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Introduction

The concept of installing an oil collector immediately above
a subséa blowout has been considered for a long time. The most
ambitious implementation of such a collecting device at sea was
carried at the IXTOC blowout during the Fall of 1979. Figure 1
shows a photograph of the collecting device used at IXTOC. The
triangular truss.was supported from a platform 200 feet from thé
well. 0il, gas and water entered the conical collector above the
wellhead and was carried by gas-1lift up the sloping_rise: to
separation equipment on the platform.

Once a blowout has occurred it is‘not feasible to seal a
collector to the seabed around the blowout for several reasons.
Even under the best of circumstances, sealing of the collector
in a tight way to the bottom would be extremely difficult. 1In
most conditions, there is a certain amount of debris around the
wellhead whose presence would make such sealing impossible. There-
fore, plans for emergency response to a blowout would generally
be based on havipg the cdllector some distance abqve the seabed.

The major part of this repbrt deals with the results of a
laboratory study of subsurface collectors above the bottom. Dif-

ferent collector sizes and shapes were tested. With ==rh collector,

various oil flow rates, gas flow rates and riser resistances (which

affects the total liguid flow through the riser) were fested. The in-



fluential factors on performance have been identified with the
conclusion that effective subsurface coilection with a collector
above the well head can indeed be achieved,

We have found that under most circumstances the amount of
gas coming from a well will be more than the amount required for
most efficient collector operation. The fraction of escaping oil. .
which 1is collected is diminished as the gas flow is increased
to values above optimum. To overcome this difficulty, we have
deviééd a collector which separates the gas from the ligquid in
a way that the performance is not degraded by increasing the gas
flow rate from its optimum value. Although a comprehensive ser-
ies of experiments on simple (non-separating) collectors was
carried out and reported here, we have had only enough time to
carry out preliminary tests with a separating collector. These
preliminary tests, which are reported here, are sufficient to
demonstrate the complete feasibility of a separating collector,
but we plan to more fully explore the nature of the operation of
separating collectors through more experiments in the fuﬁﬁre.

It was mentioned above that it is generally not feasible to
seal to the sea bottom a collector used for emergency response
to a blowout. However, it is feasible to seal a collector to the
bdttom before drilling begins. Such a collector, which might be
installed in areas which are not acceptable for emergency reponse,
such as in the arctic, would have drilling and production taking

place through a special port in the top of the collector. We have



carried out a series of laboratory scale tests on a"bottom mounted
collector ." Although these collectors were sealed to the bottom,
they were not completely closed. A number of holes were located
in the sides of the collector. The sizes of these holes were
varied in order to learn how the amount of hole area affects var-
ious aspects of performance. One of the things which we learned
was that a relatively large'amount of water enters the cOllection
System through very small holes. 1In addition to providing useful
information about bottom-mounted colléctors,.this result shows
the inadvisability of trying to seal an emergency response col-
lector to the bottom. Even relatively small leaks between the
collector bottom and the seabed would reéult in collecting almost
as much water as would be the case with a collector located some

distance above the seabed.

Apparatus and Models

The experiments were carried out in a cylindricai, open-
topped tank having a height of 156" and a diameter of 65",
Twelve viewing ports in the tank wall permitted observation of
many of the experiments. Aair and oil were delivéred to a verti-
cal 2" long section of pipe which acted asanozzle for the simu-
lated blowout. The ranges of the experimental flow rates were
from 2.5 to 20 SCFM of gas and 0.5 to 3.0 GPM of oil. The phy-
sical sizes involved are about 1/15'th of those for actual full-

scale circumstances. For Froude scaling, flow rates scale in



i

proﬁortion to the 5/2's power of the length so that the exper-
imental flow rates correspond to full-scale flow rates of
approximately 3 million to 25 million standard cubic feet of

gas per day and 15,000 to 90,000 barrels of 0il per day; The
largé scaled up values for the oil flow rate were used because
the results for fraction of blowout o0il collected were found

to be insensitive to variations in oil flow rate (the o0il is es-~
sentially d'tracer" in the gas-ligquid plume) and the larger wvol-
umes of 0il were easier to measure in our apparatus than the
smaller volumes.

The inverted cone shaped collectors as shown in Fig. 2 were
tested. When a collector was tested, it was located with its
bottom edge a known distance above the nozzle outlet. The collec-
ted 0il, gas (air) and water passed through a riser to a collecting-
pipe near‘the top of the tank with the air escaping off the top:
of the pipe and the water and oil béing conducted down through
this pipe to a collection tank. The flow was driven up the
riser by gaé~lift just as would be the case in a full-scale
device. Independent e#periments confirmed that the effect of the
riser characteristics on collection were strictly related to riser
resistance. For example, a sﬁall diameter riser with small lift
resulted in identical collection to a large diameter riser with
large lift if both had the same riser resistance. Therefore, the
effect of different riser characteristics could be simulated very
simply by installing a valve near the top of the riser and carrying

out each experiment with different valve settings (resistances).
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Each oil collection experiment wz3  done in the following way.

