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SPECIAL NOTICE TO USERS

PLEASE READ CAREFULLY BEFORE INSTALLING EQUIPMENT

This additive injector system is
designed to give consistent, dependable
performance when operated and maintained
according to manufacturer’s recommendations.
However, being a mechanical device, it is
subject to failure from wear, human error and
operating environments beyond the control of
the system. Because of this fact, it 1s the
responsibility of the operator to make certain
that:

A. The system is installed properly.

B. The system is being operated
properly.

C. The system is actually running
during product transfer.

D. The system is checked after the
transfer operation to make certain the proper

amount of additive was injected during the
operation.

The performing of these checks by the
operator eliminates the possibility of product
not having the proper additive ratio as required.
Therefore, since the manufacturer cannot be
present during each transfer operation, the
responsibility for checking the performance of
the system is that of the operator. Should there
be any questions whatsoever, the operator
should consult the factory authorized
distributor, or the factory directly.

DO NOT TAKE CHANCES

DO NOT GUESS

Be absolutely certain that the system is
operating as it should. The user/operator
carries the final responsibility to make
certain the system is operating properly.

INSTALLATION AND PREPARATION FOR STARTUP

In most cases, the Hammonds fluid
powered injector is shipped complete and ready
to operate. The system should include
appropriate fittings to suit your specific
application.  Flow direction is marked on
additive pumps and check valves. Any and all
flow restricting devices such as ON/OFF ball
valves, remote panels, sight flow indicators,
suction = strainers or electrically controlled
solenoid valves must be installed on the suction
side of additive pumps.

CAUTION: Do Not Attempt To Use This
Device Without Understanding And Following

Proper Safety Precautions Regarding System
Grounding, Fire Safety, And Special Handling
For Potentially Dangerous Additives.

Consult your Engineering Department
for their specific instructions. Make certain all
personnel involved with this system are
thoroughly familiar with safe operating
practices.

If your system has been purchased
“bare,” consult your equipment distributor for
help 1n selecting hoses, fittings and other related
accessories. Selection of  materials
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compatibility, location of wunit within the
system, effect of the unit on the system and
injection point of the additive are also factors
that should be discussed by factory authorized
personnel. If a factory-authorized distributor is
unavailable, consult the factory directly for
assistance.

HAMMONDS TECHNICAL SERVICES,
INC.
910 Rankin Rd.
Houston TX 77073
Phone: (281) 999-2900
Fax: (281) 847-1857

INSTALLATION CONSIDERATIONS OF BARE UNITS

Hammonds injection systems may be
installed in a wide variety of applications,
systems and operating conditions. This manual
makes the assumption that the purchaser has
consulted with the factory and has approval for
the application and installation. If this is not the
case, listed below are a few considerations that
shouid be reviewed before installing a unit in an
existing system. Hammonds offers a wide range
of performance capabilities with the same unit
by matching special turbine configurations and
flow conditions. Make certain the manual and
the unit are specifically for your application.

FLOW CONSIDERATIONS

The 4T high capacity units normally see
flow rates of up to 700 GPM. In these
installations, flow may, depending on maximum
GPM, be reduced slightly. As an example, a
system performing at 600 GPM prior to
installation may be reduced by as much as 30
GPM, reducing the overall system performance
to 570 GPM. Obviously, this minor reduction is
negligible, and, in many cases, the system
pressure can be adjusted to compensate for this.
In no way, will the installation of a Hammonds
injector overload a product pump since any
minor reduction in flow results in less
horsepower demand on the system.

A reduction of 30 GPM on a 600 GPM
system loading a 1000 gallon tank compartment

results in an additional 5 seconds to the time
required to load the compartment.

As you can see, flow rate reduction is
not a concern providing the system has been
properly matched to the application. If there
is any doubt, consult the factory, as a
standard unit not designed for the higher
flows will reduce system flow considerably.

POINT OF INJECTION OF THE
ADDITIVE

Some additives may adversely affect
other components in the fuel system. Seals
in meters and valves, filter elements and
aluminum to name a few. Unlike
competitive systems that slug the additive
into the product at measured intervals as high
as 60 gallons, the Hammonds injector does
an excellent job of mixing the additive in the
product as it is being injected ahead of the
turbine blades. In addition, a typical unit will
inject the precise amount of additive required
for every one- (1) gallon of product that
flows through the system. In operation, that
1s a continuous flow of additive that is being
mixed without gaps. This even, continuous
mixing eliminates slugs of concentrated
additive being dumped into the system.
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INSTALLATION RELATIVE TO METERS:

Hammonds injectors can be installed at
any point in the system. In most terminal
operations, it is desirable to meter the additive.
Meters, valves or strainers do not affect the
system, so it can be placed wherever there is
room. In aviation truck applications, it is placed
up-stream of the meters, (some have two), it will
precisely inject additive to the system, whether a
single hose or dual hose fueling is used.

