h 00 59.92 2.09 0.99 55.51 1245 9h
u47 15.93 h5.50 61.43 2.14 0.99 55.54 1220 96
u8 16.00 47.10 63.10 2.20 0.96 55.79 1230 98
u9 16.01 h8.50 61.51 2.25 0.99 55.82 1230 101
50 16.06 50.00 66.06 2.30 0.97 56.00 1260 102
51 16.08 51.50 67.58 2.36 0.99 56.07 1220 105
52 16.09 53.30 69.39 2.42 0.99 56.10 1260 107
53 16.13 54.80 70.93 2.h47 0.97 56.24 1160 110
54 16.13 56.30 72.43 2.53 1.00 56.24 1180 111
55 16.14 57.80 73.94 2.58 0.99 56.28 1120 112
56 16.14 59.40 75.54 2.63 1.00 56.28 1260 114
57 16.20 60.80 71.00 2.68 0.96 56.49 1175 115
58 16.20 62.40 78.60 2.74 1.00 56.49 1200 115
69 16.22 63.80 80.02 2.79 0.99 56.56 1280 116
60 16.22 65.30 81.52 2.84 1.00 56.56 1300 118
61 16.22 66.90 83.12 2.90 1.00 56.56 1300 i18
62 16.22 68.60 84.82 2.96 1.00 56.56 1260 119
63 16.23 70.70 86.93 3.03 1.00 56.59 1250 119
64 16.25 72.40 88.65 3.09 0.99 56.66 1240 118
65 16.26 73.90 90.16 3.14 0.99 56.69 1240 116
66 16.26 75.50 91.76 3.20 1.00 56.69 1280 114
67 16.26 77.00 93.26 3.25 1.00 56.69 1200 111
68 16.26 78.60 94.86 3.31 1.00 56.69 830 107
69 16.27 80.10 96.37 3.36 0.99 56.73 1070 103
70 16.27 81.70 97.97 3.42 1.00 56.73 1110 98
71 16.27 83.30 99.57 3.47 1.00 56.73 1260 g5
72 16.29 84.80 101.09 3.52 0.99 56.80 1360 N
73 16.29 86.40 102.69 3.58 1.00 56.80 1280 88
™ 16.29 88.00 104,29 3.64 1.00 56.80 1280 8h
75 16.30 89.70 106.00 3.70 0.99 56.83 1350 80
76 16.31 91.40 107.71 3.76 0.99 56.87 1325 78
77 16.31 93.10 109. 41 3.81 1.00 56.87 1340 77
78 16.31 9u.70 111.01 3.87 1.00 56.87 1300 78
79 16.32 96.20 112.52 3.92 0.99 56.90 1330 79
80 16.32 97.80 .12 3.98 1.00 56.90 1350 80
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Table B.23: Raw and Computed Results for Rung 9

{hot-water-driven solvent stug, Q=4 cc/min).

Time Np Wp Wi Qiw FW Rt p T
min ce ce ce THPY %(THPV) Psi [
1 0.00 0.00 0.00 0.00 0.00 0.00 8 106
2 0.00 0.00 0.00 0.00 0.00 0.00 22 101
3 0.00 0.00 0.00 0.00 0.00 0.00 53 97
B 0.60 0.00 0.60 0.02 0.00 2.00 152 9y
5 3.50 0.00 3.50 0.12 0.00 11.90 u50 93
6 6.30 0.00 6.30 0.21 0.00 21.42 05 100
7 9.10 0.00 9.10 0.31 0.00 30.91 408 106
8  12.00 0.00 12.00 0.41 0.00 10.80 60 112
9  13.00 2.50 15.40 0.52 0.71 uy . 20 180 114
10 13.40 5.40 18.80 0.64 0.88 15.56 1430 118
11 13.75 8.80 22.55 0.77 0.91 n6.75 150 16
12 12.60 26.71 0.91 0.91 47.98 30 113
13 14,39 16.50 30.89 1.05 0.93 ug8.93 IR E:] 108
M 14.63 20.30 34.93 1.19 0.94 49.7H 505 104
15 14.83 23.80 38.63 1.31 0.95 50.43 395 100
16 15.09 27.40 y2.49 1.44 0.93 51.31 382 96
17 15.21 31.20 46.41 1.58 0.97 51.72 510 90
18 15.29 35.10 50.39 1.7 0.98 51.99 410 90
19 15.41 38.90 5431 1.85 0.97 52.40 395 92
20 15.52 42.60 58.12 1.98 0.97 52.77 395 96
21 15.61 46.20 61.81 2.10 0.98 53.08 385 102
22 15.62 50.00 65.62 2.23 1.00 53.11 375 108
23 15.62 53.90 69.52 2.36 1.00 53.11 360 109
26 15.78 57.80 73.58 2.50 0.96 53.56 360 109
25  15.78 61.60 77.38 2.63 1.00 53.66 345 107
26 15.90 65.50 81.40 2.77 0.97 54.06 35 100
27 15.94 69.30 85.24 2.90 0.99 54.20 340 100
28 15.99 73.20 89.19 3.03 0.99 51,37 340 96
29  16.03 77.00 93.03 3.16 0.99 54,51 345 92
30 16.09 80.90 96.99 3.30 0.98 54,71 360 88
31 16.09 84.80 100.89 3.43 1.00 54,71 360 88
32 16.09 88.60 104.69 3.56 1.00 54.71 360 89
33 16.09 92.50 108.59 3.69 1.00 50.71 350 92
3 16.09 96.50 112.59 3.83 1.00 54,71 350 96
35  16.09 100.20 116.29 3.95 1.00 54,71 315 99
36 16.09 104.00 120.09 4.08 1.00 54,71 340 102
37 16.22 107.90 124,12 5.22 0.97 55.15 340 104
38 16.29 111.70 127.99 4.35 0.98 55.39 340 104
39 16.29 115.50 131.79 b.48 1.00 55.39 310 101
4 16.29 119.30 135.59 4.61 1.00 55.39 338 102




fable B,.23: Continued.

249

Time Np Wp Wi Qiw Fw Rt P T
min ce ce ce THPV %( THPV) Psi T
51 16.29 122.90 139.19 4.73 1.00 55.39 330 99
42 16.29 126.80 143.09 .87 1.00 55.39 330 %6
43 16.29 130.60 146.89 4.99 1.00 55.39 350 92
ns 16.29 134.50 150.79 5.13 1.00 55.39 360 90
45 16.29 138.30 154.59 5.26 1.00 55.39 358 90
u6  16.29 142.20 158.49 5.39 1.00 55.39 350 90
n7 16.29 146.00 162.29 5.52 1.00 55.39 345 96
48 16.29 149.70 165.99 5.64 1.00 55.39 340 100
49 16.29 153.60 169.89 5.78 1.00 55.39 330 102
50 16.29 157.40 173.69 5.91 1.00 55.39 330 101
51 16.29 161.30 177.59 6.00 1.00 55.39 330 98
52 16.29 165.20 181.49 6.17 1.00 55.39 330 96
53  16.29 169.10 185.39 6.30 1.00 55.39 328 92
sy 16.29 172.90 189.19 6.u3 1.00 55.39 325 88




Table B.2i: Raw and Computed Results for Rung 10

(hot-water-driven solvent slug, Q=6 cc/min).

390

Time Np Wp Wi Qiw W Rt P T
min cc cc cc THPV % THPY) Psi 8
1 0.00 0.00 0.00 0.00 0.00 0.00 10 99
2 0.00 0.00 0.00 0.00 0.00 0.00 19 99
3 2.00 0.00 2.00 0.07 Q.00 7.0h 49 98
y 5.10 0.00 5.10 0.18 0.00 17.95 64 98
5 8.10 0.00 8.10 0.29 0.00 28.51 67 100
6 11.40 0.00 11.40 0.10 3.00 40.13 79 01
7 12.90 3.20 16.10 0.57 0.68 45.41 250 102 |
8 13.10 8.70 21.80 0.77 0.96 B6. 11 308 on
9  13.10 14.20 27.30 0.96 1.00 46.11 315 107
10 13.30 19.70 33.00 1.16 0.96 H6.81 320 107
1 13.30 25.10 38.40 1.35 1.00 46.81 338 108
12 13.60 30.40 44.00 1.55 0.95 n7.87 3u2 110
13 13.60 36.00 49.60 1.75 1.00 47.87 340 110 |
1w 13.90 41.40 55.30 1.95 0.95 48.93 330 LA
15 1,10 46.90 61.00 2.15 0.96 49.63 325 AR
16 1817 52.50 66.67 2.35 0.99 49.88 320 M
17 14.25 58.10 72.35 2.55 0.99 50.16 318 AR
18 14,31 63.80 78.11 2.75 0.99 50.37 315 11
19 4.4 69.60 84.01 2.96 0.98 50.72 302 108
20 14.45 75.30 89.75 3.16 2.99 50.86 293 195
21 445 81.10 95.55 3.36 1.00 50.86 288 101
22 5.48 86.80 101.28 3.56 2.99 50.97 282 97
23 14,52 92.40 106.93 3.76 2.99 51.14 292 oy |
2h 14,56 98.20 112.76 3.97 .99 51.25 285 93 |
25  14.61 104.00 118.61 4,17 9.99 51.43 280 on |
26  14.67 109.60 124,27 4.37 0.99 51.64 275 96
27 14,67 115.40 120.07 4.58 1.00 51.6h 270 98
28 14,71 121.20 135.91 4.78 0.99 51.78 270 101
29 w7 127.00 Wi 7 4.99 1.00 51.78 273 102
30 14.76 132.00 146.76 5.17 0.99 51.95 270 104
31 14.76 137.90 152.66 5.37 1.00 51.95 263 106
32 14.86 143.50 158.36 5.57 0.98 52.31 268 106
33 14.86 149.30 164.16 5.78 1.00 52.31 270 106
38 14.86 155.10 169.96 5.98 1.00 52.31 270 104
35  1.91 161.00 175.91 6.19 0.99 52.148 277 103
36 14.91 166.00 180.91 6.37 1.00 52.18 268 103
37 14.98 171.60 186.58 6.57 0.99 52.73 268 102
38 14.98 176.60 191.58 6.74 1.00 52.73 265 102
39 14.98 182.30 197.28 6.94 1.00 52.73 265 100
5o 14.98 188.20 203.18 7.15 1.00 52.73 265 100




Tablte B.24: Continued.