The collector was first put into operation by establishing the
desired air flow rate. ‘This was measured by means of an orifice
meter in the air delivery system. The gas lift would begin and air
escaped to the top of the room and the collected water came doﬁn the
collection pipe. The arrangement is sketched in Fig. 3. Then,

the desired oil‘fIOW~rate, as measured by a turbine flow meter in
the 0il delivery line was established. The oil used for the experi-
ments was Drakol 7 mineral oil dyed red to make it easily visible.
The red color in the collection pipe outlet became apparent when
the oily flow came out of the system. Several seconds were ailowed
to pass for steady conditions to become established. Then a sample
of the liquid coming out of the collection pipe was taken. The
sample size was approximately 4000 ml. and fhe time to céllect

the sample was measured. This sample was then pouréd into a sepa-
ratory funnel where the o0il and water collected were allowed to
separate. 'The wate; was drained from the separatory funnel into

a calibrated beaker. Then the oil was drained into a calibrated
graduate. By dividing these liquid quantities by the previously
measured cbllection time, the collected water and ©il flow rates
were established. The fraction of blowout oil collected was deter-
mined by dividing the volume of collected 0il by the product of

oil blowout flow rate and collection tite. 501 experiments of this
type were done encompassing a variety of different collectors, oil
flow rates, air flow rates, collector heights, and riser

regsistances.



A ccnceptrfor a collector that might be installed in vulner-
able areas hefore drilling were to begin is sketched in Fig, 4.
Initially, it was thought that if suéh a collector were completely
sea;ed, the internal pressure that might be developed in the pres-
ence of a blowout would be sufficient to break any collector having
an acceptable structure or to blow it right off the seabed. There-
fore, we first envisioned a collector of this type with a few holes
in it having sufficient total area to adequately limit the maximum
internal pressure. To test the concept, a bottom-mounted collector
as sketched in Fig. 5 was tested, Two kinds of experiments with
this collector were done. The first type was comprised of a
series of 102 tests utilizing air and water, without o0il, then the
differences in pressure between the inside‘and the outside of the
collector at the three locations shown in Fig. 5 were measured., The
main purpose of these tests was to establish the pressures angd
forces a bottom-mounted collector might encouﬁter. Secondly, for
a few of these tests oil was introduced thrdugh the nozzle along
with the air for a sufficiently long period of time to determinc
whether Oor not much of the 0il escaped through the holes in the
sides of the collector.

For the open bottom collectors, large amounts of collected
gas were found to have two derogatory effects. First of all, the
fraction of total o0il collected is diminished when the gas flow is
increased because the incfeased gas flow'results in a reduced water

flow into the system. This occurs because maximum gas-lift
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pumpinglin anticipaﬁed riser sizes is achieved with less gas

flbw than generally occurs in blowouts.and also in our experiments.
Since increased water flow draws an increased oil flow into the
system, reduced water flow decreases oil collection. Secondly,
more oil is lost when the gas flow is increased due to actual re-
jection of some of the o0il in the collector to the outside through
and across the collector bottom. For typical operating conditions,
there is a bubble flow zone in the bottom portion of the coliector
and a.mist flow zone near the top with a boundary between the two
zones at some height in the collector that depends on operating
conditions. Near the interface, the intensity of the turbulence

is particularly étrong. As the gas flow rate is increased, this
interface moves lower in the collector and the intensity of the
turbulencé increases. Both of these effeats increase the rejection
of o0il by the internal turbulence.

To minimize the adverse effect of high gas flow rates, wé
devised the collector shown in Fig. 6 which sepafates nmost of the
gas from the remainder of the flow. The valve on the gas fiser can
be closed to the point where a small amodnt of gas escapes from
the inner gas collector to the outer liquid. This small amount of
dgas is closer to the optimum gas for driving the maximum poseible
flow in the liquid riser than the large amount of gas coming from
the well. This overcomes both of the major difficulties mentioned
above which are associated with large gas flow rates. Although a
complete parametric series of tests for the separating collector

(double collector) has not vet been carried out, we did carry out
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nine oil collection experiments to demonstrate the.cohcept and
its feasibility.

It should be mentioned that the pressuré measurement tests
as described above for the bottom-mounted collector, were also

carried out for the Parametric series of simple collectors.

- However, these results do not relate to the main theme of this

report and they are not presented here. They will subsequently

be presented elsewhere.

r



Preliminary Observations of the Pata:

Pll of the oil collectlon measurements for the open bottom
single cone collectors are given in appendix 2. The breliminary
observations to be explained here were used in developing subse-
quent plans for analyzing these data. Before the subsequent analv-
sis, it is useful to consider the fraction (or percent) of outflow
0il collected as the dependent variable and to try to determine the
effects of all other independent variables upon it,

One of the most obvious features of the data shown iﬁ appen-~
dix A is that in nearly all instances the fraction of oil collected
is independent of the oil well outflow rate when other variables
are held fixed. Even in those instances where there is a small
dependence of fraction collected upon the o0il outflow rate, the
effect is relatively small in comparison to other effects on per-

formance. Therefore, by considering the dépendent variable to be

- the fraction of total oil collected, the situation is simplified by

ellmlnatlng the total oil flow rate as an important independent
variable. For each group of data (of three, four, five or six

experiments) the geometry was held fixed and a nominal airflow

- rate was set. Then several total oil flow rates were tested.

