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ABSTRACT

When drilling from a bowom supported structure. he best
procedure for handling a threaiened blowout from 2 shallow
gas formation is to diven the gas flow away from the siructure
and drilling personnci. Casc hisiorics were reviewed :n which
failurcs occurred during diverier opcrations duc o crosion
causcd by sand production. A model divenier sysicm was ¢on-
structed to cvaluate this problem and provide informaiion that
can bc used in the design of diverier sysiems. A number of
pipe fittings used at bends in diverier sysiems were experimen:
tally evaluated. The effect of flow velocity, liquid conient. and
sand concentration were included in the study.

It was [ound that very rapid wear can occur at wclocitics
ncar sonic velocity. Wear rates of 8—in./hr were measured for
short radius "Ells.” The ratc of crosion was found 1o be about
two orders of magnitude higher for gas/sand mixtures than for
liquid/sand mixwres. An equation was developed {or predict-
ing the wear ratc for various [licid conditions. Recommenda-
tions arc given for improving the erosion resistance of divener
systems.

INTRODUCTION

Blowouts are among thc most dangerous hazards of off-
shore oil and gas exploration. When a well threatens to
blowout, the quick use of properly designed blowout preven-
tion cquipment is necessary lo avoid harm to personnel and
loss of the drilling struaure. Well control is especially difficult
when a threatened blowout situation occurs at a shallow depth,
prior to setling surface casing in the well. Under these condi-
tions, closing the blowout preventers can lead to severc well
control complications. If the well is closed at the surface,
hydraulic fracturing is likely 10 occur in an exposed shallow
formation tduc 10 the build—up of pressurc in the well. If onc
or more fractures rcach the surface. the resulting flow can
destroy the foundations of a bottom-—supporicd siructyre
(Figure 1).

Tables and illustratons at end of paper.

Because of the difficultics in handling gas [lows while drill-
ing ai shallow depths, considerable auention shouid be given to
preventing such flows when planning the well and when drill-
ing the shallow portion of ihc well. Scismic 1echniques and
data from nearby wells can somctimes bc used to identify
potcntial shallow gas zones prior to drilling. These daia can
also he used to csumate formation pore pressures and required
mud weights. to safely contro! the well through these zones. If
lncalized gas concentrations arc detected by seismic analvsis,
hazards can sometimes be reduced when selecting the surface
well location.

Unfortunately, usc of cxisting technology does not always
prevent the occurrence of shallow gas flows. Historical drilling
records since 1965 for the Outer Continental Shelf of the Gulf
of Mexico indicate that shallow gas flows have been cncoun-
tered approximately on 1 weil out of cvery 900 drilied. Shal-
low gas blowouts have accounted for 25% of all blowouts ¢x-
perienced in this arca. Thus, contingency plans must be
developed 1o address this possibility. Since 1975, a divener
sysicrn has been required for rigs drilling on the Outer Con-
tinental Shelf of the Gulfl of Mexico. The function of the diver-
ter svsiem is to permit flow from the well o be directed over-
board, away from the drilling personnel and rig structure. The
esscntial elements of a diverier system includes:

(1) a vent line for conducting the flow away {rom the
structure that is large enough 10 prevent a pressure
build—up in the well to values above the fracture
pressure.

(2) a means for closing the well annulus above the vent
line during diverter operations, and

(3) a means for closing the vent linc during normal drilling
operations.

There has been considerable uncertainty as (o the best pro-
ccdure 1o follow when shallow gas flows are cxpericnced.
Somc opcrators use a contingency plan which calls for a
volume of weightcd mud to be maintained and a dynamic well
kill procedure to be attempicd as soon as the well is placed on
the diverier. However. a recent study [Koederitz et. al.. 1987)
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has shown that a dynamic kill is usually not feasible with avail-
sble rig pumps. Also, records available in the Evems File of
the Mincrals Manapement Scrvice indicate a diverter failure
raic of approximately $0% during shallow gas flows.

The three most common modes of divernier failure have
been:

(1) a [ailurc of the vent linc valve to open,
(2) formation fracture due to insufficient vent line size, and
{3) crosion.