Time Np Wp Wi Qiw FW Rt 4 T
min ce ce ce THPY %( THPV) Psi ¢
51 15.06 193.20 208.26 7.33 0.98 53.01 272 100
42 15.06 198.20 213.26 7.51 1.00 53.01 275 100
43 15.06 204.10 219.16 7.71 1.00 53.01 270 102
s 15.11 209.90 225.01 7.92 0.99 53.19 265 106
45 15.11 215.80 230.91 8.13 1.00 53.19 262 111
56 15.11 221.70 236.81 8.34 1.00 53.19 277 118
47 15.11 227.50 212.61 8.54 1.00 53.19 275 123
8 15.11 233.40 2u8.51 8.75 1.00 53.19 273 128
49 15.11 238.40 253.51 8.92 1.00 53.19 250 131 |
50 15.11 243.40 258.51 9.10 1.00 53.19 265 133
51 15.11 249.30 264. 41 9.31 1.00 53.19 272 131
52 15.11 255.10 270.21 9.51 1.00 53.19 267 128
53 15.11 260.10 275.21 9.69 1.00 53.19 258 124
54 15.11 266.00 281.11 9.89 1.00 53.19 258 118
55 15.11 271.00 286.11 10.07 1.00 53.19 258 113




Table B.25: Raw and Computed Results for Rung 25

(hot-water-driven solvent slug, Q=1 ce/min, mode ).

Time Np Wp Wi Qiw FW Rt p T
min ce cc ce THPY T(THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 21 101
2 0.00 0.00 0.00 0.00 0.00 0.00 2y 95
3 0.00 0.00 0.00 0.00 0.00 0.00 3 100
i 0.00 0.00 0.00 0.00 0.00 0.00 38 106
5 0.00 0.00 0.00 0.00 0.00 0.00 51 104
6 0.00 0.00 0.00 0.00 0.00 0.00 76 99
7 0.00 .00 0.00 0.00 0.00 0.00 106 98
8 0.00 0.00 0.00 0.00 0.00 0.00 1 94
9 0.00 0.00 0.00 0.00 0.00 0.00 235 90
10 0.00 0.00 0.00 0.00 0.00 6.00 250 90
1 0.00 0.00 0.00 0.00 0.00 0.00 275 88
12 0.00 0.00 0.00 0.00 0.00 0.00 185 86
13 1.20 0.00 1.20 0.03 0.00 3. 143 89
0 2.60 0.00 2.60 0.07 0.00 7.10 149 91
15 4.30 0.00 4,30 0.12 0.00 12.23 1y 96
16 6.10 0.00 6.10 0.17 0.00 17.35 150 100
17 7.30 0.00 7.30 0.21 0.00 20.77 136 105
18 8.10 0.00 8.10 0.23 0.00 23.04 118 112
19 9.10 0.00 9.10 0.26 0.00 25.89 122 112 .
20 10.30 0.00 10.30 0.29 0.00 29.30 136 109
21 11.31 0.00 11.31 0.32 0.00 32.18 156 110
22 12.51 0.00 12.51 0.36 0.00 35.59 161 112
23 13.91 " o0.00 13.91 0.40 0.00 39.57 166 112 |
24 15.21 0.00 15.21 0.43 0.00 43.27 162 IR
25  16.61 0.00 16.61 0.47 0.00 47.25 153 1
26 17.81 0.00 17.81 0.51 0.00 50.67 154 1M1
27 18.47 0.30 18.77 0.53 0.31 52.55 157 109
28 18.48 1.20 19.68 0.56 0.99 52.57 159 109
29 18.50 2.00 20.50 0.58 0.98 52.63 158 109
30 18.78 2.80 21.58 0.61 0.74 53.43 156 109
31 18.78 3.80 22.58 0.64 1.00 53.43 159 109
32 18.81 4.60 23.41 0.67 0.96 53.51 160 109
33 19.01 5.60 24.61 0.70 0.83 54.08 154 111
3n 19.01 6.60 25.61 0.73 1.00 54.08 158 109
35 19.21 . 7.50 26.71 0.76 0.82 50,65 166 108
36 19.21 8.70 27.91 0.79 1.00 54.65 172 108
37 19.28 9.70 28.98 0.82 0.93 50,85 167 109
38 19.47 10.50 29.97 0.85 0.8a1 55.39 164 109
39 19.62 11.60 31.22 0.89 0.88 55.82 166 108
uo 19.62 12.70 32.32 0.92 1.00 55.82 164 109




Table B.25: Continued.

gk

Time Np Wp Wi Qiw FW Rt p T
min cc cc cc THPV B(THPV) Psi ¢
t
41 19.62 13.80 33.42 0.95 1.00 55.82 160 110
u2 19.88 14.80 34.68 0.99 0.79 56.56 167 108
43 19.88 15.80 35.68 1.02 1.00 56.56 163 1o
un 20.01 16.70 36.71 1.04 0.87 56.93 166 1o !
45 20.01 17.170 37.7 1.07 1.00 56.93 170 108
u6 20.01 18.80 38.81 1.10 1.00 56.93 172 108
u7 20.29 19.70 39.99 1.14 0.76 57.72 174 108
ng 20.29 20.70 40.99 1.17 1.00 57.72 168 110
u9 20.30 21.70 42.00 1.19 0.99 57.75 170 108
50 20.48 22.80 43.28 1.23 0.86 58.26 176 108
51 20.55 23.80 un. 35 1.26 0.93 58. 46 178 108 .
52 20.60 24.80 45.40 1.29 0.95 58.61 170 108
53 20.60 25.90 u6.50 1.32 1.00 58.61 162 1o i
54 20.61 27.00 47.61 1.35 0.99 58.63 170 108
55 20.65 28.00 48.65 1.38 0.96 58.75 178 107
56 20.65 29.10 59.75 1.42 1.00 58.75 176 108
57 20.97 30.00 50.97 1.545 0.74 59.66 170 108
58 20.97 31.10 52.07 1.48 1.00 59.66 168 108
59 20.97 32.10 53.07 1.51 1.00 59.66 165 108
! 60 21.03 33.10 54.13 1.54 0.94 59.83 170 108
' 61 21.03 34.30 55.33 1.57 1.00 59.83 179 107
62 21.11 35.40 56.51 1.61 0.93 60.06 180 108
; 63 21.13 36.40 57.53 1.64 0.98 60.11 176 108 .
64 21.14 37.%0 58.54 1.67 0.99 60. 14 176 108 !
; 65  21.14 38.50 59.64 1.70 1.00 60.14 180 107
i 66 21.23 39.50 60.73 1.73 0.92 60.40 180 109 |
: 67 21.23 40.50 61.73 1.76 1.00 60.40 177 107
68 21.23 41.60 62.83 1.79 1.00 60. 540 175 109
69 21.28 42.60 63.88 1.82 0.95 60.54 178 107
70 21.30 43.80 65.10 1.85 0.98 60.60 182 107
rA 21.48 4y .90 66.38 1.89 0.86 61.11 182 109
72 21.48 u6.00 67.48 1.92 1.00 61.11 180 109
73 21.73 47.00 68.73 1.96 0.80 61.82 165 110
n 21.73 48.00 69.73 1.98 1.00 61.82 160 110
75 21.91 u8.90 70.81 2.01 0.83 62.33 170 108 |
76 21.98 49.90 71.88 2.04 0.93 62.53 180 108
77 21.98 51.00 72.98 2.08 1.00 62.53 185 108
78 22.02 52.10 .12 2.11 0.96 62.65 181 110
79 22.02 53.10 75.12 2. 14 1.00 62.65 182 109
80 22.10 54.10 76.20 2.17 0.93 62.87 178 109




Tabte B.25: Continued.