Therefore, in order to eliminate total 0il flow rate as a variable
and to treat the small differences in other quantities properly; in
each group of three, four,.five Oor six points for which only the
nominal oil flow rate was varied, the air flow rates, total collected
flow rates, and fraction of oil collected were'averaged. This pre-
liminary data reduction reduced the number of cases for the open

bottom single cone collectors to 96 sets of averages. These
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are:tabluated in appendix B.

Figure 7 shows curves of percent of total oil collected
versus total liquid collection rate for each nominal air flow rate
for each of the collectors using the averaged data for A=7". This figur:
demonstrates very clearly that the most important independent
variables can be viewed as air flow rate and total liguid flow
rate into the collector. For other experimental conditions held
fixed,lthe total collected flow rate is determined by riser
resistance.

With reference to Fig. 72, the data for air flow rates of
2.4, 4.8, 7.1 SCFM as well as the data for 10 and 15 SCFPM for.high
total collected flow rates follow a clear trend. The high total
collected flow réteS‘occur for low riser fesistance ocbtained with
the riser valve fully open. rIn each case, the data for lower total
collected flow rates are obtained with more riser resistance resul-
.ting from a partially closed riser valve. As is demonstrated by
the lowest total collected flow rates for the 10 SCFM and 15 SCFM
cases in Fig. 7A, the clear trend in the data does not hold when
the air flow rate becomes large and the total collected flow rate
becomes small (high riser resistance). This is shown especially
strongly in Fig. 7A for the air flow rate of 20 SCFM where none of
the data obeys the otherwise glear trend. Violation of the clear
trend occurs because some of the air egscapes outside the bottom of
the collector. Mig. 8 shows Lho appearance ol the flow., When air is
not lost outside the bottom of a collector, increasing either the

air flow rate or the riser resistance results in a lowering of the
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‘interfacé in the collector between the bubble zone and the mist

zone. The closer that this interface is to the bottom of a
¢ollector, the highef will be the 0il rejection by the
turbulent flow.

Figure 7B is for the tall collector which did not reject
air for any of the experimental conditions with the result that
all of the data follow the clear trend. The data for Fig. 7C is
for a flat collector which rejected air more easlily than the so-
called standard collector of Fig. 7A so that for Fig.7C more
of the data fail to follow the trend that occurs when air does not
escape odtside the collectér bottom. Figure 7D, which shows the
data for the small collector is particularly interesting. This
small collector rejects the most air of all the collectors for
high air flow rates and as a result, under these éonditions the
small collector collects a much higher fraction of the total es-
caping oil than does any other one of the single cone open bottom
collectors. Furthermore, even at conditions for which air was
not rejected, the small collector collects a somewhat higher
fraction of the escaping oil than the other collectofs operating
at similar conditions. Hence, the collector diameter is influen-
tial on performénce; but not as important as the air and liguid

flow rates.

Dimensional Analysis:

From the standpoéint of dimensional analysis, there are
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nineteén relevant physical independent variables as shown below
in.TaEle 1 (riser resistance is accounted for throught the various
flow rates). The important dependent variable, both for an actual
blowout collection operation and for our experiments is the frac-
-tion of escaping ©0il that is collected.

.ggple 1

Independent Variablesg

d - diameter of outlet nozzle (well bore)
D - diameter of base of collector
g - accelaeration of gravity

h - vertical distance from nozzle (blowout) outlet toG base of
collector

Qg - gas volume flow rate at nozzle (blowout)

Qo - ©0il volume flow rate at nozzle

Qe . volume flow rate of collected oil

Qw = volume flow rate of collected.water

Qp = total collected liquid flow rate (=Qc + Qw)

s — vertical height of collector (base to riser connection)
Tog - oil-gas interfacial tension

Tow — ©il-water interfacial tension

ng-w water-gas interfacial tension

- gas (mass)} density

&

fp ~ 0il density

Ry — water density

vg = kinematic viscosity of the gas
- kinematic viscosity of the oil

Vw = kinematic viscosity of the water



-13~

Dependent Variable

P - fraction of escaping ©il that is collected

Important Independent Dimensionless Groups

F =J%1__ ., Froude Number
fgnS

R = gg , Phase Ratio
9q

E =D y Enclosure Ratio
R _
s

S = 5 . Shape Factor

The nineteen independent variables can be combined into
sixteen independent dimensionless groups which are obﬁiously too
many for efficient analysis of an éxperiment of the type described
nere. Most of these groups can be dismissed from a list of
influential groups by an appeal to the preliminary examination of
experimental results presented in the preceding section.