The first modc of [ailure can be esseniially eliminated through
proper selection of diverter valves and valve operators followed
by periodic maintenance and testing. The second mode of
failure can be addressed through proper sizing of vent lines,
valves, and fittings, and by selection of an appropriate conduc-
lor casing depth {Beck et al, 1987]. The third mode of failure
is more difficult to address and is the topic of this paper.

This study was broken into three main parts. First, Avail-
able data from secveral case histories were obwained and
reviewed. In the second pant of the study, a model divener
sysicmn was construcied and cxperiments conducied to beter
define the variables affccting the rate of crosion. In the third
part of the study, methods for estimating the rate of crosion
under various field conditions were developed. Based on this
study, recommendations are given for improving the crosion
resistance of diverier sysiems.

REVIEW OF FIELD CASE HISTORIES

Information was collectied on 31 wells that encountcred
shallow gas. Typical locations of erosion type [lailures are
shown in Figure 2 for a simplificd diverer schematic.
Problems tend 1o occur:

(1) at bends in the diverier linc.

(2) at flexible hoses connecting thc diverter to the
wellhead.

{3) at valves or just downstream from valves.

(4) in the wellhead and divener spool.

The severity of the erosion problems cxperienced was greatly
affected by the quantity of sand produced by the well. When
considerable sand was produced, diverter component failures
staned in the bends and valves and progressed back to the
wellhcad. The cniire welthead and annular preverier was cut
from the well in an extreme case. For this well, sand piles of
ten fcet in height were reported on the rig floor after the well
bridged.

Because of the sensitive nature of the data, available infor-
mation on most of the field cascs identified and studied was
very limited. The time elapsed before the uncontrolled flow
stopped was not known for three of the cases. Of the remaining
28 cases, two were successfully killed using a dynamic kill
procedure shortly alter the [low began. In onc case, two relief
wells had to be drilied before the well could be brought under
control. In 25 cascs { 90% ). the well plugged due to horcholc
collapse- In 14 cascs ( 50% ), flow stopped within a one day
period. In 22 cases ( 79% ), {low stopped within a onc week
period.

REVIEW OF PREVIOUS EROSION STUDIES

Erosion can -he caused by cavitation, impingement of lig-
uids. or impingement of solid particies. Erosion by impinge-
ment of solid particles is the most rapid. and is of primary
concern for diverter operations.  Previous erosion studics using
flat plates, [Finnie, 1967}, [Goodwin, 1969}, [Ives and Ruff.
1978], have shown that thc total mass of material abraded
from a solid surface is dircctly proportional to the total mass of
abrasives striking the solid surface. Thus, the crosion resulting
from abrasive particle impact is ofien expressed in terms of a
specific erosion factor, Fe, which is defined as the mass of steel
removed per unit mass of abrasive.

Ives and Ruff [1978], working with 0.15 mm abrasives
{100 mesh) and flat steel plates, showed that erosion rate was
directly proportional to the velocity of the panticles striking the
plate, raised to a power. Mcasured velocity exponents ranged
from 2.5 10 1.8, and decreased with increasing steel tempera-
turc. It was found that the specific erosion factor varied with
the auack angle at which the abrasive stream approached the
stec! platc. The velocity exponent was observed to vary only
slightly with attack angle.

Goodwin et.al. [1969], studicd the effect of the size of the
abrasive parnticle on the specific erosion facior for particle sizes
up 10 0.2 mm (about 60 mesh). His data shows that erosion
rales incrcase with panticic size up to about 0.1 mm for
velocities in the range of 200-300 m/s. Erosion raie remained
essentially independent of particle size for diamecters beiween
0.1 and 0.2 mm. The critical particle size. above which ero-
sion rales becamec independent of particle size. tended 1o
decrease with decreasing velocity.

Tolle and Greenwood [1977], studied the flow of gas/sand
mixtures in tubulars for gas velocities of up to 30 m/s. Data
was collecied on the rale of weight loss of several types of
fiings used 1o accomplish a 90 degrec bend in a pipc. He
found that weaght loss wcnded to increase linearly with time.
Several materials were evaluated for erosion resistance, show-
ing only modest improvements could be achieved through
malcrial selection. The usc of a larger diameter velocity reduc-
tion chamber upstream of the turn was found 10 be cffective in
combination with a plugged Tecc.