304

R
Time Np wp Wi Qiw. FW Rt P T
|
1
min cc cc cc THPV % (THPV) Psi ¢
81 22.12 55.20 77.32 2.20 0.98 62.93 168 110
82  22.12 56.20 78.32 2.23 1.00 62.93 167 109
83  =22.27 57.10 79.37 2.26 0.86 63.36 178 109
8y 22.27 58.10 80.37 2.29 1.00 63.36 184 108
85  22.h2 59.20 81.62 2.32 0.88 63.78 180 110
86  22.52 60.30 82.82 2.36 0.92 64.07 179 109
87  22.52 61.40 83.92 2.39 1.00 64.07 183 109
88 22.52 62.50 85.02 2.42 1.00 64.07 186 08
89  22.57 63.50 86.07 2.45 0.95 64.21 183 109 ¢
90  22.57 6.60 87.17 2.48 1.00 64.21 178 109 .
9 22.57 65.60 88.17 2.51 1.00 64.21 178 108 |
92  22.62 66.60 89.22 2.5n 0.95 6. 35 17 109
93  22.62 67.60 90.22 2.57 1.00 64.35 172 109 ¢
9% 22.67 68.70 91.37 2.60 0.96 64.50 178 09
95 22.67 69.70 92.37 2.63 1.00 64.50 183 108
96  22.67 70.80 93.47 2.66 1.00 64.50 189 108
97  22.72 71.80 94,52 2.69 0.95 6u. 64 189 109
98  22.72 72.90 95.62 2.72 1.00 6u. 6N 188 108
99  22.79 74.00 96.79 2.75 0.94 6. 84 185 108
100 22.79 75.20 97.99 2.79 1.00 64.84 185 108
101 22.79 76.30 99.09 2.82 1.00 6h.8h 179 108
102 22.84 77.40 100.24 2.85 0.96 61.98 173 109
103 22.84 78.49 101.24 2.88 1.00 64.98 170 109 !
100 22.89 79.50 102.39 2.91 0.96 65.12 176 108
105 22.89 80.70 103.59 2.95 1.00 65.12 182 108 |
106  22.89 81.80 104.69 2.98 1.00 65.12 190 108 |
107 22.94 82.90 105.84 3.01 0.96 65.26 191 108 |
108 22.94 8. 10 107.04 3.05 1.00 65.26 185 109
109 22.94 85.20 108.14 3.08 1.00 65.26 186 108 !
110 22.94 86.30 109.24 3.11 1.00 65.26 183 108
111 22.94 87.50 110.44 3.14 1.00 65.26 177 108
112 22.94 88.60 111.58 3.17 1.00 65.26 180 108
113 22.94 89.70 112.64 3.20 1.00 65.26 182 108 |
1y 22.94 90.90 113.84 3.24 1.00 65.26 180 108
115 22.94 92.00 114.94 3.27 1.00 65.26 180 108
116 22.94 93.20 116.14 3.30 1.00 65.26 186 108
117 22.9% 94.30 17.28 3.34 1.00 65.26 190 108
118 22.94 95.30 118.24 3.36 1.00 65.26 186 108
119 22.94 96.30 119.24 3.39 1.00 65.26 184 108
120 22.94 97.30 120.24 3.42 1.00 65.26 186 108
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Table B.26: Raw and Computed Results for Run# 27

(hot-water-driven solvent siug, Q=1 ce/min, mode 111).

Time Np Wp Wi Qiw FW Rt P T
min ce ce ce THPV % (THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 9 105 |
2 0.00 0.00 0.00 0.00 0.00 0.00 1 108
3 0.00 0.00 0.00 0.00 0.00 0.00 15 103
4 0.00 0.00 0.00 0.00 0.00 0.00 22 95
5 0.00 0.00 0.00 0.00 0.00 0.00 31 93 |
6 0.00 0.00 0.00 0.00 0.00 0.00 39 % |
7 0.00 0.00 0.00 0.00 0.00 0.00 52 86
8 0.00 0.00 0.00 0.00 0.00 0.00 72 82 |
9 0.00 0.00 0.00 0.00 0.00 0.00 102 81
10 0.00 0.00 0.00 0.00 0.00 0.00 156 78
11 0.00 0.00 0.00 0.00 0.00 0.00 210 76
12 0.64 0.00 0.64 0.02 0.00 1.88 128 76
13 1.84 0.00 1.84 0.05 0.00 5.39 s 76
n 3.4 0.00 3.4y 0.0 0.00 10.09 125 76
15 4.94 0.00 4,94 0.14 0.00 .48 100 77 |
16 6.14 0.00 6.14 0.18 0.00 18.00 80 79
17 7.4 0.00 7.44 0.22 0.00 21.81 80 81
18 9.04 0.00 9.04 0.27 0.00 26.50 86 81
i 19 10.u4 0.00 10.44 0.31 0.00 30.61 82 89
20  11.89 0.00 11.89 0.35 0.00 34,86 72 95
21 13.39 0.00 13.39 0.39 0.00 39.26 64 101
22 .79 0.00 14.79 0.43 0.00 43.36 61 IAUI
23 15.99 0.00 15.99 0.47 0.00 46.88 53 121
28 16.91 0.00 16.91 0.50 0.00 49.57 42 138 !'
{ 25  18.01 0.00 18.01 0.53 0.00 52.80 35 125
: 26  18.53 0.50 19.03 0.56 0.49 54.32 34 17
§ 27 18.81 1.50 20.31 0.60 0.78 55.15 39 15
| 28 18.97 2.30 21.27 0.62 0.83 55.61 41 110
f 29 19.14 3.20 22.34 0.65 0.8l 56.11 u3 108
: 30 19.30 4.10 23.40 0.69 0.85 56.58 43 104
31 19.44 4.80 2u. 24 0.71 0.83 56.99 u3 101
; 32 19.48 5.80 25.28 0.74 0.96 57.11 43 98
33 19.58 6.90 26.48 0.78 0.92 57.40 15 96
3 19.78 8.00 27.78 0.81 0.85 57.99 7 94
: 35 19.91 9.00 28.91 0.85 0.88 58.37 50 94
36 19.96 10.10 30.06 0.88 0.96 58.52 52 91
37 20.07 11.10 31.17 0.91 0.90 58.84 51 96
38 20.27 12.20 32.47 0.95 0.85 59.13 50 101
39 20.35 13.30 33.65 0.99 0.93 59.66 40 130
n0  20.39 14.50 34.89 1.02 0.97 59.78 38 131
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Table B.26: Continued.

Time Np Wp Wi Qiw Fw Rt p T
min ce cc ce THPV %(THPV) Psi &
{
ui 20.46 15.60 36.06 1.06 0.94 59.98 38 128 |
42 20.47 16.70 37.17 1.09 0.99 60.01 38 126 |
K3 20.h9 17.70 38.19 1.12 0.98 60.07 38 126 !
ny 20,64 18.70 39.34 1.15 0.87 60.51 38 126 |
45 20.87 19.70 10.57 1.19 0.81 61.18 38 126 |
46  20.87 20.80 n1.67 1.22 1.00 61.18 3n 130 '
nT 20.95 21.90 42.85 1.26 0.93 61.42 3n 126
48 21.01 23.00 ny .01 1.29 0.95 61.59 3n 122,
49 21.13 2u.10 15.23 1.33 0.90 61.95 3n 1y
50 21.31 25.20 46.51 1.36 0.86 62.1h7 35 116
51 21.31 26.20 47.51 1.39 1.00 62.47 35 s |
52 21.31 27.30 48,61 1.43 1.00 62.47 37 12|
53  21.43 28.40 n9.83 1.46 0.90 62.83 37 m
58  21.57 29.40 50.97 1.49 0.88 63.24 39 108 |
55  21.57 30.50 52.07 1.53 1.00 63.2h n1 108 |
56  21.57 31.60 53.17 1.56 1.00 63.24 2 106 |
57  21.64 32.60 54.24 1.59 0.93 63.44 u6 04 |
58  21.64 33.60 55.24 1.62 1.00 63.44 51 103 !
59  21.64 34.60 55.24 1.65 1.00 63.4n 56 101
60  21.88 35.50 57.38 1.68 0.79 64.15 59 100
61 21.91 36.60 53.51 1.72 0.97 64.23 60 100
62  21.91 37.60 59.51 1.74 1.00 6h.23 60 93
63  22.08 38.60 69.68 1.78 0.85 64.73 59 98
68 22.19 39.60 61.79 1.81 0.90 65.05 58 99
65  22.26 40.70 62.96 1.85 0.94 65.26 55 100
66  22.32 41.80 6u4.12 1.88 0.95 65.44 51 100
67  22.35 42,90 65.25 1.91 0.97 65.52 49 102
68  22.35 4410 66.45 1.95 1.00 65.52 48 104
69  22.m 85.20 67.61 1.98 0.95 65.70 6 107
70 22.49 16. 30 68.79 2.02 0.93 65.93 u6 108
7 22.149 47.30 69.79 2.05 1.00 65.93 ns 11
72 22.5% 48.40 70.95 2.08 0.95 66.11 W 1
73 22.55 49.140 71.95 2.11 1.00 66.11 nn 15
T 22.55 50.50 73.05 2,14 1.00 66.11 3 116
75 22.5% 51.60 74.15 2.17 1.00 66.11 43 118
76 22.57 52.70 75.27 2.21 0.98 66.17 n2 118
77 22.57 53.70 76.27 2.24 1.00 66.17 u1 120
78 22.57 5. 80 77.37 2.27 1.00 66.17 41 120
9  22.61 55.90 78.51 2.30 0.96 66.29 31 122
80  22.61 56.90 79.51 2.33 1.00 66.29 41 122




307
fable B.26: Continued.