We know that the volume flow rate of escaping oil (Q had

o!
.no significant influence on the fraction collected. Therefore the
escaping oil flow rate can be eliminated from the list of important
independent variables.

Further simplification of the analysis is obtained by
elimination of all Reynolds and Weber numbers from the list of

influential dimensionless variables. To justify this, viscous

and surface tension offects have 1o e considoerod bobth ot the
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wellhead and in the plume which interacts with the collector.
Three nozzle diameters were tested; having inside diameters
of 0.364", 0.622" and 0.824". The.same collector (#1) was
used for this sequence of tésts. The results show a small
increase in fraction of 0il collected when the 0.364" nozzle
is replaced by the 0.622" nozzle. However, when the nozzle
diameter is increased to 0.824" the fraction collected dimin-
ishes to a.value slightly‘less than was obtained with the 0.364"
" nozzle. The effects of nozzle diameter variations are very
small and show no significant trend. However, the nozzle
diameter changes make rather large variations in the wellhead
Reynolds and Weber numbers. These regults indicate the insen-
sitivity of the fraction collected to these parémeters.

The major effect of viscosity and surface tensions
w1thln the highly turbulent plume and in the collector must
be upon the length scales of the smallest gas bubble and oil
droplet sizes. Observation of the flow shows that much of
the gas is in the form of large bubbles and it is the buoyancy
and turbulence associated with these large bubbles that démin-
ate the flow. The o0il is rapidly divided into small droplets
which follow the motion of the surrounding water., Hence the’
quantity of oil going into the collector and the riser cannot
be significantly influenced by the Reynolds or Weber numbers.
- The size of the oil droplets is affécted by these parameters
which are not the same in the model tests as in a full scale

device. As a result, emulsion properties such as breaking time
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are not scaled between model testé and full scale. Neverthe-
lesé, the fraction of o0il collected can be expected to be
independent of Reynolds and Weber numbers and thﬁs be properly scaled
between model tests and full scale collectors.
Under the conditions described above, the list of im-
portant dimenéionless independent variables is reduced to the

four dimensionless groups shown in Table 1.

Analysis of the Data for the Series of the Single Cone Open
Bottom Collectors:

The preliminary Observations of the data described iﬁ
§3 show that the collection efficiency (fraction collected) is
highly dependent on the total collected flow rate, whose in-
crease generally increases efficiency,tand on the gas flow
rate, whose increase decreases collection efficiency. This
indicates that both the Froude number and the Phase Ratio
{see Table 1) are of major importance determining the fraction
of escaping o0il that is collected. The Froude number effect is
particularly clearin Fig. 9 which is a.graph of fraction collec-
ted vs. Froude number for collector number 4 over an especiélly
wide range of Froude numbers. The data for this figure were
obtained by operating collector 4 not only at various riser
resistances, but also over a wide range of heights so that the
wide range of Froude number was obtained. A nominal air flow

rate of 10 SCFM was maintained for all of these experiments.
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| Further examination of the preliminary observations
of the data show that for a given height of the collector base
above the nozzle (blowout point) and for a given air flow rate
and a given total collected flow rate, the fractions collected
are nearly the same for collectors 1, 2 and 3 unless gas was
escaping outside the bottom of a collector. Therefore, if all
of the escaping gas is collected, the shape factor is not of
major importance.

For any tested air and water flow rates, and for a
distance from collector base to nozzle outlet (h) of 7",
collector 4 (the smallest Oone tested) was superior_tp the
Others as regards collection efficiency. This superior per-
formance is especially marked at high gas flow rates. The
reasoﬁ for this is that at the high gas flow rates more gas
escapes below and beside the small collector than the Oothers.
It was observed previously that high gas flow rates decrease
collection efficiency. Since collector number 4 has more
superiority over the others when it loses the most gas (as
observed by viewing the flow through the tank Observation ports)
we know that at least some of the degradation of colléctioﬁ
efficiency by excess gas resulits from the gas in the collection
system itself. The superior, although less marked, performance
of the small collector over the Others in conditions where all
Qf the gas was collected did not occur for.h=12“. Tests were

done with collectors number 1 and 4 at this height with an air-
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flow rate of 10 SCFM for which nearly all the gas was collected,
Tﬁe performances of the two collectoréwereabout equal.

To learn more about the enclosure ratio effect, we
carried ouﬁ a limited number of tests using the 1.5" inside
-diameter riser alcne without any collector and with the open bottom
end of the riser 7" above the 0.364" diameter nozzle which
simulated the wellhead. -These tests were done with an ai> flow
rate of 10 SCFM and with varying oil flow rates and Froude
numbers (varied by varying the riser resistance); The results
were fractions collected of 0.36 and 0.31 for Froude'numbers.
©f 0.026 and 0.015 respectively. Although these results are
nearly identical to those for collectors 1, 2, and 3; a direct
quantitative comparison cannot be made because the collectors
collected nearly all the gas in these conditions whereas the
riser alone did not. However, these data are helpful in two
important ways.

