USE OF FREE WATER KNOCKOUT IN PRODUCTION FACILITIES*

GEORGE W. STEWART
C-E Natco, Combustion Engineering, Inc.

ABSTRACT

The ever-increasing shortage and resulting higher prices of
natural gas and oil make it important to conserve fuel whenever
possible. One way is to remove all free water from the produced
oil stream before treating the emulsion. This paper discusses the
application, design, installation, operation, maintenance,
trouble shooting, and corrosion protection of free-water
knockouts used for this purpose.

USE OF FREE WATER KNOCKOUTS IN
PRODUCTION FACILITIES

For years free water knockouts (FWKO’s) were
the most neglected and unused piece of equipment
in the oilfield. With the coming of waterfloods, fuel
shortages, and increased corrosion, they suddenly
have become a vital part of many production
facilities.

FWKOQOs are of simple construction and
operation, yet many people have trouble with their
application and operation, and thus they fail to get
full benefit from their equipment dollar.

I. Purpose:
To remove all free (non-emulsified) water
that will settle out in a predetermined
amount of time. To remove all oil from free
water before it is dumped to the water
collection system.

It takes 350 BTUs to raise one barrel of
water 1°F. It takes 150 BTUs to raise one
barrel of oil 1°F (see Figure 1).

Heating unnecessary water is not only use-
less, but it takes more than twice as many
BTUs as oil.

*Portions of this paper are copyrighted by C-E Natco; they are reproduced here by
permission of the copyright owner.
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When calculating BTUs saved, you cannot
figure on a straight line basis due to different
heat transfer rates of different liquids, fire-
tube efficiency, scale buildup, and other
such factors, but you do know you save fuel
and lots of it by not heating water.

Heated water deposits scale or requires
expensive chemicals to prevent it. A one-
sixteenth inch buildup on firetubes can
cause as much as 11 to 13 percent fuel loss
(see Figure 2). In severe cases of scale
deposits you can pay outa FWKO onclean-
ing and maintenance costs alone.

11. Configuration:

A. Vertical: Easy to three phase

B. Horizontal

Large cross section at the interface
Less counter flow of liquids

Ease of installation and maintenance
Large gas area in some models
Wider selection of designs

gl adbeadl Al

I11. Designs:

A. Fluid packed (see Figure 3)
Oil and gas go to treater together. Vessel
is fluid packed except for gas area
caused by down pipe on outlet con-
nection. (see Figure 4) This design is best
to use when possible, as it does not add
back pressure on your flow line, has
fewer valves to maintain, and has lower
initial cost. It is recommended for flows
containing low quantities of solution
- gas.
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FIGURE 1

B.T.U. LOSS FROM SCALE
IS THE SAME AS FROM

INSULATION

LOSS FOR AVERAGE STATIONARY BOILER OPERATION

Scale Thickness % Loss of B.T.U.'s

/68" o 1.5 - 4.0%
1/32" e 6.0 - 8.5%
16" e 11.0 -13.5%
1/8 M 16.0 -20.0%

The above figures can only be approximate due to the many
factors and variables involved. These are presented, how-
ever, to provide an average and to compensate for the dif-
ferent types and thickness of scale and the locations in the
boilers. The important point is that any scale location on
any heating surface provides a direct drop in heat transfer
resulting in loss of fuel and efficiency.

FIGURE 2

B. Fluid packed with back-pressure valve
added to oil and gas outlet. This is used
when it is necessary to pressure the
water to some point of higher working
pressure than that of treater receiving
the oil and gas.
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STYLE "A" TWKO
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FIGURE 3

STYLE "A FAIKO ™7 TREATER
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FIGURE 4

C. Three-phased with oil controlled by
hydrostatic head valve such as C-E
NATCO Diatroller or Kimray Type
“W.” Be sure to mount valve as low to
ground as possible to use all hydrostatic
head available. Use when wanting to
remove gas, bypass treater direct to
“tank, etc. (see Figures 5 and 6).
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STYLE "B FNKO
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FIGURE 5

HOOK-UP STYLE 'C FWKO

FIGURE 6

STYLE "D FNKO.
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FIGURE 7

D. Three-phased with weir box. Oil is con-
trolled by float operated level control
with motor valve. Use as any three-
phase FWKO (see Figures 7 and 8).
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HOOK-UP STYLE ‘D" FINKO
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FIGURE 8

METERING STYLE "B’ FINKO

O

FIGURE 9

E. Three-phased with spillover weir and oil

compartment. Oil is controlled by level
control and motor valve. This makes an
excellent vessel for metering water and
oil (see Figure 9).

Same as three-phased with spillover
weir and oil compartment except mist
extractor has been added. Some people
add a dome with mist extractor, but the
internal type is able to handle larger

* volumes (see Figure 10).
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METERING STYLE ‘B FWKO W MIST EXT. the float. Wire that is cut the

correct length is best.