EXPERIMENTAL STUDY

In the current study, two cxperimental set~ups were used
to measure the ratc of crosion in various fittings. The first set—
up (Figure 3a) was used for mud/sand slurries. Drilling mud
flowed from the right side of a partitioned tank to a centrifugal
pump, through 20 fect of 2—in. inside diameter pipe. through
the fitting being evaluated, and then back into the tank. Flow
raics were periodically checked by temporarily closing an
cqualizing line connecting the left and right sides of the tank.
Sand concentration in the mud was also periodically checked
by taking a sample from the tank.

The second set~up (Figure 3b) was used for gas/sand and
gas/water/sand mixtures. Compressor supplied air flowed [irst
through a flow control valve and 2-in. orificc meter. The
flow control valve maintained a constant flow rate by means of
a process control computer. Sand was added to the {low stream
from a 6000~Ib capacity sand blasting pressure pot through a
melering valve. The weight of the pressure pot was con-
tinuously monitored, and the sand flow ratc was deiermined
from the ratc of change of weight with time. Water or mud
could be introduced downstream of the sand injection point.
The mixture then flowed through 56 feet of 2-in. inside
diamcter line, through the fitting being evaluated. through a |
foot tail picce. and then exited 10 the atmosphere.
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“ The fitings cvaluated included sicel Els, plugged Tecs,
vortice Ells, and rubber hoses (Figure 3¢). \Weight loss and
wall thickness loss were periodically determined during the
ests.  Wall thickness measurements werc made using an
gltrasonic method. Thickness profiles were determined along
poth inside and outside radii of the bends. Data were collected
o permit evaluation of sand rate, fluid wvelocity, ,fluid
roperties, and fitting type. The sand used in the experimental

] tests was No. 2 blasting sand. Grain size distributions mecasured
“1 for several different batches arc shown in Figure 4.

Effect of Sand Rate on Eroéion Rate

The usc of the specific crosion factor, Fe, for characteriz-
ing the cffect of sand concentration on crosion in pipe bends
was evaluated using the data shown in Figure S. Note that the
wear rate was found to be dirccily proportional to the sand rate
for the range of conditions studied. Thesc sand rates were suf-
ficicnt to result in sand concentrations of up to 0.12%. At high
concentrations,  significant decreases in the specific erosion
factor would be expected due to interference between sand
grains. However, the use of a constant value for the specific
erosion factor appears acceptable for sand concentrations rep-
resentative of diverter operating conditions. :

Effect of Velocity on Erosion Rate

Experiments were conducted in the current study to deter-
mine the effect of velocity on the rate of crosion for velocities
of up to 220 m/s. The experimental results are shown in
Figure 6. The apparent slope of 2 includes the effect of in-
creasing steel iemperature with increasing flow velocity due to
the sand particles impacting the wall of the fitting. At very high
velocities, portions of the {itings were observed Lo smokc and
begin to turn red due o very high temperature increases.

Effect of Fluid Type on Erosion Rate

Comparison of Specific Erosion Factors, Fe, obtained in
similar fittings for mud carried abrasives and gas carricd
abrasives suggests that erosion rates are lower for mud by one
io two orders of magnitude ( Table 1). The addition of small
quantities of liquid 1o a gas/sand mixture was found (o increase
the specific erosion factor. The observed increase was more
than would be expected due 10 the increase in gas velocity
caused by the liquid hold-up. The presence of liquid in the
System appeared to increasc the cutting efficiency of the sand.
This was especially true in plugged Tees.

The higher erosion rates for gas is thought to occur because
the transfer of momentum from the solids 1o the fluid is much
less efficient. Thus, the solid particles strike the wall of a
bend at a much greater angle in gas than in liquid ( Figure 7 ).
For ductile materials such as steel, the maximum rate of ero-
sion occurs at an angle of impact with the eroding surface of
about 20 degrees. For brittle materials, the maximum rate of
grosiso]n occurs at an angle of 90 degrees [Ives and Ruff,

978].