Fifst, they indicate the basis for the salient effects
of enclosure ratio. One involves the effect of the veloéity
ratio, QT/ gD5 » which is given by F/(E®"%)Y. When this quan-
tity is large, the entrance velocity to the collector is large
which helps to draw in the sﬁrrounding ligquid. Furthermore,
the loss of 0il from inside the collector to the outside is
dominated by the high turbulence ievel inside the collector
which is most vigorous at the interface between the 5ubble zone
and thé mist zone. When the collector diameter is increcased,

both the area of the interface and the volume of the turbulent
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zone are increased. This, coupled with the decrease in
entrance velocity associated with a diameter increase must
necessarily result in an increase in oil rejection from inside
to outside. Another effect is that of the enclosure itself.
When the collector diameter is too small in comparison to the
plume diameter, some oil passes right by the collector and
collection efficiency suffers as in the case of the riser alone
for h=7" and the small collector for h=12". Evidently, the
small collector was large enough for h=7" for its larger en-
trance velocity, as compared to the larger collectors, to re-
sult in superior performance.

Second, these data show that although the influences
of enclosure ratio are of some importance, they are minor in
comparison to those of Froude number and phase ratic, Be-
cause of this, as well as the fact that not enough collector
dlameters were tested to be able to carefully gquantify the
effect of enclosure ratio, this parameter is not included in
the subsequent analysis. Thus the following‘results.must be
considered as "averages" over the practical range of enclosure
ratics.

For the set of conditions where all (or nearly all)
of the escaping air is collected, the most important dimen-
sionless independent variables are clearly the Froude number
and the phase ratio. Symbolically, the collection efficiency
can be written as

I % £(F,R) (1)

where f is a function to be determined.
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Maximum engineering utility of the experimeﬁtal meas-
urements is provided by determining an approximate functicnal
form for the relationship described symbolically in equation 1.
Inasmuch as this eguation can be meaningful only when nearly
all of the gas‘is collected, this functional form needs to . be
determined from the results of the Preliminary data analysis
(appendix B} with the data for 15 SCFM and 20 SCFM excluded
because of significant escape of the air from below and be-

' side the collectors which occurred at these flow rates in
many instances. |

By examination of the data and by several numerical
tests, a suitable functional form for equation 1 was deter-

mined as

AXRxF c

P = {]_—exp (_W)] {(2)

where A, B and C are constants to be determined.

Evaluation of the constants A,B and C was accomplished
through use of the computer-based Statistical Analysis System
(ref. 1). The data used as input to the SAS system was that
given in appendix B with the exclusion of the nominal air flow
rates of 15 SCFM and 20 SCFM because Some gas escape outside some
of the collectors occurred with much of those data.

The values obtained for the constants are

A=77.0311, B=1.41879, C=0.42753 {3 a, b, ¢
The resulting estimates at the 62 cases in appendix B that

were used have a standard deviation in fraction collected of 0.087.



-20~

Equation 2 is intended as a smoothing and ‘interpolating
function. We have used it to generate smoothed curves of
fraction collected vs Froude number for various phase ratios.

These are shown in Figure 10.

Discussion of Results for Single Cone Open Bottom Collectors:
The most im?ortant aspecﬁsof the performance of single
cone open bottom collectors can‘be obtained from Fig. 10. 1In
particular, for any Froude number and phase ratio a reasonably
gogd estimate of the fraction collected (collection efficiency)
can be made. To know the Froude number and phase ratio for any
_particular set of circumstances so that Fig 10 can be used,
the total liguid collected flow rate must be estimated. Since
the'presence of the oil has only a minimal effect on the total
collected liquid flow rate, the determination of this flow rate
can be made with sufficient accuracy for water aloné. There
are two interrelated parts for this determination. For any
specific gas flow through a specific riser there is a unique
relationship between water flow rate and pressure drop. This
can be determihed by the methods of Brill and Beggs (ref. 2).
With the top of the riser at atmospheric pressure, this gives
a unique relationship between liquid flow rate and pressure at
the top of the collector (bottom of the riser) for any specific
collector geometry. The actual ligquid flow rate that occurs
is the one for which the pressure and flow condiﬁions for both

the riser and the collector are simultaneously satisfied.
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- Although the details of our measurements of collector
flow rates vs‘internal collector pressures are not given here,
an important generalization can be made. This is that for al-
most any anticipated éperating condition the variation between
the actual pressure at the entrance to the riser and the hydro-
static pressure at the same height is relatively small in com-
parison to the other pressures that determine riser operation.
In actuality, the pressure at the bottom of the riser is just
a bit higher than hydrostatic because of the "gas load" inside
the cdllector.. This actual driving pressure excess will be
able to be estiﬁated, in general, when we analyze and present
the results of our internal pressure measuréments.