SPACE REQUIREMENTS: The system
is designed with easy services in mind. The
entire turbine and pump assembly can be
removed from the housing without disturbing the
system piping. Ample room should be reserved
in the installation for this removal, if possible.
Also, the operator needs to have visual access tc
the controls on the pump for calibration.

ON/OFF OPERATION: There are two
methods for providing ON/OFF operation to the
system. One is by using a remote panel that
includes a special rotary valve connecting the
additive tank and the injector appropriately, and
the other (FOR DIAPHRAGM PUMPS ONLY)
is a simple, 2-position ball valve installed in the
additive supply line that connects the additive
storage tank and the injector. Preferably, the
valve should be located as close to the injector as

possible. Turning this valve off for a short
duration does not harm the unit in any way,
nor does it cause the unit to lose the prime of
additive. As soon as the valve is opened, the
pump immediately begins injection without
any loss of ratio whatsoever.

Caution: Do not install this On/Off valve
between the injector and that point where
the additive enters the fuel. Doing so will
cause the unit to fail. Remember that the
discharge of the injector must never be
blocked.

PLACEMENT OF THE ELECTRIC
ON/OFF SOLENOID: Some systems
use an electric powered on/off solenoid for
remote operation of the system. When used,
the ideal location for this valve is between
the injector and the Sight Flow Indicator.
The valve should be placed as close to the
injector as possible. In terminal installation,
it is not recommended that the valve be
placed back at the tank, which is usually a
considerable distance from the injector. As
with the manual on/off valve, the solenoid
valve must NEVER be placed between the
injector and the point of injection.
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LOCATING THE SYSTEM

In rack ioading installations, there are usually two primary locatior: choices for installing the
system.

The first choice would be remote from the island at some point in the main product line
between the product pump and where the pipe goes underground or overhead, leading to the island
itself. This type installation is usually used in cases where the entire product handled by the island
will be treated. Although the additive can be turned off, if two loading arms on the island are being
used simultaneously, it is not possible to isolate one and not the other for injection.

T

INJECTOR LOCATION FOR OFF-I1SLAND INSTALLATION

U

PRODLUCT

"T™ UNIT FOR
STRAIGHT LINE
FPIFING

"L™ UNIT FOR
80 DEB. TURNS

18LAND

The injector should not be located between the product pump and the product storage tank.
Remote Island installations such as illustrated above, 4T can be used in either horizontal or
vertical straight runs of pipe.

The other option for basic location is on the island itself. In this installation, a unit is usually
placed on each of the loading arms, providing for the selective injection of any combination. The
unit may be installed at any point from where the pipe exits the ground to where the swivel arm
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begins for the hose drop. This location offers versatility in that a single injector can be shared by up
to four (4) separate users, injecting different additives on demand. There is almost always a
convenient “spot” to install the system, either in a 90’ elbow or in a short run of straight-line pipe.

INJECTOR LOCATION FOR ON-[SLAND INSTALLATION

ADD TIVE

SUPPLY LINE
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TANK ADDITIVE
TANK
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PUWP !
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aROUND -~
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TL" UNIT ALTERNATIVE
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- e "T" UNIT ALTERNATIVE
LOCAT | ONB

Location of the injector at the island is usually handy to existing wiring conduits for card
controls, allowing for easy installation of the on/off solenoid. Units can be configured for horizontal
or vertical installation.

CHOOSING THE SPOT FOR INSTALLATION OF THE UNIT ON THE ISLAND

Most island loading arms will present at least two and sometimes three mounting options.
Consideration should be given to serviceability and traffic of personnel and equipment such as
swinging hoses.
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ADDITIVE SUPPLY SYSTEM

The illustration below identifies the basic components necessary for a complete additive

supply system. Study the information provided for each component, as each part plays a vital role in
the overall performance of the system.