The addition of liquids to the gas al volume {ractions above
5% has been shown (0 have a large effect on the maximum
(sonic) velocity of the mixture [Beck et al, 1987]. At at-
mospheric pressure, the maximum velocity is reduced {rom
about 300 m/s to about 30 m/s by increcasing the liquid frac-
tion to 10%. Since velocity is the most important parameier
affecting the erosion rate, the addition of liquids to the flow
sircam would be cxpccied to have a favorable effect under
some conditions.

Effect of Fitting Type on Erosion Rate

Long radius-Ells and ficxible hoses are currently the most
common fittings used to make a turn in a diverter sysiem. The
effect of radius of curvature, 1, on the specilic crosion factor,
Fe. is shown for liquid/sand mixtures in Table 1 and for
gas/sand mixtures in Figure 8. Note that the erosion factor
increases with increasing radius of curvature for liquid/sand
mixturcs, but decreases with increasing radius of curvature for
gas/sand mixtures. Since the expected flow velocity and rate of
erosion is much higher for gas flows, the effect shown in
Figure 8 is of greater importance in the design of diverter sys-
tems. For gas/sand mixtures, the specilic erosion factor
decreascs rapidly with increasing radius of curvature, up to an
r/d value of about 9. Above this value, the erosion factor
decreases much more slowly with increasing r/d values.

Rubber was found to be less erosion resistant than steel
when tested at a common r/d value. However, the expected
licld performance of flexible rubber hoses is about the same as
for stecl ells because of the inherently larger r/d values for
flexible hoses.

Specific erosion factors for plugged Tees are shown in
Table 1. A plugged Tec was found to be about two orders of
magnitude more crosion resistant than a long radius or shorn
radius Eli for dry gas/sand mixtures. When small quantities of
water is produced along with the gas, the observed improve-
ments obiained using a plugged Tec drops to about one order
of magnitude. When only liquid and sand are present. the
plugged Tee is less erosion resistant than the long radius or
short radius Ell.

Specific erosion factors [or Voruce Ells are also shown in
Table 1. The Vortice El fiting was found 1o be superior to all
other types for gasisand mixtures. The pipe just downstream of
the Vorice Ell was found o fail more quickly than the fiuing.
After replacing downstream sections of pipe several times
during an exiended test, no appreciable wear was noted in the
Vortice Ell.

The location of the areas of maximum wear rate for the
various fiings studied are shown in Figure 9. For gas/sand
mixtures in Ells and flexible hoses, failure occurred on the
outside wall of the bend, at a point approximately where the
centerline of the upstream pipe would intersect the wall of the
bend. For mud/sand mixtures, the point of failure remained
on the outside wall of the bend, but moved downsircam to a
point near the exit of the fiting.

For the plugged Tee and Vornice Ell fiuings, the most
scvere wear occurred near the exit for gasfsand mixtures.
However, wear was more uniform with some wear occurring
throughout the fitling. No metal targets were used in dead—end
portion of the plugged Tees. For runs madc with 0.4
bbl/mmscf liquid present in the gas, maximum wear was ob-
‘scrved in the dead—end portion of the plugged Tee. This sug-
%csxs that the use of metal targets can be benelicial. However,

icld problems have becn reported due to metal targets break-
ing loose and moving downstream. Thus, targets should be
designed as an integral part of the fitting.

EROSION RATE EQUATION

in this study,

xperimental work performed
Bascd on the experime pe e rate of

the following equation is proposcd for estimatin
crosion in divener systems:
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Gus Continuous Phase (Dry Gas or Mist Flow

dh P q, v 2
— = F LN [ e | (nH
dt A 100 f
s
Liquid Continzous Phase
dh P q v 2
— = F &£ 22— (2)
dt pA 100 1,

Recommended values for specific crosion factor. Fe. arc
given in Table 2.

The accuracy of the proposed calculation method was
verified using the experimenial data coliected in this study. A
comparison of the calculaied and observed crosion rates are
given in Table 3. The average error observed was 29%. This
was felt to be an acceptable level of accuracy for divener
design considerations. The lollowing example illusiraies the usc
of the crosion equations and the adopted system of units.