Figure 10 canlbe viewed as an “avérage" over-all enclo -
Sure ratios for cases where nearly all of the gas was col-
lected. The influence of encldsure ratio on the performance

characterisitics as a function of Froude number and Phase

'Ratio has been "averaged out". We do know, however, that

collector size does have a small influence on performance.
Although we have not yet obtained sufficient aata for various
collector sizes to fully quantify this effect, the data we

do have indicates that the collector diameter for maximum cil
collection is approximately equal to the height, h, above the
wellhead at which the collector is operated. Since this height
must generally be rather small in order to achieve a high
cnough Froude number for efficiont ofl collection, a diameteoer

larger than this height might well be desirable to limit the
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gas escape that could add danger to surface operations.
However, an important result is that the optimum size for a
collector on the bottom of a riser is a great deal smaller

than was heretofore generally thought to be the case.

The Bottom Mounted Collector

Tests were carried out on a model of a bottom mounted
collector of the type sketched in Fig. 5. The tests were of
two types. First, for a variety of riser resistances, air flow
rates, and hole sizes; pressures were measured at three points
in the collector. There were eight holes in the sides of the

collector and tests were done with hole sizes of 1/8", 1/4"

~and 1/2". Second, for a few combinations of air flow rates,

riser resistances and hole sizes some 0il was released through
the nozzle (simulated well bore) and observations were made
as to whether or not any of the o0il came out through the holes
in the éide of the collector. These tests were done with clean
water in the tank so that good observations through the viewing
ports could be.made. |

The description of results for the bottom mdunted
collector must be prefaced with the important statement that
only one bottom mounted collector was tested. Therefore, we
have not learned how details of collector shape affect collec-
tion efficiency for such a device. Fof example, the conditions
to be described for which leakage might begin to occur with

this particular collector might not be the same conditions
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for which leakage would begin with a collector having_the same
diameter, but twice as tall. Fﬁrthermore, the effect of the
dimensionless quantity of hole diameter divided by collector
diameter cannot be evaldated because, as will subsequently be
described, a different dimensionless parameter involving hole
diameter was found to be very important and the results were
determined in terms of this bParameter instead. A variety of
different collector diameters would have to be tested in order
fo determine the effect of the dimensionless parameter given
by hole diameter divided by collector diameter. Nevertheless,
a great deal has been learned about the operation of a bottom
mounted collector by means of the few tests which we have been
able to carry out thus far.

Appendix C shows the results of measurement of the
pressure differences between the inside of the bottom mounted
collector and the outside at the three different locations shown
in'Fig. 5. Although a detailed analysis of the relationship
between flow through the holes and pressure differenee has not
yet been made, appendix C shows very clearly that the internal
pressures are almost always less than the external pressures;
this condition being indicated by a negative pressure differ-
ence. In fact, the only occurrences of positive pressure
differences (more pressure inside than outside) are for the
largest hole sizes and for the highest pressure measurement

points.
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The generaliy negative pressure differences mean that
in operation the hydrodynamic forces tend to press the collec-
tor onto the bottom, rather than drive it off the bottom. One

-of the reasons for considering the use of holes in the side of
a2 bottom mounted collector was to limit the maximum forces
tending to drive the coilector away from the bottom. It would
be difficult to construct bottom attachments in practice that
were strong enough to withstand significantly positive pressure
differences. On the other hand, with negative éressure differ-
ences there is no difficulty in hoiding the collector on the
bottom and it is quite straightforward to design and construct
a collector that is strong enough to itself withstand the now
generally expected negative pressure differences. What this
means is that it might well be feasible to operate a bottom
mounted collector without open holes through the sides of the
device. Since significantly positive pressure differences
could temporarily exist immediately after a blowocut, but before
the gas 1ift in the riser starts opérating with a substantial
amount of gas in the riser, a useful design would be one which
has a valve in the side of the collector between the inside
and the outside._ Normal petroleum Operations could take place
with the valve open. If a blowout occurred, the open valve
would limit the initially possible positive pressure differences.
After flow in the riser was established, the valve could be
closed leading to a major reductiongin collected water with

£ﬁe result that the oil-water separators could be much smaller
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than would be the case in the presence of-hdles.

The data shows that even small holes lead to substan-
tial water flow. For example, eight 172" diameter holes lead
to as much water collection as an opeﬁ bottom collector oper-
ating under the same conditions. Even when the 8 holes have
a diameter of only 1/8", the collected water flow rate is 60%
of the water flow rate for an open bottom collector operating
under the same conditions. Therefore, if a bottom mounted
collector without holes is used and if a small leak develops

between the sea bed and the collector, the velocity through

the leak will be quite high. This could well lead to scouring

of the bottom with the scoured sediment coming up the riser.

- To avoid this, an actual device should have the capability of

opening the valve from the inside to outside on‘the side of
the device to allow water to enter through the side and there-
by diminish the scouring action at the bottom. |

In the tests where a small almount of o0il was released
with the air and the presence or absence of oil leakage through
the holes was observed, we found that increasing the hole size
increased the oil leakage, and that the.oil leakage was dimin-
ished by increases in water flow rate or the phase ratio,
R (water flow rate/gas flow rate). To put this effect in
dimensionless terms, the important independent dimensionless
variables need to be determined. One is obviouély the phase

ratio. Another is Fy, the Froude number based on *+otal hole
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area. It is given by
QT

F = 5 ~I:25

n g {nA)

where thefe are ﬁ holes, each having area A.