Time Np Wp Wi Qiw W Rt P T

min ce cc cc THPY TLTHPV) Psi &

81 22.61 58.10 80.71 2.37 1.00 66.29 uo 122
82 22.61 59.20 81.81 2.40 1.00 66.29 40 123
83 22.65 60.30 82.95 2.43 0.96 66.10 1o 123
8l 22.65 61.50 84.15 2.47 1.00 66.10 no 124
85 22.68 62.60 85.28 2.50 0.97 66.149 no 121
86 22.68 63.70 86.38 2.53 1.00 66.49 38 122
87 22.71 64.70 87.41 2.56 0.97 66.58 33 115
88 22.78 65.80 88.58 2.60 0.94 66.78 35 109
89 22.80 66.90 89.70 2.63 0.98 66.84 35 108
90 22.81 68.10 90.91 2.67 0.99 66.87 38 106
91 22.82 69.10 91.92 2.69 0.99 66.90 i 102
92 22.88 70.10 92.98 2.73 0.94 67.08 n6 100
93 22.88 71.30 9. 18 2.76 1.00 67.08 57 96
o4 22.89 72.40 95.29 2.79 0.99 67.11 60 94
95 22.89 73.60 96.49 2.83 1.00 67.11 63 91
96 22.89 74.60 97.49 2.86 1.00 67.11 63 90
97 22.95 75.70 98.65 2.89 0.95 67.28 60 87
98 22.S5 76.70 99.65 2.92 1.00 67.28 59 84
99 22.95 77.70 100. 65 2.95 1.00 67.28 55 84
100 22.97 75.80 101.77 2.98 0.98 67.34 55 76
101 22.98 792.90 102.88 3.02 0.99 67.37 61 75
102 23.00 81.00 104.00 3.05 0.98 67.u43 65 78
103 23.00 82.10 105.10 3.08 1.00 67.u3 67 81
1Y 23.03 82.10 106.13 3.11 0.97 67.52 74 82
105 23.03 84.20 107.23 3.14 1.00 67.52 69 85
106 23.07 85.20 108.27 3.17 0.96 67.63 57 86
107 23.07 86.20 109.27 3.20 1.00 67.63 55 88
108 23.11 87.30 11041 3.24 0.96 67.75 54 89
109 23. 11 88.30 111,81 3.27 1.00 67.75 51 91
110 23.11 89.30 112.01 3.30 1.00 67.75 51 92
11 23.11 90.40 113.51 3.33 1.00 67.75 53 92
112 23.11 91.50 114,61 3.36 1.00 67.75 u9 9l
13 23.11 92.60 115.71 3.39 1.00 67.75 53 ot
1 23.11 93.70 116.81 3.42 1.00 67.75 55 oy
115 23.11 94.90 118.01 3.16 1.00 67.75 50 95
116 23.11 96.00 119. 1 3.49 1.00 67.75 53 95
117 23.11 97.10 120.21 3.52 1.00 67.75 55 95
118 23.11 98.10 121.21 3.55 1.00 67.75 50 96
119 23.11 99.20 12231 3.59 1.00 67.75 53 98
120 23.11 100.20 123.31 3.62 1.00 67.75 53 98




Table B.27: Raw and Computed Results for Runf 26

{hot-water-driven solvent slugs, Q=1

ce/min, mode

).

Time Np Wp Wi Qiw FW Rt p T
min ce cc cc THPY %L THPV) Psi ¢

1 0.00 0.00 0.00 0.00 0.00 0.00 1 114

2 0.00 0.00 0.00 0.00 0.00 0.00 15 118

3 0.00 0.00 0.00 0.00 0.00 0.00 20 122

4 0.00 0.00 0.00 0.00 0.00 0.00 29 121

5 .00 0.00 0.00 .00 0.00 0.00 ut 116

6 0.00 0.00 0.00 0.00 0.00 0.00 57 112

7 0.00 0.00 0.00 0.00 0.00 0.00 74 107

8 0.00 0.00 0.00 0.00 0.00 0.00 120 104

9 0.00 0.00 0.00 0.00 0.00 0.00 235 99
10 0.00 0.00 0.00 0.00 0.00 0.00 365 96
1 0.00 0.00 0.00 0.00 0.00 0.00 500 93
12 0.00 0.00 0.00 0.00 0.00 0.00 610 90
13 0.914 0.00 0.94 0.03 0.00 2.82 710 87
14 1.94 0.00 1.94 0.06 0.00 5.82 770 84
15 3.u6 0.00 3.46 0.10 0.00 10.37 660 83
16 4.96 0.00 u.96 0.15 0.00 14.87 530 83
17 6.01 0.00 6.01 0.18 0.00 18.02 380 83
18 6.97 0.00 6.97 0.21 0.00 20.90 330 8l
19 8.37 0.00 8.37 0.25 0.60 25.10 330 8l
20 9.31 0.00 9.31 0.28 0.00 27.92 330 86
21 10.13 0.00 10.13 0.30 0.00 30.37 290 88
22 10.93 0.00 10.93 0.33 0.00 32.77 270 90
23 11.93 0.00 11.93 0.36 0.00 35.77 280 90
24 12.99 0.00 12.99 0.39 0.00 38.95 280 90
25 13.99 0.00 13.99 0.42 0.00 41.95 285 91
26 14.89 0.00 14.89 0.145 0.00 u4. 65 280 91
27 15.69 0.00 15.69 0.47 0.00 47.05 265 93
28 16.79 0.00 16.79 0.50 0.00 50.30 300 93
29 17.59 0.00 17.59 0.53 0.00 52.70 320 93
30 18.36 0.00 18.136 0.55 0.00 55.05 315 93
31 18.86 0.00 18.86 0.57 0.00 56.55 330 93
32 19.00 0.70 19.70 0.59 0.83 56.97 352 93
33 19.12 1.70 20.82 0.62 0.89 57.33 355 93
3 19.28 2.70 21.98 0.66 0.86 57.81 350 93
35 19.41 3.60 23.01 0.69 0.87 58.20 370 93
36 19.51 ) 23.91 0.72 0.89 58.50 370 93
37 19.65 5.30 24.95 0.75 0.87 58.92 350 93
38 19.79 6.20 25.99 0.78 0.87 59.34 340 93
39 19.87 7.20 27.07 0.81 0.93 59.58 390 93
40 19.88 8.10 27.98 0.8h 0.99 59.61 3n0 93




Table B.27: Continued.

Time Np Wp Wi Qiw FW Rt p T
min cc cc cc THPV %{THPV) Psi (5:
ul 19.90 9.00 28.90 0.87 0.98 59.67 375 oy
u2  20.02 10.00 30.02 0.90 0.89 60.03 380 9y
u3 20.02 11.20 31.22 0.94 1.00 60.03 105 94
w4y 20.16 12.20 32.36 0.97 0.88 60.05 435 oy
45  20.26 13.20 33.46 1.00 0.91 60.75 n3o0 91
u6  20.26 .30 34.56 1.04 1.00 60.75 ns 9u
Ny 20.26 15.40 35.66 1.07 1.00 60.75 n20 on
us  20.34 16.40 36.74 1.10 0.93 60.99 n3s 95
ng  20.u4 17.40 37.84 1.13 a.91 61.29 n1s 95
50  20.44 18.60 39.04 1.17 1.00 61.29 105 96
51 20.u4 19.70 u0. 14 1.20 1.00 61.29 n1g 2% i
52  20.46 20.90 41.36 1.2n 0.98 61.35 450 96 |
53  20.49 22.00 42.49 1.27 0.97 61.un 162 9% |
54  20.49 23.10 43.59 1.31 1.00 67.un n52 9 |
55  20.54 24.00 uk. sk 1.34 0.95 61.59 n32 96 |
56  20.54 25.00 45.54 1.37 1.00 61.59 150 %6
57  20.54 26.10 u6.64 1.40 1.00 61.59 461 96
58  20.60 27.10 47.70 1.43 0.94 61.77 u70 95
59  20.60 28.10 48.70 1.6 1.00 61.77 u68 96
60  20.63 29.10 49.73 1.49 0.97 61.86 n68 96
61 20.63 30.40 51.03 1.53 1.00 61.86 n72 96
62  20.72 31.60 52.32 1.57 0.93 62.13 190 96
63  20.72 32.90 53.62 1.61 1.00 62.13 ugs 95
.64 20.72 34.20 54.92 1.65 1.00 62.13 470 97
65 20.78 35.30 56.08 1.68 0.95 62.31 495 97
66  20.84 36.50 57.34 1.72 0.95 62.49 190 95
67  20.86 37.80 58.66 1.76 0.98 62.55 510 95
68  20.86 39.10 59.96 1.80 1.00 62.55 530 95
69  20.86 40.30 61.16 1.83 1.00 62.55 530 95
70 20.86 41.40 62.26 1.87 1.00 62.55 538 94
71 20.86 42.60 63.46 1.90 1.00 62.55 540 91
72 20.94 43.80 6U.Th 1.94 0.94 62.79 530 91
73 21.01 45.00 66.01 1.98 0.94 63.00 530 9l
74 21.01 u6.10 67.11 2.01 1.00 63.00 530 ah
5 21.01 47.20 68.21 2.05 1.00 63.00 535 92
76 21.01 u8.40 69.41 2.08 1.00 63.00 540 92
77 21.07 49.50 70.57 2.12 0.95 63.18 542 92
78 21.11 50.50 71.61 2.15 0.96 63.30 545 92
79 21.11 51.60 72.71 2.18 1.00 63.30 545 92
80 21.1 52.80 73.91 2.22 1.00 63.30 555 92




Table B.27: Continued.