Example

Estimate the life of a diverier having an inside diomeler of
9.25=in. (0.235 m) and a wall thickness of 0.375—in.
{9.525 x 107" m) for a gas raie of 100 MMSCF!D (32.77
m 3lsj. The last bend in the system is a seamless steel Ell
having an r/d value of 1.5. The estimated pressure at this
Jitting, which is 150 ft { 45.7 m } from the exit. is 70 psia
( 483 kPo j and the design sand rate is 2.12 [ e .
(/.0 x 107 m?is). The temperaiure of the gas iz 150 F
(66 “Ci and the reference temperature is 60 F :i6 °Ci.
The specific gravity is 2.65 for sand and 7.85 for sieel.

Solution
The gas flow rate at the fitting is

3, 101 66+ 273
3277 Ml — ————
: 483 16 + 273 o

=8.04m s g 17

The gas fraction for no liquid (dry gas) and no slip is

— 804 = 4.9999
8.04 +0.00] + 0
The superficial gas velocity is
8.04m’is = 185 mis

500.235m?
4
The specific erosion factor from Table 2 is 0.89 glkg or
0.89 x IO.’ kgikg. The Erosion rate from Equation [ is

_dh 2.65s 0.00] 185 ]2

7.85 T(0.2357 100(0.9999)
4

= 0.00089

o

=237 x 10-5 mis

The estimated life of the Ell is

9.525 x 107 m
2.37 x 10" nus

= 402 s or 6.7 min

Equations | and 2 were used to estimate the erosion life of
various diverter componenls under a varidty of assumed field
conditions. Calculaled erosion rates for Ells having an r/d of
3.5 and-for a sand rate of 0.001 cubic melers per sccond arc
shown in Figure 10 as a function of diventer inside diameter
and superficial gas vclocity. Notc that crosion rates increase by
two orders of magnitude as velocity increases from 30 m/s o
thc maximum (sonic) vclocity of about 300 m/s. Note also,
that for a given sand production rate, the erosion rate decreases
with increasing diameter, when referenced at the same velocity.
However, the velocity at a bend depends on the pressure as
well as the flow rate. Thus, the cffect of divener size on ero-
sion rate at an upstream fitting is quite complex and depends
upon a number of factors.

The effect of fitting type on predicted erosion rates is shown
in Figure 11. Note that an order of magnitude decrease in
crosion rate is predicted for changing from an Ell to a plugged
Tee or Vortice El.

RECOMMENDATIONS

The data abtained in this study suggests that bends in diver-
ter systems should be avoided when possible. When a bend is
required, a plugged Tee or Vortice Ell should be used. A
diverter sysiem should be used during a shallow gas flow on a
battom supporned structure primarily 1o provide time {or an
orderly rig abandonment. When high flow rates are ex-

pericneed, the diventer system should not be depended upon -
for an aticmpt to regain control of the weli. The use of sand
probes at the diverter exit is recommended as a warning '

device.
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NOMENCLATURE

A Cross scctional arca, m '

f; Fractional volume of liquid. B
f Fractional Volume of gas.

F Specific Erosion Factor, kg/kg

h thickness, m

q, Flow rate of abrasives, m” /s

Veg Superficial gas velocity, m/s

Ve Superficial liquid velocity, m/s

A Density of abrasive, kg/m? |

£ Density of steel or wall matcrial. kg/m”

Time, s
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Specific trasian Faciars (g / kg }

Flnid Type Cast Steel KN | Cast Steel Bl | Cast Steet | Cast Steet
(rid =3 {rid = 3.25) Plugged Tee | Vertice Fit
Clay/\Water Muad
Mastic Viscosity = & ep 2 00014 9.007%¢ 8.0046 a.0028
Yield P'oint = 3 1b/100 It
.
Alr 1.6 1.84 0.015§ 0.0078
Alr with
0.1 BIVLIMMSCE Water - b B.0és —
Ar with
0.4 RRLSMMSCF Water - 1.66 8.057 -
Alr with ¥
0.1 BRIJMMSCF Mud -— -— 0.032 —
° Failore occurred in pipe wail just downsiream of fitting.
Table 1 - Effect of Fluid Type on Specific Erosion Factor For Cast Steel
{ ASTM A 216. Grade WBC )
Specific Frosian Iactors g/ &p ¢t