A. ADDITIVE TANK ,
{. S1GHT FLOW INDICATDR
B. TANK SBUCTION POINT WITH STRAINER

D. BUCTION

Y SBTRAINER '®)
F. BERYICING
OUTLET INJECTOR

’ \\L_ J. GOLENDID
VALVE
H. VALVE

||
I
\—. AUPFLY

LINE
E. LINE CHECK VALVE

C. FILTER ON/OFF VALYE

A. THE ADDITIVE TANK:  Additive prevent sandblast sand from entering the tank
tanks should be constructed of materials during the manufacturing process. If water is
compatible with the additive. Tanks should be used for testing, the tank should be dried
new and free from scale, rust and corrosion. internally to prevent the formation of rust.

Any loose surface material inside the tank will

fall into suspension and contaminate the B. TANK SUCTION POINT: Suction

additive after startup. Care should be taken to should never be taken from the very bottom of
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the tank. Should foreign materiai of any kind
be present, the line will become plugged,
causing either failure or erratic performance of
the system. Remember, there are components
in every additive system that are sensitive to
contamination. Suction should be taken at
least 17 off the bottom of the tank to prevent
the introduction of foreign sediments off the
bottom.

C. FILTER ON/OFF VALVE: A  full
opening ball valve of at least the diameter of
the additive supply line should be placed on
either side of the suction Y strainer. Two
valves are necessary in order to clean the
strainer without losing the entire line full of
additive. This will prevent having to re-prime
the system each time the strainer is cleaned.

D. SUCTION Y STRAINER: A large
Y type strainer with a screen opening of not
more than 50 is ideal for taking most harmful
particles from the additive supply. Any
smaller mesh will cause excessive friction
loss. If the openings are too large, the strainer
will do little to protect the system.

E. SUCTION LINE CHECK VALVE:

This suction line check valve is used to
provide additionial insurance that the primed
line will not drain back between uses. If the
additive supply line is properly installed
without leaks, it will remain full even when
not in use. This line check valve is suggested
as an extra precaution to prevent loss of
system prime. The valve should be made of a
material compatible with the additive, and
have a “feather light” opening pressure. The
valve should be a ball type with a synthetic
material that is very light, preferably with no
spring. The gravity of the material will seat
the ball. Consult the factory if there is any
question regarding the proper valve for this
application.

F. SERVICING OUTLET: The

service outlet provides a means for operating a
manual pump in the additive supply line. The
pump can be connected and used for purging
air from the line while priming. Although this
is an option, the factory strongly recommends
the accessory for easy startup and service. A
simple tee and on/off valve is used for this

purpose.

G. ADDITIVE SUPPLY LINE: The size
of the delivery line to the injector 1s important
when long distances are involved. Use the
following chart for determining line size.

0-500 PPM up to 25’ 1/2”
25 to 50° 3/14”
50 to 100° 1”
Over 1000 PPM up to 25  3/4”
25 to 50° 1”
50 to 100° 1 1/4”

The above lines will supply up to four
(4) injectors simultaneously at the rates given.
Consult the factory for greater requirements.

H. SIGHT FLOW/STRAINER VALVE:

This valve is also a full opening ball
valve that is used to isolate the additive line
when cleaning the strainer in the Sight Flow
Indicator.

L SIGHT FLOW  INDICATOR/
SUCTION STRAINER: This strainer is used
to provide indication of the system’s
operation, as well as add extra protection for
the solenoid wvalve from trash and
contamination. When properly installed, this
indicator will give the operator proof that the
system is operating properly.

J. SOLENOID VALVE: This valve is
provided for the remote operation of the
system. It is important that the valve is a
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direct acting type that requires no pressure materials are compatible. Also, make certain
from the line in which 1t controls. The that the orifice in the valve is at least 7/16”,
materials of the valve body and the elastomers with 5/8” being ideal. Any restriction in this
are extremely important as any reaction with orifice will cause the system to work harder to
the additive can cause failures. Consult the perform the given ratio of injection.

factory to make certain that the valve and trim

ADDITIVE TANK INSTALLATION

Placement of the additive tank and related supply lines relative to the injector is critical to
performance of any additive system. The following illustrations will provide information regarding
the various types of tank installations and their connection to the additive injectors. Hammonds
injectors offer the greatest flexibility in tank and supply line installation of any additive injection
system on the market. Since no pumps or feed mechanisms are necessary, installation goes faster and
at less cost. The choice of appropriate components and pipe sizes, along with leak-free installation,
will determine if the system works properly and consistently.