4. In setting the mechanical linkage
you should space the water dump
valve from the vessel so the turn-
buckle is fastened to the float
linkage no more than 4 inches
from the float nose. To make it
longer destroys the leverage and
efficiency of the float ball and
arm. The turnbuckle should hang
as perpendicular as possible and
the lower lever should be 8 to 10
inches from the valve lever collar.
If a safety relief valve is needed,
the standard 2 inch valve is for gas

FIGURE 10 only. If you need to relieve fluid
pressure, install a blow-down
type or a regular spring loaded
back pressure valve with cv large
enough to relieve the necessary
volume of fluid.

b

G. Water and interface controls
A. Pneumatic
. Snap-acting, wire weighted (see

Figure 11)
2. Throttling, sand weight (see IV. Sizing (see Figure 15)
Figure 12) This is for normal Texas, New Mexico, and
3. Electric, wire weighted (see Oklahoma type crude, 21° to 46° gravity,
Figure 13) normal salt water.
B. Mechanical Linkage (see Figure 14) The range of 21° to 28° would be the lower
I. Simple and trouble free. Both range, 28° to 35° middle range and 35° to

systems use a weighted float ball
that sinks in oil and floats in

water. The larger the ball can be, I Floper
ree . ’ i djustable
the better control you have, asitis Nawrle Vent
a matter of displacement as to T f ey
how much force you have to Aptemited o Supply
operate the pilot in pneumatic
systems and the valve in
mechanical linkage.
2. To weigh the float properly you Normally Closed
. . Qil or Woter
add sand inaround ball to a point Bischorge Valve
it almost sinks in fresh water. It 1. Moy be ved for il louel controller with synhane s ype displocers.
will sink in oil and emulsions and 2. Moy be used for oil/water interface controller with weighred floot ball.
float freely in salt water. Adicatment of Conmaliar
1 1 1 When fluid level reaches desired height turn adjustoble nozzle ,
3' lf the f:loat 1S horllontal, load lt r_nqveing m?lee closer ro_ the fla:pevr,gurgtzl the output pressure on the left hand gauge
with wire or some substance that Repper Wil increse e vt oot v e cenital sl o et o e
Wlll nOt Shlft. lf Sand 1S used lt can the fluid Iavel'dreps the cycle reverses and closes the valve.
shift and change the buoyancy of FIGURE 12
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MODEL CMAQ AND CMAF
FLOAT OPERATED LIQUID LEVEL CONTROL
SNAP ACTION — ADJUSTABLE

DESCRIPTION

The CMAQ and CMAF is a snap-action float aperated
level control, equipped with a patented 3-way Micro
Valve, actuated by two adjustabie yoke-type pusher arms.
Adjustable pusher arms permit the control range to be
adjusted easily and accurately to the range desired.

With the liquid !evet below the float the 3-way Micro
Valve will be in the low level position, and will remain
there until the float rises to the pre-set high level. The
Micro Valve then will reverse positions until the float

MODEL CMAQ drops to the pre-set low level position.
This controi has been thoroughly fieid proven by
many instailations throughout the country.
MODzL GAS INLET
CMAQ OR

CMAF
{ r~ VENT

¥ — (T

MICRO VALVE SPECIFICATIONS

o DUMP sca%gsssa ok Modet . ... ........... 316F1, 3way
=S __j REGISTER GAS OUTLET 4 POFES . o i e e ia e e 1/4” FPT
o AR Body . .......... Anodized Aluminum

pren Qrifice . . .. Standard /16" (100 PSI W.P.}
= - Optional 1/32 {250 PSI W.P.}

O SS—— . S,

DIAPHRAGM 5,
1} VALVE

——— . ¢
DIAPHRAGM VALVE ¥

AUTOMATIC DUMP CONTROL SUMP LEVEL CONTROL

LIST PRICES AND SPECIFICATIONS

. . Materials
Cotalog Nominal Connaction Stock it
Modei Number Max. WP P’Sl Body Float Number - Prics
810-CMAQ-403 . 4" Grooved, 300 Ouctiia ison | Maonel | 80C02101tt
810-CMAQ-601 6" Grooved, 125 Cast fron Monet | 800021027t
810-CMAF-401 4" 125 Ib. Flange, 175 Cast Iron Monet | 8000200ttt
810-CMAF-402-S | 4 150 Ib. Flange, 275 Cast Steel Monel | 800Q2002tT

ttNormatly avaiiable from stock.
NOTE: For Stainless Steei Gear and Guide Plug Assembiy, ADD $51.00 List.
TO ORDER SPECIFY: Stock Number ana Catalog Numbper. Float rod length if othrer tivan stan-
dard, see raverse side.
List Prices DO NOT include companion flanges or grooved couplings for vesset atrachment.