Fitting Type r/d . R :
{ Macerial Dey Gas Flaw | \liet Flow 1 Liquid Flaw
{ ' .
I . - A
[ A1 ¢ | Cset Sieet 2.2 2.8 i 0001
.8 PRl e !
{Soamicer Steet n.89 i
no | Qo | ne ST
K - B H
Seamiess Steet 0.7% 0.93 |
2.5 Cast Sieel 3 ! 0 i n.00}
vl Tesgg WD -7 - - t
- —
Seamless Steel 0.68 057
“ast Steel !
3.0 | S Suee L [ ias | ooew
Snc:nljnzr_ileel a6 | n.66
ss | Qe | oo MR 0.00%¢
Sn'm{g:r.flrel 0.52 a.£¢
so | Qnte | oy 1.0 o.01
Sﬂ’:a::sz'.:!cel Q.45 029
4.5 Gazs Sest a7 | a3 i em
Seamiers freet 0.40 0.1
& H
5.0 Cast Srect ns 0.58 i .01
4 ]
Sug-'l:':éleel 038 | 0.38 |
Floxible Hose | 6.0 Rubber 1.00 {122 i e.02
8.0 0.40 ! os !
10.0 a.37 Pon.39
12.0 a.33 0.38
15.0 a.29 0.31
20.0 a.28 0.28
t Steel
Mupged Tee — Cast Stecl 6.026 a.064 0.0046
Sug-_l:sg'sll«l q9.012 0.640 Q.03
Vartice Eil 3.0 Cast Steel 0.0078° 0.0028
Diate WG
T A Caders o Fire Wak Dremestresm of Seod

Table 2 - Recommended Values of Specilic Erosion Factor

t
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Fitting | r / d {Superticial Velocity| Sand | Specific)  FROSION RATE Location of
Tyvpe | Ratio - Rate | Erosion - Max Wear
Liquid Gas 3 Factor | Observed| Cale | Frror| (sece Fig 9)
m/s m/s ur'/s| kg/kg : deg
Seamless 1.8 o] 32 1.73e-05] g.8%e-04 3.74e-07 |2.59e-07 -31 a8
£il L5 c 37 2.55e-05| g.87e-04 3.32e-07 |8.29¢-07 150 s
=5 o 72 4.46¢-05! g.87¢-04 1.650-06 |3.44e-04 108 8
1.5 [ o3 3.93e-05] 3.87e-03 3.70e-06 |6.26e-0% 69 48
1.5 c ag 3.52e-05{ e.67¢-04 4.23e-06 {6.36e-00 s0 pr
1.5 0 ag $5.26e-05] g _B7e-0D3 4.93e-06 |7.54e¢-0% 53 48
1.5 0 103 5.32e-05! g .87e-04 5.29e-06 {8.30e-05 57 48
1.5 o] 12 6.01e-05] g.87¢-04 3.4)e-0S5 {1.3)e-05 -61 40
1.5 o 167 7.72¢-05%] g.57e-04 3.73e-05 |3.20e-05 -14 48
1.5 ¢ 169 ©.43e-05 p.g7e-04 4.77¢-05 |3.99¢-05 -16 s
1.8 [ 177 1.32e-04| g5.87%7e-04 8.33e-05 |6.08e-05 -27 48
1.5 o] 172 1.10e-03] 2.87e-04 7.38e-05 |5.12e-05 -3 <8
1.5 o] 178 1.09e¢-0%} 2.57e-04 6.52e-05 {5.1le-05 -22 48
1.5 [} 233 1.12e-0%{ g.5%7e-04 7.762-05 |6.82e-05 =12 38
i 1.8 0 20% 1.4%e-03] §.57¢-04 7.96e-05 |8.98e-05 ! 13 48
- :.S o) P 1.13e~0% B.87e-Q4 7.0e-05 {8.30e-05 | 18 pre
i B :.5 0 108 1.89e-05( g.87e-04 3.56e-06 |3.25e-06 -9 8
: x5 0 109 1.49e-05| g.E7e-04 5.642-06 |6.14e-06 9 48
P [} 108 3.63e-05] g.5Te-04 $.29e¢-06 |6.22e-08 17 48
N 1.5 [} 104 5.78e-051 3.37%7e-04 ©.88e~06 |2.1%e-Cé -7 o8
1.5 ) 108 5.46e-05| g.37e-04 1.38e-05 {1.11e-05 ; =20 58
. 1.5 2 108 7.84e-05{ 2.37e-04 3.37e-05 |:.35e-05 ! -1 a8
L5 o 107 1.12e-03] 5.27e-0% 1.43e-05 |1.8%-0% | 32 28
: t.5 0 it 1.35e-03%f 3.87e-0% 2.23e-05 12.52e-05 | 18 8
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: 3 12.%%9 K 35..2¢-C3| :,2T¢-06 2.822-05 (2.85e-08 1 sz
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: 2.525 0,53 e2 L.34¢-0%] :.CCe-33 4.61e-05 (%.13e-85 1 <31 :
: 2.825 [ as i.38e-04] 2.00e-03 $.23e-05 }3.93e-05 | -7 25
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t t
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Plugaed 0 141 2.27¢-05] 2.60e-05 3.8)e-07 1.95¢-07 -49 £XITEPLUC
Tee © 141 1.566-04] 2.60e~05 | 4.73e-07 |1.25e-0% 165 UNIFORM
Cast 0.53 70 6.06e-051 5. 30e-05 3.25e-07 [3.23e-07 -1 EXITEPLUC
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Table 3 — Comparison of Calculated and Observed Erosion Rates