310

Time

Np

1
Wp Qiw W Rt P T .f
min ce ce ce THPV Z(THPV)  psi ¢
81 2.1 53.80 74.91 2.25 1.00 63.30 570 %0 |
82 2.1 54.80 75.91 2.28 1.00 63.30 570 90 |
83  21.11 55.80 76.91 2.31 1.00 63.30 560 90 !
84 21.17 56.90 78.07 2.34 0.95 63.48 545 92 |
85  21.17 58.00 79.17 2.37 1.00 63.48 542 90
86  21.17 59.10 80.27 2.1 1.00 63.u8 548 90 |
87  21.21 60.10 81.31 2.4 0.96 63.60 sn2 90
88  21.21 61.10 82.31 2.47 1.00 63.60 535 90 !
89  2t.21 62.10 83.31 2.50 1.00 63.60 522 92
90  21.21 63.20 84. i1 2.53 1.00 63.60 512 92 |
91 21.24 64.10 85.34 2.56 0.97 63.69 518 92
92  21.24 65.10 86.34 2.59 1.00 63.69 531 92
93  21.29 66.10 87.39 2.62 0.95 63.84 555 90
94  21.29 67.10 88.39 2.65 1.00 63.84 560 90
95  21.34 68.00 89.34 2.68 0.95 63.99 565 89
96  21.4% 68.80 90.24 2.71 0.89 64.29 560 89
97  21.44 69.80 91.24 2.74 1.00 64.29 550 89
98  21.44 70.80 92.24 2.77 1.00 64.29 560 89
99  21.44 71.80 93.24 2.80 1.00 61.29 560 88
100  21.u44 72.80 94,24 2.83 1.00 64.29 572 88
101 21.44 73.80 95.24 2.86 1.00 64.29 578 88
102 21.u4 74.80 96.24 2.89 1.00 6h.29 578 86
103 21.49 75.90 97.39 2.92 0.96 6. iy 575 86 !
108 21.49 77.00 98.49 2.95 1.00 6L Ul 578 84 ;
105  21.49 78.10 99.59 2.99 1.00 64.4L 578 8l |
106  21.49 79.20 100.69 3.02 1.00 64. 44 572 85 |
107 21.52 80.20 101.72 3.05 0.97 64.53 572 8y i
108 21.52 81.20 102.72 3.08 1.00 64.53 575 sy |
109  21.52 82.20 103.72 3.11 1.00 64.53 572 gz !
110 21.52 83.30 104,82 3.1y 1.00 64.53 580 82
11 21.52 84.40 105.92 3.18 1.00 61.53 585 81 |
12 21.52 85.50 107.02 3.21 1.00 64.53 590 81
113 21.52 86.50 108.02 3.24 1.00 64.53 585 9
1 21.52 87.60 109.12 3.27 1.00 64.53 575 79
115  21.52 88.70 110.22 3.30 1.00 64.53 568 79
116 21.52 89.70 111.22 3.33 1.00 64.53 565 78
17 21.52 90.70 112.22 3.36 1.00 6h.53 568 76
118 21.52 91.70 113.22 3.39 1.00 64.53 570 76
119 21.52 92.70 114,22 3.42 1.00 64.53 580 75
120 21.52 93.70 115.22 3.45 1.00 64.53 580 75




Table B.28: Raw and Computed Results for Runy 28

{(hot-water-driven solvent slugs, Q=1 ce/min, mode 141),

I
Time Np Wp Wi Qiw FW RE p T '
min cc cc cc THPY %(THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 30 126
2 0.00 0.00 0.00 0.00 0.00 0.00 u5 122
3 0.00 0.00 0.00 0.00 Q.00 0.00 65 117
u 0.00 0.00 0.00 0.00 0.00 0.00 95 14
5 0.00 0.00 0.00 0.00 0.00 0.00 190 109
6 0.00 0.00 0.00 0.00 0.00 0.00 290 106
7 0.00 0.00 0.00 0.00 0.00 0.00 395 103
8 0.00 0.00 0.00 0.00 0.00 0.00 275 101
9 0.05 0.00 0.00 0.00 0.00 0.00 80 110
10 1.40 .00 1.40 0.04 0.00 .03 €8 152
1 2.90 0.00 2.90 0.08 0.00 8.35 55 150
12 4.20 0.00 .20 0.12 0.00 12.09 u9 146
13 5.60 0.00 5.60 0.16 0.00 16.12 n7 144
i 6.80 0.00 6.80 0.20 0.00 19.57 u5 2
15 7.95 0.00 7.95 0.23 0.00 22.88 Ll k1
16 9.55 0.00 9.55 0.27 0.00 27.48 43 w2 |
17 10.85 0.00 10.85 0.37 0.00 31.22 n3 w2 !
18 12.05 0.00 12.05 0.35 0.00 34.68 43 w2
19 13.15 0.00 13.15 0.38 0.00 37.8h h o
20 1m.11 0.00 .11 0.41 0.00 10.60 un 140
21 15.31 0.00 15.31 0.4 0.00 ul. 06 u3 139
22 16.71 0.00 16.71 0.u48 0.00 us. 09 1 138
23 18.21 0.00 18.21 0.52 6.00 52.40 41 132
2y 18.75 0.30 19.05 0.55 0.36 53,96 uo 130
25 19.71 0.50 20.21 0.58 0.17 56.72 1no 121
26 19.93 1.40 21.33 0.61 0.80 57.35 50 118
27 20.11 2.30 22.41 0.64 0.83 57.87 55 117
28 20.23 3.40 23.63 0.68 0.90 58.22 56 IRT I
29  20.36 .40 24.76 0.71 0.88 58.59 57 110
30 20.43 5.40 25.83 0.7 0.93 58.79 57 s !
31 20.49 6.40 26.89 0.77 0.94 58.96 5 106 |
32 20.58 7.60 28.18 0.81 0.93 59. 2: 57 101
33 20.66 8.70 29.36 0.80 0.93 59.15 68 90
38 20.68 9.80 30.48 0.88 0.98 59.51 78 92
35 20.71 10.80 31.51 0.91 0.97 59.60 77 91
36 20.77 11.90 32.67 0.94 0.95 59.77 78 97
37 20.79 13.10 33.89 0.98 0.98 59.83 75 100
38 20.85 .20 35.05 1.01 0.95 60.00 71 103
39 20.87 15.20 36.07 1.04 0.98 60.06 66 106
o 20.92 16.20 37.12 1.07 0.95 60.20 62 107




Table B.28: Continued.

Time Np Wp Wi Qiw FW Rt p T
min cc cc cc THPV T(THPY) Psi ¢
u1 20.96 17.10 38.06 1.10 0.96 60.32 59 108
42  20.98 17.90 38.88 1.12 0.98 60.37 57 110
43 20.98 18.80 39.78 1.1 1.00 60.37 56 110
up 21,02 19.80 10.82 1.17 0.96 60.49 54 13
45 21.05 20.80 u1.85 1.20 0.97 60.58 51 111
w6 21,11 21.90 43.01 1.2n 0.95 60.75 51 1y
7T 21.19 23.00 un. 19 1.27 0.93 60.98 53 116
us  21.20 24.10 15,30 1.30 0.99 61.01 51 116
49 21,24 25.20 u6. 44 1.34 0.96 61.12 50 115
50  21.26 26.20 n7.46 1.37 0.98 61.18 50 115
51 21.29 27.20 u8.49 1.40 0.97 61.27 50 115
52 21.31 28.20 49.51 1.42 0.98 61.32 50 15
53 21.35 29.30 50.65 1.146 0.96 61.40 49 115
54 21.44 30.20 51.64 1.49 0.91 61.70 u9 11y
55  21.53 31.20 52.73 1.52 0.92 61.96 n9 1y
56 21.61 32.30 53.91 1.55 0.93 62.19 ) 118 ;
57  21.68 33.30 54.98 1.58 0.93 €2.39 ns 1My
58  21.72 34,40 56.12 1.61 0.96 62.50 47 1y
59  21.77 35.30 57.07 1.64 0.95 62.65 u7 13 .
60  21.81 36.40 58.21 1.68 0.96 €2.76 n7 13
61 21.85 37.50 59.35 1.71 0.96 62.88 46 N2
62  21.87 38.60 60.u7 1.74 0.98 62.94 u6 12
63 21.92 39.80 61.72 1.78 0.96 63.08 6 nz
64 21.97 40.90 62.87 1.81 0.96 63.22 u5 11 §
65 21.99 42.00 63.99 1.84 0.98 63.28 45 11
66  22.00 43.10 65.10 1.87 0.99 63.31 45 111 f
67  22.06 54,10 66.16 1.90 0.94 63.48 45 11
68  22.11 45.10 67.21 1.93 0.95 63.63 5 11
69  22.12 16.20 68.32 1.97 0.99 63.65 Ly 11
70  22.18 u7.10 69.28 1.99 0.94 63.83 uy 1M1
71 22.20 48.10 70.30 2.02 0.98 63.88 Ty 111
72 22.21 49._20 71.41 2.05 0.99 63.91 ! 111
73 22.23 50.20 72.43 2.08 0.98 63.97 nn 111
™ 22.25 51.30 73.55 2.12 0.98 6".03 u3 11
75 22.27 52.40 .67 2.15 0.98 64.09 u3 111
76 22.29 53.50 75.79 2.18 0.98 6.1 u3 112
77 22.30 54.50 76.80 2.21 0.99 6. 17 ul 114
78 22.34 55.50 77.84 2.24 0.96 64 .29 15 110
79 22.34 56.60 78.94 2.27 1.00 64.29 s 114
80  22.35 57.70 80.05 2.30 0.99 611.32 n9 115




Fable B.28: Continued.