In the tests we carried out with substantial‘amounts of oil,
the percentage of escaping oil that was collected was found t¢ be
independent of o0il flow rate; just as was the case with the open
bottom collectors. As a result, well head Reynolds and Weber num-
bers cannot have an important influence on performance. The ratios
of hole diameter to collector dimensions may or may not be important,
but this cannot be determined in the tests we have done using only a
single bottom-mounted collector. For this collector then, the
important independent dimensionless variables are the hole Froude
number and the phase ratio. Table 2 shows the results of the observed
leakage tests for different hole Froude numbers and phase ratios. If
each of these independent variables are large enough, no leakage will

occur through the holes in the sides of the collector,

Table 2
Hole Froude Phase
Number (Fhl Ratio (R) Remarks
1,14 0.137 No leakage
2.14 0.062 No leakage
2.51 0.038 No leakage
0.50 0.342 | No leakage
0.28 0.193 Small leakage
.0.50 0.102 Moderate leakage
0.36 0.058 ' Severe leakage

0.27 0.022 Severe leakage
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8. The Gas Separating Collector

The results of the tests of oil collection performance
for open bottom collectors shows that for a given Froude number,
performance is degraded as the phase ratio is decreased. The
reasons for this have been described previously. The separa-
ting colleétor, described here and shown in Fig. 6 was designed
to reduce these effects. Control of the separation is achieved
o)Y% meané of the valve on the gas riser. As this valve is closed
the interface between the bubble flow zone and the mist flow
zone in the inner cone is lowered. If this interface is suffi-
ciently low, essentially no liquid will travel through the gas
riser. Furthermore, as the interface is made lower and lower,
some of the gas tends to escape from inside the inner cone into
the outer cone. It is this escaping gas which provides the gas
1ift in the liguid riser and drives the liquid collecﬁion
process.

A limited number of experiments on this separating
collector were carried out. The same riser that was used for
the open bottom collector tests was used for the liquid riser.
Its valve was in the full open condition which was the condition
for the highest liquid collection rates in all of the. tests

with the open bottom collectors. A pipe with an inside diameter
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of 3/4" was used for £he gas riser and this pipe itself
extending through the height of the test tank provided enough
resistance to prevent liguid from flowing through the gas riser.
Nearly all of the gas came through the gas riser and a small
amount escaped into the outer cone.

The initial tests of the separating collector reported
here were done to determine its feasibility. We did not vary
the resistance in the gas riser to optimize conditions for each
gas flow rate. The test conditions and results are shown in
Table 3. Even though we took no special steps to optimize the
resistance in the gas riser, the total collected liguid flow
rate was greater for every test with the separating collector
than for any of the tests with a single cone collector. Al-
though the collected liquid flow rate diminished with increasing
gas flow raté, it always remained greater than for cases with a
single collector. The most important result is the fact that
the fraction of escaping oil that is collected does.not diminish
as the gas flow rate is increased. The detrimental effect of
decreasing phase ratio for the single cone collectors is elimin-
ated in the separating collector. All of the tests with the
separating collector had nearly the same Froude number. The
fraction of escaping oil collected is comparable to that for a
single cone collector operating at the same Froude number, but
with a favorable phase ratio. The separatiﬁg collector elimin-

ates the necessity of a favorable phase ratio.
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Concluding Discussion

Subsea collection of the o0il from the blowout of an
Offshoré well is feasible. Collecting a high pércentage of
the blown out o0il requires adeqguately large Froude numbers and
rhase ratiqs. The general relationship between the fraction of
the blowout oil collected and the Froude number and the phase
ratio are shown in Fig. 10.

Achieving a high Froude number reguires a high liquid
flow rate and a small distance between the weil head and the
bottom of the collector. To achieve a specific Froude number,
the closer the collector is to the well head, the smaller can
be the collected liquid flow.rate. Generally speaking, the
collection of large liquid flow rates requires a large diameter
riser with a relatively small total 1ift above the sea surface.
Inasmuch as the Froude number scaling involves the collected
liquid flow rate divided by the 5/2‘5 power of the collector
height, the required liquid flow rate for a specific Froude
number is very highly aependent on the height df the collector
and as a result the total system Size:and cost can be minimized
by minimization of thig height.