.




Valve Exkt

Annular
Preventer

Flexidle Hose /

Diserter
Spool

Feagizre
, Gan Pae Mty

"""

Gas Sand

Fieure 2 ~ Typicat Locations of Erosive \\ear on Diverter Sastem For Bottom

Fieure 1| - Example diowoat iflusirating 1he need lor 3 diverter system.
Supporied Rig

Pguatinng Vatee l

|
i
LED (T L.S. Sieve Mesh Number

4T

Cenr=tizqal Pump Vpive

£=in, 1]
Right s:ec‘ 0 16 30 40 20 3N 100
v Temncralure J ! 1
and 100 : : T T
Nifferential ' N l t l
: 3~in. Dherter ’;:,N" . s B H H
ot 'y
"L-r L4 (36 Feut! ~3 Fitting : i Initiat
1= Reing [ i Semmin 1 &2
Fralusted s0 - .
(3) Experimental Sei-up for Now of Gas/Aud Mixtures ' i ! H
[ i
70 T q
i
J0-1en i i X 1
Merer Run -
Air Cemarener = Fiam Sane flopper 0 7 : T
i / Comeer o Cumulative H i
ting ..
feing Weight S0 i
| s.000m Fastuated Percent o / 1
pEWIt hyflecenual | 40 T 9
Lol Dressure : N | Afver 98 Jown |
Scnsor -9 Il H i 2“'"'.‘:';‘1‘“,.
Triptex Pump - o T - ald 8304
2-in, Diverter !. y. f 4
156 Feecs [t Twened
hd 20 Tee
N
10
(b} Experimental Sel-up Tor Flow of Gas/Sand and Gas/Liquid/Sand Mixtures ra<o3.3
[ ]
10 s 2 1 0.5 02 01
Sieve Opening Size, mm
Flexivie
15ose
L {c} Types of Fittings Tested
t N
o

Figure 4 ~ Grain Sire Distribution of Saad Used

Figure ) ~ Schemalic of Mode Divericr Systems
Number 2 filasting Sand}

318




-«

20 40 60 10 100 i/min

50 A et '

teia= 3.0

i Steel Elis
1

AT N e

i Givada Witn P - F
40 T \me Ve o 31008 put in/hr
Lios Velactty « 190 mis
F &

M
/ s F 4
\Wear Rate.
um/s /
]

o !
30010

w
Jonga L0040

o 10010 100x10

Sand Rate. m'ls

Fienre & = Effect of Sand Concentratinn on Rate of Frasion at Las Velocily of 100 mis for
ASTAL A=23d, Geade WPH ENs with rfef = 1.8