Time Np Wp Wi Qiw 2% Rt p T
min ce cc  cc THPV Z(THPY) Psi &
81  22.40 58.70 81.10 2.33 0.95 64 .16 46 17
82  22.46 59.70 82.16 2.36 0.94 64.63 un 17
83  22.u6 60.70 83.16 2.39 1.00 64.63 "5 118
84 22.u6 61.70 34.16 2.42 1.00 64.63 45 118
85  22.47 62.90 85.37 2.46 0.99 61 .66 uh 119
86  22.50 64.00 86.50 2.49 0.97 64.75 uh 120
87  22.52 65.10 87.62 2.52 0.98 6h.81 10 121
88 22.54 66.20 88.74 2.55 0.98 61 .86 37 120
89  22.54 67.20 89.74 2.58 1.00 6h.86 36 120
90  22.59 68.20 90.79 2.61 0.95 65.01 1o 18
91  22.59 69.40 91.99 2.65 1.00 65.01 i 11
92 22.59 70.50 93.09 2.68 1.00 65.01 n7 18|
93 22.64 71.50 9L 14 2.71 0.95 65.15 4o 18 !
ou  22.64 72.50 95. 14 2.74 1.00 65.15 35 17 |
95 22.64 73.70 96.34 2.77 1.00 65.15 33 17 l
96  22.64 74.80 97.44 2.80 1.00 65.15 31 1y !
97  22.67 75.80 98.47 2.83 0.97 65.24 3n 1 |
98  22.67 76.80 99.47 2.86 1.00 65.2h 36 116
99  22.67 77.80 100.47 2.89 1.00 65. 2 36 115
100 22.71 78.80 101.51 2.92 0.96 65.35 37 114
101 22.72 79.90 102.62 2.95 0.99 65.38 37 114
102 22.72 81.00 103.72 - 2.98 1.00 €5.38 38 114
103 22.78 82.00 104.78 3.02 0.9 65.55 38 1y
108 22.78 83.00 105.78 3.04 1.00 €5.55 38 U
105  22.78 84.00 106.78 3.07 1.00 €5.55 38 1z |
106  22.85 85.10 107.95 3.1 0.94 ¢5.76 38 12 [
107 22.85 86.10 108.95 3.14 1.00 €5.76 37 1z !
108  22.85 87.10 109.95 3.16 1.00 65.76 37 112
109  22.85 88.10 110.95 3.19 1.00 65.76 37 112
110 22.85 89.10 111.95 3.22 1.00 65.76 36 109
111 22.85 90.10 112.95 3.25 1.00 65.76 3 106
112 22.85 91.20 114.05 3.28 1.00 65.76 3 102
113 22.85 92.30 115.15 3.31 1.00 65.76 3 101
18 22.85 93.140 116.25 3.35 1.00 65.76 37 103
115 22.85 9450 117.35 3.38 1.00 65.76 38 106
116  22.85 95.70 118.55 3.41 1.00 65.76 39 108
117 22.85 96.80 119.65 3.4 1.00 65.76 u6 110
18 22.85 97.90 120.75 347 1.00 65.76 56 112
119  22.85 98.90 121.75 3.50 1.00 65.76 39 114
120  22.85 99.90 122.75 3.53 1.00 65.76 37 116




Table B.29: Raw and Computed Results for Rung 29

(hot-water-driven solvent slugs, Q=2

cec/min, mode

1y,

314

Time

Wi

Np Wp Qiw FW Rt P T
min cc cc ce THPV F(THPVY) Psi 8 X
1 0.00 0.00 0.00 0.00 0.00 0.00 20 100
2 0.00 0.00 0.00 0.00 0.00 0.00 55 100
3 0.00 0.00 0.00 0.00 0.00 0.00 106 99
4 0.00 0.00 0.00 0.00 0.00 0.00 253 97
5 0.00 0.00 0.00 0.00 0.00 0.00 530 95
6 1.40 0.00 1.140 0.04 0.00 3.95 200 9l
7 5.40 0.00 5.40 0.15 0.00 15.22 113 95
8 7.30 0.00 7.30 0.21 0.00 20.57 135 ou
9 9.35 0.00 9.35 0.26 0.00 26.35 140 95 i
1 11.20 0.00 11.20 0.32 0.00 31.57 150 96 |
1 13.05 0.00 13.05 0.37 0.00 36.78 153 97 |
12 14,95 0.00 .95 0.42 0.00 2.1 155 98 |
13 16.13 0.20 16.33 0.146 0.14 15.46 164 98
W 16.55 1.80 18.35 0.52 0.79 46.65 168 103 |
15 16.95 3.50 20.45 0.58 0.81 B7.77 175 106
16 17.35 5.30 22.65 0.64 0.82 18.90 180 108
17T 7.00 24.7 0.70 0.83 19.92 175 11
18 17.99 8.80 26.79 0.76 0.87 50.70 175 112
19 18.26 10.70 28.96 0.82 0.88 51.47 188 114
20 18.42 12.60 31.02 0.87 0.92 51.92 195 115
21 18.53 14,10 32.93 0.93 0.94 52.23 203 115
22 18,71 16.20 34.91 0.98 0.91 52.73 205 117
23 18.87 18.10 36.97 1.04 0.92 53.18 217 117
28 19.05 20.00 39.05 1.10 0.91 53.69 220 117
25 19.16 21.80 40.96 1.15 0.94 54.00 223 17
26 19.28 23.60 42.88 1.21 0.94 54.30 226 17
27 19.35 25.60 u4.95 1.27 0.97 54,504 232 115
28 19.43 27.60 47.03 1.33 0.96 54.76 242 115
29 19.56 29.10 48.96 1.38 0.93 55.13 256 115
30 19.70 31.40 51.10 1.4h 0.93 55.52 215 15
: 31 19.85 33.30 53.15 1.50 0.93 55.95 257 116
{ 32 20.03 35.30 55.33 1.56 0.92 56.45 257 116
i 33 20.19 37.10 57.29 1.61 0.92 56.91 273 116
s ™ 20.32 38.90 59.22 1.67 0.93 57.27 265 116
? 35 20.50 40.60 61.10 1.72 0.90 57.78 283 116
’ 36 20.66 42.60 63.26 1.78 0.93 58.23 275 116
37 20.80 uly. 40 65.20 1.84 0.93 58.62 277 115
38 20.97 46.40 67.37 1.90 0.92 59.10 286 114
39 2115 48.30 69.45 1.96 0.91 59.61 280 14
w  21.22 50. 30 71.52 2.02 0.97 59.81 296 114




fablie B.29: Continued.

j
Time Np Wp Wi Qiw FW Rt P T
min cc cc cc THPY %(THPV) Psi (f
41 21.27 52.40 73.67 2.08 0.98 59.95 297 114
42 21.30 54.40 75.70 2.13 0.99 60.03 310 113
43 21.32 56.50 77.82 2.19 0.99 60.09 310 113
uy 21.38 58.60 79.98 2.25 0.97 60.26 310 113
us 21.41 60.60 82.01 2.31 0.99 60.34 298 113
u6 21.45 62.60 84.05 2.37 0.98 60.46 275 13
47 21.47 64.50 85.97 2.42 0.99 60.51 285 13
ng  21.50 66.30 87.80 2.47 0.98 60.60 315 LAER
49 21.57 68.20 89.77 2.53 0.96 60.79 333 112
50 21.60 70.10 91.70 2.58 0.98 60.88 320 112
51 21.65 72.10 93.75 2.64 0.98 61.02 325 112
52 21.66 74.10 95.76 2.70 1.00 61.05 32u 112
53 21.70 76.10 97.80 2.76 0.98 61.16 315 112
54 21.75 78.00 99.75 2.81 0.97 61.30 317 110
55 21.80 79.90 101.70 2.87 0.97 61.41 323 110
56 21.83 81.90 103.73 2.92 0.99 61.53 338 110
57 21.86 84.00 105.86 2.98 0.99 61.61 302 110
58 21.93 86.10 108.03 3.04 0.97 61.81 307 110
59 21.98 88.10 110.08 3.10 0.98 61.95 320 110
60 22.02 90.20 112.22 3.16 0.98 62.06 2u5 110
61 22.04 92.30 114,34 3.22 0.99 62.12 245 110
62 22.06 94.30 116.36 j.28 0.99 62.18 300 110
63 22.06 96. 30 118.36 3.34 1.00 62.18 42 110
64 22.06 98.30 120. 36 3.39 1.00 62.18 353 110




Ffabhle B.30: Raw and Computed Results for Run§ 30

{hot-water-driven slovent stugs, Q=4 cc/min, mode 11).

-
t
Time Np Wp Wi Qiw Fw Rt P T 1
min ce ce ce THPV L(THPVY) Psi &
1 0.00 0.00 0.00 0.00 0.00 0.00 20 90
2 0.00 0.00 0.00 0.00 0.00 0.00 ns 91
3 1.42 0.00 1.42 0.04 0.00 B.11 186 91
M 3.86 0.00 3.86 0.11 0.00 11.16 540 90
5 8.08 0.00 8.08 0.23 0.00 23.37 100 92
6 11.36 0.00 11.36 0.33 0.00 32.85 101 95
7 14.38 0.00 14,38 0.42 0.00 n1.58 101 97
8  15.98 2.40 18.38 0.53 0.60 u6.21 106 100
9  16.60 5.70 22.30 0.64 0.84 48.00 107 103
10 17.13 9.10 26.23 0.76 0.87 n9.54 108 107
11 17.45 12.50 29.95 0.87 0.91 50. 16 106 109
12 17.81 16.00 33.81 0.98 0.91 51.50 104 18
13 18.05 19.50 37.55 1.09 0.94 52.20 102 17
i 18.23 23.10 51.33 1.20 0.95 52.72 108 118
15 18.46 26.80 u5.26 1.31 0.94 53.38 14 121 !
16 18.58 30.40 48.98 1.42 0.97 53.73 117 121 !
17 18.76 34.20 52.96 1.53 0.95 54.25 118 121 |
18 19.04 38.00 57.00 1.65 0.93 55.06 118 120
19 19.30 41.90 61.20 1.77 0.94 55.81 120 17
20 19.49 45.70 65.19 1.89 0.95 56.36 121 15
21 19.67 49.50 69.117 2.00 0.95 56.88 122 112 i
22  19.83 53.40 73.23 2.12 0.96 57.35 124 09 |
23 19.98 57.40 77.38 2.24 0.96 57.78 122 106
24 20.03 61.60 81.63 2.36 0.99 57.92 123 102
25  20.16 65.60 85.76 2.8 0.97 58. 30 122 101
26  20.28 69.50 89.78 2.60 0.97 58.65 122 98
27  20.46 73.40 93.86 2.71 0.96 59.17 122 98
28  20.57 77.40 97.97 2.83 0.97 59.149 122 98
20  20.7 81.30 102.01 2.95 0.97 59.89 121 99
30 20.83 85.20 106.03 3.07 0.97 60.24 120 99
31 20.97 89.10 110.07 3.18 0.97 60.6M 121 101
32 21.04 92.90 113.94 3.29 0.98 60.8M 17 104
33 21.07 96.70 117.77 3.41 0.99 60.93 18 106
3 21.10 100.60 121.70 3.52 0.99 61.02 118 107
35 21.10 104.40 125.50 3.63 1.00 61.02 116 109
36 21.10 108.20 129.30 3.7 1.00 61.02 116 109