Use M.F.’s on page 1VC-800 to detarmine nat prices.

LEVEL CONTROL SECTION
FLOAT TYPE
Issue 4; March 1, 1978

FIGURE 11
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MODELS CMEAQX and CMEAFX
FLOAT QPERATED LIQUID LEVEL CONTROL

DESCRIPTION
The CMEAQX and CMEAFX float controls pro-

vide electrical contact switch closure for clarm or
control functions. An explosion-proof Micro Switch
is actuated by two adjusteble yoke type pusher
arms permitting the control range to be easily and
accurately adjusted.

'With the liquid level below the float the Micro
Switch will be in the low level position, and wili
" remain there until the float rises to the pre-set high
level. The Micro Switch then will reverse positions
until the float drops to the pre-set low level posi-
tion.

This control has been thoroughly fieid proven
by many installations.

MODEL CMEAFX-401

SWITCH SPECIFICATIONS

Contacts. . ... ... Standard = SPDT, 15 amps & 125,
250 or 480 V a-c

" amp @125 V d-c

', amp @ 250 V d-c

Optional — DPDT, 10 amps & 125

or 250 V ag-c

(Note: DPDT switches will provide single paint

control only)

Switch Housing.................. Explosion-proof
Approval. ... . ... L0 Lol UL end CSA

LIST PRICES AND SPECIFICATIONS

Catalog Nominal Connection Size, MATERIAL *Stock List
Model Number Type, Max-W.P. psi Body - ‘| Float Number Price
811-CMEAQX-401 4" Grooved, 125 i D.l. “Monel | 80002501ttt | S
811-CMEAQX-601 6" Grooved, 1256 = Cast fron | Monet | 80002504
811-CMEAFX-401 - 4’ 125 Ib. Flange, 175 Cast fron | Monel | 80002302t7t
811-CMEAF X-402-S 4" 150 |b. Flange, 275 Cast Steet | Monei | 8000230411

ttNormaily available from stock.
NOTE: For 316 S.5. Gear and Guide Ptug Assembly Add $51.00 List.

TO ORDER SPECIFY: Stock Number and Catalog Number. Float rod length if other than standard, see

reverse side.
List Prices DO NOT include companion flanges or grooved couplings for vessel arrachment.

*Stock numbars are for units with SPDT swirches.

Use M.F.’s on page I VC-800 to determine net prices. LEVEL CONTROL SECTION

FLOAT TYPE
tssue 4; August 1, 1978

FIGURE 13
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Controlled | \

tever Collor

Level

1.
2.

Size
0.D. x
Length

24"x7" -
30"x7'-
36"x7'-

36"x10'
4' x10°'
4' x15'
6' x15'
8' x20'
10'x15'
10'x30'
10'x40"
12'x40'

Mechanical Assembly Linkage to
Transform and Transmit Level Signal
to Rotary Acticn

Double Ported Positive
Seal Liquid Valve

May be used for oil level controller,

May be used for oil/water interface controller with weighted float ball.

Proper Hook-Up of Level Controller Linkage Assembly

Proper installation of lever collars; install collar on level controller with the flat side
of the shaft hole stoping down toward the treater, or to the left.

Adjustment
When fiuid level recches the desired height, close liquid valve by pulling
down on lever end farthest away from treater. With liquid valve held cllos?d
adjust turnbuckle so that Jower end is roughly 1" above the end of the liquid
valve lever. (See detoii) Tighten locknuts on turnbuckie and conrect
lower end of turnbuckle to lower end of valve lever. Controller is reody

to operate automatically. E

FIGURE 14

46° upper range. This sizing is based on 75
barrels per day water per square foot of
cross-sectional area at the interface.

Water capacity of a horizontal FWKO is
mainly a function of disengagement area or
cross-sectional area of the oil-water inter-
face. Residence time has an effect on the siz-

FREEWATER KNOCKOUTS APPROXIMATE CAPACITIES

Working Water, Bb1/Day Residence Time
Pressure ~ {Minutes)
psi. Low High Low High
ASME Code Rate  Rate Rate  Rate
6" 50 750 1,500 4 2
6" 50 940 1,880 5 25
6" 50 1,125 2,250 6 3
50 1,500 3,000 [3 3
50 2,000 4,000 8 4
50 3,000 6,000 8 4
50 4,500 9,000 12 6
40 8,000 16,000 18 9
40 7,500 15,000 20 10
40 15,000 30,000 20 10
40 20,000 40,000 20 10
40 24,000 48,000 24 12
FIGURE 15
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ing. This is because the main body of the
fluids is traveling in a horizontal direction
and the particles of water or oil to be
separated travel along and across rather
than counter-current to the main bodies of
fluid.