1Numbier 2 Blasting Sanats

Path of
: Fasiest Particle
' Il § for no
. momenium
!’ —_— — e —— — — 7/ - transfer
! / [ _Maximum
j /
i Path of s . N\
; Fute:x":aruc!e e dn
; momentum
; 1ransier 8
! .
: r
i
: Cos & =
H e
:
i L :
' (R ]
H 3 3 Maximum Vefocity i
' 28 N y :
] 30 at Centerline :
s 239 i
! 4.0 37 i
! S0 3 ot i
0 13 ¢ !
20 1) . ;
i

Figore 7 - Typical Wear Patiern for Cas/Sand Mivtures

215

190 00 500 1000 [t/s
Steel Elis
[LEE RN 1)
"J' ASTM A D¢ H i
! Crase WPR 1000 i
Mo Vieid = 35.008 pot
10. 10.0
A 19
4
Specific Ty
Erosion 1.0 1.0
Factor ’ '
e/ kg

0_'0 e et ety o.lo
yA
Z
7
.01
10 100 1000
Superficial Gas Velocitx. m /s
Fizure 6 - Elffect of Gas Vetocity on Rate of Erosion for ASTAI 234,
Grade WPH Ells with ¢/d = 1.&
Number 2 Blasting Sand;
3 - - :
. £lls & Flexidle Hoses |
i H LN Velnc:iy v 100 mos |
o —— ib
Cast 11§
ASIN A 236 lj 1000 1b
e WIC !
. ! H
P Frevivte ttase
. Natzrsi & SR
Specific t Bizcik Rutker
. e
Erosion
Factor,
v/ ke
1 - '
? ;
| i
)
Sesmbess £t \..
ASTM A 224 =
Grace WPD
1] [}
[ 3 é 9 12 s 18 n

Radius of Curvature

r
Pipe Diameter -d_

Figure § — Effect of Radius of Curvature on Specilic Erosion Factor
at Gas Velocity of 100 l_nl: (Number 2 Blasting Sand}



Erosion
Rate
gmis

Wear, Patiern
, for
GavLiquid/Sand
Minwures
!

/

El Wear Pagern
for
GavSand
Mintures

Wear Panera

Fleaible
Rubber
Hose

or
Gavlquid/Sand
Wear Patern Mivtures
for
GavSand
Mixturex

{or
AMud/Sand
Mixtures
L
Wear Pazern Plueged Tee
for

GavSaad
AMissores

Wenr Pancrn

Wear Pagern

Vortice 1
e

i

Figure 9 ~ Location of Paints of Navimum Rate of Frosion

100 200 £00 1000 fUs
100 Yot B N X K - e infhe
[JSeamless Steel Ells 1 T e
: rrge IS i
:] Raird Rate » 0,000 m¥/s
| ! ¢ 358 tesmein 3
B 1
BREE e o v
P i1 LHEThE
1 ifecese wil] [/ vernm
Pl cem. 2.
10 ’ S A !
C— " 2 A & 0.1
WAV -
L1 L
. 1 It Jj r
t ¢ yAViYN 1
- 7 : 0.0¢
JATA'S NS
- iy onic 7
' / / / ]\elocuy o
[ / -
ALY
N - | /44
e 100 1000

Superficial Gas Velocity,

m/s

Figure 10 ~ Effect of Diverter Size on Predicted Erosion Rate

1311

on 100 200 500 1000 fus L
[Z Diameter = 0.254 m.
- (10 =in.+ t
[T Sont Rate s 0.8y - > 3
M In e ¢
T/
0 P, d H
10 I = e
S A o
Erosion i P .7.]7]]7 7
] T 7 T
= T 5
i LA
4
. ! d .
" :/{ 1171 - Plugeed Teo Lo.o1
AW A s/ s .
VAL "7 ] Vensws i I
VAV YA AV B X1
AR /i/ [isonic |l
% l T // Velocity|T
0.1 A Pl ‘ T
10 100 1000
Superficial Gas Velocity, m /s

Figure 11 - Effect of Fitting Type on Predicted Erosion Rate



	Experimental study of erosion in diverter systems due to sand production