Table B.31: Raw and Computed Results for Run# 31

(hot-water-driven solvent slugs, Q=2

cc/min, mode

1),

317

Time No Wp Wi Qiw FW Rt p T
min cc ce cec THPV %{ THPV) Psi é:
1 0.00 0.00 0.00 0.00 0.00 0.00 5 103
2 0.00 0.00 0.00 0.00 0.00 0.00 26 103
3 0.00 0.00 0.00 0.00 0.00 0.00 n2 102
y 0.00 0.00 0.00 0.00 0.00 0.00 71 99
5 0.00 0.00 0.00 0.00 0.00 0.00 an o8
6 1.20 0.00 1.20 0.04 0.00 3.58 hh 98
7 3.30 0.00 3.30 0.10 0.00 9.83 235 96
8 5.40 0.00 5.40 0.16 0.00 16.09 2u5 95
9 8.90 0.00 8.90 0.27 0.00 26.52 237 95
10 11.90 0.00 11.90 0.35 0.00 35.16 180 95
1 14.80 0.00 14.80 0.4n 0.00 nh.10 108 98
12 17.20 0.00 17.20 0.51 0.00 51.25 98 102
13 17.53 1.70 19.23 0.57 0.8l 52.23 88 108
14 17.71 3.60 21.31 0.63 0.91 52.77 73 112
15 17.86 5.50 23.36 0.70 0.93 53.22 62 118
16 17.91 7.40 25.31 0.75 0.97 53.37 56 121
17 18.01 $.20 27.21 0.81 0.95 53.67 58 120
18 18.12 11.10 29.22 0.87 0.95 53.99 61 118
19 18.13 13.10 31.23 0.93 1.00 54.02 62 17
20 18.24 15.00 33.24 0.99 0.95 54,35 63 1My
21 18.32 17.00 35.32 1.05 0.96 54.59 Gl 113 .
22 18.46 18.90 37.36 1.11 0.93 55.01 64 IR
23 18.56 20.80 39.36 1.17 0.95 55.30 63 109 |
2n 18.73 22.70 u1.43 1.23 0.92 55.81 63 107 i
25 18.80 24,70 43.50 1.30 0.97 56.02 62 101
26 18.90 26.60 45.50 1.36 0.95 56.32 61 101 |
27 19.01 28.60 47.61 1.42 0.95 56.64 60 102
28 19.13 30.50 19.63 1.48 0.94 57.00 58 102
29 19.25 32.50 51.75 1.54 0.94 57.36 58 102
30 19.30 34.40 53.70 1.60 0.97 57.51 58 104
31 19.40 36.30 55.70 1.66 0.95 57.81 59 104
32 19.50 38.10 57.60 1.72 0.95 58.10 59 105 |
33 19.58 39.90 59.48 1.77 0.96 58.34 58 105
3n 19.62 41.80 61.42 1.83 0.98 58.16 57 105
35 19.72 43.70 63.42 1.89 0.95 58.76 56 105
36 19.79 45.70 65.49 1.95 0.97 58.97 56 105
37 19.85 47.70 67.55 2.01 0.97 59.15 55 107
38 19.96 49.70 69.66 2.08 0.95 59.48 55 107
39 20.04 51.70 71.74 2.1 0.96 59.71 55 107
) 20.14 53.60 73.74 2.20 0.95 60.01 58 107
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Table B.31: Continued.
Time Np Wp Wi Qiw Fw Rt p T !
min ce ce cc THPY %(THPV) Psi ¢ :
t
{
u1 20.24 55.50 75.74 2.26 0.95 60.31 nn 107 |
2 20.29 57.40 77.69 2.31 0.97 60.46 u7 107
u3 20.36 59.30 79.66 2.37 0.96 60.67 50 107
N 20.u6 61.10 81.56 2.43 0.95 60.97 52 107
45 20.59 63.00 83.59 2.49 0.94 61.35 53 107
u6 20.62 65.00 85.62 2.55 0.99 G1.4n 53 107
ny 20.72 66.80 87.52 2.61 0.95 61.74 53 107
ug 20.72 68.70 89.42 2.66 1.00 61.7h 53 107
49 20.82 70.60 91.42 2.72 0.95 62.00 52 107
50 20.88 72.50 93.38 2.78 0.97 62.22 52 107 ¢
51  20.92 74.50 95.42 2.84 0.98 62.3h 52 07
52 20.99 76.40 97.39 2.90 0.96 62.54 51 107
53 21.09 78.30 99.39 2.96 0.95 62.84 52 107 |
54 21.19 80.20 101.39 3.02 0.95 63.14 52 107
55 21.29 82.20 103.49 3.08 0.95 63.44 51 107
56 21.39 84.00 105.39 3.14 0.95 63.74 51 107
57 21.145 85.90 107.35 3.20 0.97 63.92 51 107 |
58 21.54 87.90 109.44 3.26 0.96 64.18 50 106 !
: 59 21.64 89.70 111.34 3.32 0.95 64.48 50 106 |
{ 60 21.67 91.60 113.27 3.38 0.98 64.57 50 106
: 61 21.67 93.50 115.17 3.43 1.00 64.57 50 106
i 62 21.67 95.50 17.17 3.49 1.00 61.57 50 106
! 63 21.67 97.30 118.97 3.54 1.00 64.57 9 106
; 64 21.67 99.30 120.97 3.60 1.00 6,57 u9 106 !
{ 65 21.67 101.10 122.77 3.66 1.00 61.57 19 106
! 66 21.67 102.90 124,57 3.71 1.00 64.57 51 106
i 67 21.67 104. 80 126.47 3.77 1.00 64.57 53 106
68 21.67 106.60 128.27 3.82 1.00 64.57 53 106
69 21.67 108.40 130.07 3.88 1.00 64.57 53 106
70 21.67 110.40 132.07 3.94 1.00 6. 57 5N 106 |
71 21.67 112.40 134.07 3.99 1.00 64.57 54 106
72 21.67 114.40 136.07 4.05 1.00 6h.57 51 106
73 21.67 116.10 138.07 b.11 1.00 64.57 5h 106




1)
[
0

Table B.32: Raw and Computed Results For Rungy 32
(hot-water-driven solvent sliugs, Q=4 cc/min, mode 1),
[
" Time Np Wp Wi Qiw FW Rt P T
min cc ce ce THPY %(THPV) Psi ¢
1 0.00 0.00 0.00 0.00 0.00 0.00 9 93
2 0.00 0.00 0.00 0.00 0.00 0.00 36 93
3 1.80 0.00 1.80 0.05 0.00 5.32 noo 93
y 5.90 0.00 5.90 0.17 0.00 17.45 635 93 !
5 9.40 0.00 9.40 0.28 0.00 27.79 68 96 i
6 12.80 0.00 12.80 0.38 0.00 37.85 80 57
7 16.10 0.00 16.10 0.48 0.00 u7.60 a1 100
8 17.51 2.70 20.21 0.60 0.66 51.77 79 103
9 18.51 5.80 24,31 0.72 0.76 54,73 76 105
10 19.03 9.40 28.43 0.84 0.87 56.27 76 108 |
11 19.46 13.00 32.46 0.96 0.89 57.54 81 1o |
12 19.76 16.80 36.56 1.08 0.93 58.13 78 116 |
13 19.96 20.70 40.66 1.20 0.95 59.02 70 119 !
W 20.16 24.60 k.76 1.32 0.95 59.61 69 122 |
15 20.33 28.50 48.83 1.4n 0.96 60.11 76 120 ‘
16 20.46 32.40 52.86 1.56 0.97 60.50 77 122
17 20.55 36.40 56.95 1.68 0.98 60.76 78 122
18 20.63 40.59 61.13 1.81 0.98 61.00 79 120
19 20.70 ny. 49 65.10 1.92 0.98 61.21 81 120
20 20.75 48.30 69.05 2.04 0.99 61.35 83 119
21 20.78 52.20 72.98 2.16 0.99 61.44 84 118 |
22 20.89 56.00 76.89 2.27 0.97 61.77 85 AUS
23 21.00 59.80 80.80 2.39 0.97 62.09 8l 113 !
2y 21.06 63.80 84.86 2.51 0.99 62.27 82 114 ’
25 211 67.70 88.81 2.63 0.99 62.42 83 115
: 26 21.18 71.60 92.78 2.74 0.98 62.63 82 1s
27 21.18 75.60 96.78 2.86 1.00 62.63 82 116 |
; 28 21.19 79.60 100.79 2.98 1.00 62.66 83 17
; 29 21.21 83.70 104.91 3.10 1.00 62.71 82 117
30 21.34 87.60 108.91 3.22 0.97 63.10 86 116
; 31 21.34 91.50 112.84 3.34 1.00 63.10 88 116
32 21.34 95.50 116.81 3.05 1.00 63.10 89 17
! 33 21.34 99.60 120.94 3.58 1.00 63.10 86 117
: 34 21.34 103.60 124.94 3.69 1.00 63.10 8h 117
g 35 21.34 107.60 128.94 3.81 1.00 63.10 83 117
! 36 21.34 111.60 132.94 3.93 1.00 63.10 82 116




Appendix C
Inlet Pressure and Temperature
Histories for Flood Runs
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Figure C.1: Inlet pressure and temperature vs. water injected for Run# 3
(hot-water—driven reformate slug, Q = 1 cc/min).
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Figure C.2: Infet pressure gnd temperature vs. water injected for Run# 4

(hot~water-driven reformate slug, @ = 1 cc/min).