With_a single cone open bottom collector, when thé amount
of gas going through the system is large, the collected liguid
flow rate must generally be extremely large if a high collec-
tion efficiency is to be achieved. For typical blowout condi-

tions this would result in the need for an extremely large
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diameter riser or a group of smaller risers in paraliel.
However, this detrimental effect of hich gas flow rate can

be eliminated by the use of a separating collector of the type
described in this report for which most of the gas 1s separated
from the remainder of the flow in the collector and this gas
comes to the surface through a separate riser from the one which

carries liguid.
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, APPENDIX A _
Raw Data for 0il Collection by the Single Cone Open Bottom Collectors

Each row of data contains seven numbers which are:

Collector number

Height of collector above nozzle (model wellhead) in inches
Nozzle inside diameter in inches

Airflow rate in SCFM

Blowout o0il flow rate in GPM

Collected oil flow rate in GPM

Total collected ligquid (oil + water) flow rate in GPM
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APPENDIX B

Averaged Data for 0il Collection by Single Cone Open Bottom Collectors

Each row of data is generated by averaging the 3,4,5 or 6

rows of data in Appendix A where only the nominal oil flow
rate was varied. Since the oil flow affected nozzle resistance,
changing the o0il flow made small changes in the actual air
flow as shown in Appendix A. This small variation is accounted
for in the averaging process.

Each row of data contains eight numbers which are:

Collector number

Height of collector above nozzle (model wellhead) in inches
Nozzle inside diameter in inches

Airflow rate in SCFM

Averaged oil flow rate in GPM

Averaged collected oil flow rate in GPM

Averaged total liquid flow rate in GPM

Averaged fraction of blowout o0il that is collected.
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APPENDIX C
Pressure Measurement Data for the Bottom Mounted Collector

This appendix presents the data from the pressure measurement
tests with the bottom mounted collector. Pressure differences
between inside the collector and outside were were measured at
the three height locations shown in figure 5. The most important
feature of the results is that for all tested conditions the
average iﬁside pressure 1is less than the average outside pressure.
This condition of less pressure inside than outside is indicated
by negative pressure differences {(listed pressure difference =
inside pressure - outside pressure). Thus, in use the pressure
differences will drive the collector onto the sea bottom, rather
than blow it off,
| Each row of data represents one experimental condition. Each
row contains six numbers which are:

Diémeter of holes in collector sides (there were eight holes).
Airflow rate in standard cubic feet per second,

Collected water flow rate in cubic feet per second

Pressure difference at lowest measurement point.

Pressure difference at middle measurement point

Pressure difference at highest measurement point.

The units for the pressure differences between inside and
outside are head in feet of water.
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FIGURE 1.

The Subsurface Cone Collector, Riser and Supporﬁing
Truss Used at the IXTOC Blowout in Campeche Bay

The collector with its open gas escape valve can be
seen at the right. The risers with their individual
valves can be seen going up the center of the truss.
In use the end of the truss at the left of the
photograph was attached to a fixed platform. The

gas escape valve on the top of the collector was
closed after the collector was above the wellhead
and oil, gas and water travelled up the risers to

a processing system on the platform as well as on

a second platform connected to the first by a bridge.
This second platform and the bridge can be seen in
the backround of the photograph.






FIGURE 2. "he Model Collectors That
were Tested in the Experiments
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FIGURE 4. Concept for a Subsurface Collector Installed Before
Drilling Begins



¥

7 PRESSURE TAP

‘—).._
Ll
7
-
-,
'3,\" »
HOLE .
ROTTOM O D)
PLATE = | |

L

Y

L ,eu
l

FIGURE 5. Model of the Bottom Mounted Subsurface Collector
that was Tested



AQDJUSTABLE CHOKIW6-
VALVE TS ON THIS
RISER.

Innver Riser; %inv PVC
FOR GAS \

1A v PVC P:‘pej For Support

J//_Oufer.Ruer;!krNJNK

-

1% PVC

-

&«

' P Couphug

NOTE. The Quter CollecTor
is Coilector ®4. TheInwver
Collector is Collector ® 4

T

/-—— 21w 0D Fiexiglass Tube

Shaded Area i
PuTTy, Vsed to Seal
Twwver From Ovter
Collector

frs”

FIGURE 6. Gas Separating Collector.
By adjusting the choking valve on the inner riser, it is
possible to obtain only gas through the inner riser and
spill just enough gas from the inner collector into the
outer collector to obtain maximum p0551ble gas-1ift pumping
of liquid in the outer riser.
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FIGURE 8.

A Photograph of Collector Number One Operating in
the Laboratory Plume Tank.

The bottom of the collector is 7" above the nozzle

(model wellhead) which is delivering 7.1 SCFM of

air. The plume itself can be seen entering the collector
at the lower center. This plume is in a bubble flow zone.
A mist flow zone exists above the bubble flow zone. In
this zone the photograph shows the water droplets on the
interior sides of the collector. The purpose of the
varns on the collector is to show the flow direction.
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FIGURE 10.

FROUDE NUMBER

Curves of Fraction of Blowout 0il Collected vs Froude
Number Obtained from Equations {2) and (3).

These equations serve to interpolate and extrapolate
on the data. The number on each curve is the phase
ratio, R. :



Gas
Qutlet

Contrcl Valve

;L
ll ‘8 Ligquid Outlet
v {(with 1ifting gas)

FIGURE 1ll. Concept for Separating Collector with Concentric Risers.
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