Things to consider in sizing FWKOs:

A. Densities of the two fluids. The closer
they are to each other, the larger the size
needed. (Watch out for fresh water)

B. Large instantaneous flow rates due to
pumps, long flow lines unloading, wells
heading, etc.

C. Reverse emulsion. This may take a
special application.

D. High gas-oil ratio.

E. Working pressure above 40 to 50
pounds.

F. Space for installation.
G. Transportation and installation.
H. Ambient temperatures.

If the FWKO causes trobule, you should
check the following:
Realize it removes only free water.

Be sure float is weighted correctly.
Capacity is large enough.
Headings or pump surges.

Proper linkage adjustment.

Proper valve sizes.

OmMmoOo® >

Most effective interface control for
conditions.

H. Check chemical.

1. If the trouble is a high emulsion cut,
adding your emulsion breaker at the
wellhead will give the chemical time
to mix and work before reaching the
FWKO, thus releasing more free
water. Sometimes a faster acting
chemical will help.

2. Iron sulfide buildup on interface.
This can be eliminated by adding a
: wetting agent.
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I. Introduction of fresh water to the
system.

V1. Coating:

188

Basically an empty vessel, the FWKO is easy
to protect from corrosion by coating with
your preferred internal coating. Remember
the coating is only as good as the application
(see inspection instructions below).

Installing one or more anodes in the water
section will protect for holidays in the coat-
ing. Galvalum type anodes last longer than
magnesium and are not as expensive to
install or maintain as graphite type with
induced current.

FIGURE 16

VII.

You can expect almost one year of pro-
tection from galvalum and you should clean
and inspect your vessel once each year
regardless. This makes it easy to replace the
anodes at the same time.

Flo-Splitter - FWKO (see Figure 16 and 17)
The Flo-Splitter performs the functions of a
standard three-phased FWKO. In addition,
you can split the oil and emulsions to as
many different treaters as needed. The flow
can be of different volumes to different

treaters.

The flow is controlled by weirs and is
dumped by standard float valve and linkage
as in a standard separator.

APPROXIMATE FLO-SPLITTER SEPARATOR CAPACITIES

Model Free Water 0i1(Bbl/Day) 0i1(8b1/Day) Gas Max. No.
Number (8b1/Day) F.S. & FWKO F.S. Only MMSCED Splits
F$-420-50 1,600 13,500 19,000 1.9 12
£$-615-50 3,000 20,000 27,000 1.5 8
FS-625-50 4,700 25,0N0 39,000 1.9 16
FS-820-40 7,000 37,000 61,000 3.5 12
F$S-835-40 12,000 54,000 71,000 5.0 22
FS-1020-40 11,000 63,000 90,000 6.7 12
FS-1640-40 21,000 20,000 135,000 9.0 28
Abeve is w splitter capteities only. If b

on Fre.

A SUGGESTED METHOD OF INSPECTING
MOST INTERNAL COATINGS

1. Laok for obviaus mistakes.
A. Bare Metal
B. Sand under coating
€. Nouzles not coated
D. Attached piping not coated

2. Proper trim out on nozzles

A. Grooved nozzies should be coated on
outside back past the groove.

B. Raised face flanges should be coated only
to the point of seal on the edge of the
flange. The coating should form a seal
under the edge of the gasket, but if the
entire face is covered, the gasket may
blow out under high pressure.

C. Flat-faced flanges should have the entire
face coated, as they are only used in low
pressure service,

D. Threaded couplings are almost impossible
to coat satisfactorily. The best method is
to sandblast, tape during coating, and
then coat after the pipe fitting has been
installed. Another way would be to install
a pipe fitting before blasting, then coat in
place. Another would be to blast and
coat, then install pipe fitting while coating
is still wet.

3. Check mil-thickness

A. Use a mil-thickness gauge. We prefer a
micro tester.

B. Use manufacturer’s recammended
thickness.

€. 1t is better to be cn the thin side as lon3
as metal is coveredl. rather than the thu
side, to avoid cracking

. Jeep test if required

A. A jeep tester is a battery operated drvice
that sends a signal when you have a
completed circuit. One wire is attached to
ground. One wire is altached to a sponge
holder. A wet sponge is attached and used
to contact the coating surface. When a
holiday Ibare metel) is touched the circuit
is completed back to ground and a signal
is received.

B. Check closely around corners, sharp
edges, under baffles, etc., as these are
likely places for holidays.

C. Check tester to ground often to be sure it
is working.

. Anode protection

A. Install anodes to protect any present of
future coating failures.

8. They should he placed in each seefion nt
vesse! that contains water Anodes will
not work in oil.

C. They may be operated at a loyv: current, as
all you are protecting are the b .udays.

D. For type and installation contact an
expert on anodes.
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FIGURE 7

“ailer Knockout capacities, use Figure 2