(D]

~no



—
—

Pressure ( Ps

1,600

1400 . ahd

240
/"

320

3

1,200

(t)

1,000 L

80O} /
BOOf-—m

2
Temperature

200+ — Pressure
-+-- Temperature 0
O—
0 1 2 3 4

Water Injected ( THPV )

Figure C.3: Inlet pressure and temperature vs. woter injected for Run# 6
(hot—water—driven reformate slug, Q = 1 cc/min).
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Figure C.7: Inlet pressure and temperature vs. water injected for Run#

(hot~water~driven naphtha slug, @ = 1 cc/min).
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Figure C.11: Inlet pressure and temperature vs. water injected for Run# 9
(hot—water—driven reformate slug, mode |, Q = 4 cc/min).
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Figure C.13: Inlet pressure and temperature vs. water injected for Run# 26
(hot-water—driven naphtha slug, mode l, Q =1 cc/min).
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Table D.1: Water Saturation Data (Extraction Metlhod) for All Flooding Runs.

Run Zone Zone Core Pore Forosity Water Core Zonoe :
] Length | Length Volume % Extracted Sw Sw :
cm cm cc cc % %
Tar 8.35 8.35 9.96 23.5 0.9 9.04 9.04
1
8.12 9.63 23.4 5.0 51.92
0i1 | 16.86 53.02
8.74 10.35 23.4 5.6 54.11
Tar 9.50 9.50 11.47 23.8 1.8 15.74 15.70
2 ]
9.49 11.31 23.5 6.9 61.02
0il | 18.95 63.75
9.46 11.28 23.5 7.5 66.48
Tar 9.10 9.10 11.60 24.2 2.8 25.14 25.14
3
8.67 10.67 24.3 6.4 59.98
0il | 17.45 61.24
8.78 11.04 24 .8 6.9 62.50
Tar 9.04 9.04 10.67 T 23.2 2.5 23.40 23.40
4 . i
10.18 12.38 240 7.4 59.77
0il | 18.52 . 61.48
8.34 9.97 23.6 6.3 63.19
Tar | 9.23 | 9.23 | 11.41 208 | 2.8 24.50 | 24.50 |
5 Vo N
8.67 10.59 24.1 6.1 57.60
0il | 18.67 o 59.05 |
10.00 12.06 23.8 7.3 60.50 ;
Tar | 9.14 | 9.14 | 10.93 23.6 | 2.5 22.90 | 22.90 °
6 e L
8.95 11.34 25.0 6.1 53.80 :
0il | 17.80 1 55.15
8.85 10.98 24.5 6.2 56.50
Tar 8.60 8.60 10.50 241 27 25.70 25.70
7 =
8.95 10.81 23.7 n.8 n4 40
0il | 17.40 | 6.80 8.41 204 | 3.8 45.18 | 45.51
1.60 2.02 24.9 0.95 47 .03
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Table D.1: Continued.
Run Zone Zone Core Pore Porosity Water Core Zone i
Length | Length Volume % Extracted Sw Sw i
cm cm cc ce % %
Tar 8.44 8.44 10.39 24.3 2.0 23.10 23.10
8 R
8.36 9.42 22.3 H.6 48.80
0il1 | 16.57 50.34
8.21 8.87 21.1 4.6 51.88
Tar | 8.45 | 8.45 10.19 23.3 2.6 25.50 25.50 |
9 e
8.22 9.55 22.9 4.4 46.07
0il | 16.50 n7.34
8.28 9.67 23.1 4.7 48.60
Tar 8.20 8.20 9.74 22.7 2.6 23.60 23.60
10
7.90 9.24 22.5 4.1 44 .34
0i1 | 15.60 46.05
7.70 9.42 22.3 n.s 47.75
Tar 9.22 9.22 11.13 23.1 2.3 20.70 20.70
11
9.13 11.17 23.4 6.0 53.70
0il | 18.41 56.70
9.28 11.06 22.8 6.6 59.60
Tar 9.14 9.14 10.77 22.9 20 18.57 18.57
12 . ]
9.09 11.04 23.6 5.7 51.60
0il | 18.30 54.90
9.21 10.99 23.2 6.1 58.20 ‘
i 9.14 | 10.18 21.3 | 6.9 67.80 S
13 0il | 18.30 61.60
! 9.23 9.94 20.6 6.1 61.40 ;
i
i 9.32 9.80 20.12 6.5 66.30
14 ! 0il | 18.83 61.30
i 9.51 9.59 19.2 5.4 56.30
i 9.46 | 10.24 20.7 6.3 61.52 )
15§ 0il | 18.81 60.62
! 9.35 9.88 20.2 5.9 59.72
i
8.75 9.48 21.4 6.9 72.80
16 | 0il | 18.74 70.70
! 9.99 10.93 21.6 7.5 68.62
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Table D.1: Continued.

Run Zone Zone Core Pore Porosity Watex Core Zone
# Length | Length Volume % Extracted Sw Sw
cm cm cec cc b4 %
10.26 10.55 20.3 7.2 68.20
17 0il 19.18 65.70
8.92 9.49 21.0 6.0 63.20
10.24 11.05 21.3 7.3 66.10
18 0il 18.82 63.15
8.58 9.48 21.8 5.7 60.20
Tar 9.93 9.93 10.96 21.8 3.0 27.40 27 .40
19
12.73 13.74 21.3 5.5 40.00
0il 20.47 40.76
7.74 8.43 21.5 3.5 41.52
Tar 10.54 10.54 11.34 21.2 3.5 30.86 30.86
20
10.11 10.86 21.2 5.9 54 .33
0il 20.95 55.71
10.84 11.21 20.4 6.4 57.09
Tar 10.06 10.06 11.51 22.6 2.6 22.60 22.60
21
9.84 10.52 21.1 6.2 58.94
0il 19.99 59.74
10.15 11.73 22.8 7.1 60.53
Tar 10.54 10.54 11.71 21.9 2.5 21.35 21.35
22
10.08 10.88 21.3 6.3 57.90
0il 20.36 59.32
10.28 11.36 21.8 6.9 60.74
Tar 10.47 10.47 10.82 20.4 2.4 22.20 22.20
23 1.
10.87 11.07 20.1 5.7 51.49
0il 20.89 . 52 .34
10.02 10.53 20.7 5.6 53.18
Tar 10.29 10.29 10.85 20.8 2.6 23.90 23.90
24
10.63 11.26 20.9 5.4 47.96
0il 20.57 48 .57
9.94 10.73 20.6 5.1 49.18




Table D.1: Continued.
Run Zone Zone Corxe Pore Porosity Water Core Zone !
# Length | Length Volume % Extracted Sw Sw
cm cm cc cc b4 %
Tar 10.11 10.11 11.90 23.2 2.8 23.60 23.60
25 ]
12.39 13.84 22.0 8.5 61.40
0il 21.11 6h .27
8.72 9.41 21.3 6.3 67.00
Tar 10.30 10.30 11.64 22.3 3.2 27.50 27.50
26 o
10.26 11.13 21.4 6.6 59.30
0il 20.30 62.25
10.04 10.58 20.8 6.9 65.20
Tar 10.09 10.09 11.85 23.2 2.8 23.60 23.60
27 _
10.83 11.74 21.4 7.h 63.00
0il 20.67 66.20
9.84 10.52 21.1 7.3 69.40
Tar 10.14 10.14 11.72 22.8 3.1 26.50 26.50
28 | i
12.39 13.63 21.7 8.4 61.60 i
0il | 20.10 63.80 |
8.71 9.40 21.3 6.2 66.00
Tar 10.23 10.23 11.82 22.8 2.7 22.80 22.80
29 . . o
8.18 9.37 22.6 5.6 59.77
0il 21.50 S 60.67
13.32 14.29 21.2 8.8 61.58
Tar 10.13 10.13 11.86 23.1 3.0 25.30 25.30
30 —_ e ean ——
11.02 12.67 22.7 6.9 54 .46 :
0il | 20.65 — 55.01 |
9.63 10.98 22.5 6.1 55.56
Tar 10.18 10.18 11.84 22.9 2.9 24.50 24.50
31 o
9.96 10.75 21.3 6.1 56.10
0il 20.58 e 59.10
10.62 11.89 22.1 7.3 61.40
Tar 10.25 10.25 11.87 22.8 3.1 26.10 24.50
32 _
12.30 13.46 21.6 7.3 54.20
0il 21.03 56.30
8.73 9.42 21.3 5.5 58.40