OPTION 1 - ABOVE GROUND TANK, ABOVE GROUND DELIVERY LINES

This installation calls for both the tank and the supply lines to be above ground. The bottom
of the tank is very close to the ground, and the injector is approximately 3” above ground. Using a 4’
diameter tank, this would provide a variable net suction head to the injector of +1° when the tank is
full to a worst condition of a -3” when the tank is almost empty. A Y type strainer should be located
at the tank. A full opening ball valve located on each side of the strainer, with a light action (less
than 1/2 PSI) check valve installed to assist in holding the prime. Install a ball valve just upstream of
the Sight Flow Indicator, and if one is to be used, install the solenoid-operated valve between the
Sight Flow Indicator and the injector. Use the table listed in the previous section for selection of pipe
diameter.

10
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OPTION 2 - ABOVE GROUND TANK, BELOW GROUND DELIVERY LINES

This option is basically the same as that in Option 1. The effect of burying lines below the
ground level does not affect final suction conditions since the head gained in going below ground
level offsets the additional lift at the injector end. It is necessary to make certain on initial startup and
priming of the system that all air is removed from the supply lines and the various components.

18" 1ar

i

H@ 1 % | |

OPTION 3 - ABOVE GROUND TANK WITH HIGH CLEARANCE OBSTACLE

This application for a non-pressurized additive system is difficult to achieve in the real world
because fittings and check valves notoriously leak. . This is not recommended. If equipment is
installed in this manner it will void the factory warranty.

11
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OPTION 4 - BELOW GROUND TANK, BELOW GROUND LINES
This is the most difficult application for a non-pressurized additive supply. In this case, the
pump must overcome a negative lift equal to the total distance between the bottom of the tank and the

injector above ground.

This is not recommended because fittings and check valves leak. If equipment is installed in this

manner it will void the factory warranty.

PREPARATION FOR CALIBRATION AND STARTUP

Before attempting to start the system or

make calibration, please read the following
information carefully.

During startup and calibration, you will
be bleeding the system of air, collecting
samples of additive during calibration, and
checking for possible leaks throughout the
system. Provisions should be made for cleanup
of spilled fluid. You will have some losses
during these procedures. If the additive being
handled is flammable, fire safety precautions
should be taken. Since the installation may
also be tested at this time, extreme caution
should be used in checking for leaks of the
mainline. If you wish to set the system up for
leak-free testing and calibration with zero
spillage, please consult the factory for help in
doing so. We will be glad to suggest necessary
parts and procedures.

12

A WORD ABOUT ADDITIVES

Most additives being used in fuels
today have at least some degree of toxicity.
Many are very dangerous. Extreme caution
should be taken in handling additives.
Remember, the additive is placed under
pressure when being injected into the line, and
when collecting samples during calibration,
some spillage can occur. Be careful, wear
protective clothing including eye protection.
Be sure you have facilities to wash off any
additive that may come in contact with your
skin. Read all factory safety precautions and
follow them to the letter.
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HERE IS WHAT YOU WILL NEED:

e Appropriate safety protection equipment

e Eye protection in the form of safety goggles

e An assortment of wrenches that fit the
various fittings on the system. Note: two
(2) 10” Crescent wrenches will normally
take care of any adjustments to fittings you
may have to make (one to hold the fitting,
and one to hold the adjacent fitting. ).

e Some clean rags for cleanup of spilled
material.

e A marked graduated glass bottle that is
marked in either CC’s or ounces. (At least
16 ounces)

s A stop watch.

e A means of determining the flow rate of the
main system. '

e A small pocket calculator is helpful for
convenience.

e A clipboard is helpful with pad of paper.

o At Least One, And Preferably Two Extra
Helpers.

e A large container to collect the output of
the pump while you are not actually
calibrating the system.

REMEMBER: Any pumping system

varies with temperature and fluid being

pumped. The system also changes as parts of
the pump wear.

No two systems will ever perform exactly the
same. For this reason, the procedures given
for calibration are general in nature.
Obviously, it is impossible to provide a graph
or table that would be absolutely accurate in
every case. With that in mind, all tables and
graphs should be used as general guidelines.
Remember, the calculated, timed and
measured output that you gather is absolute.
Trust your figures and your calculations.

CALIBRATION AND STARTUP

IF YOUR INJECTOR SYSTEM IS
EQUIPED WITH CALIBRATION
GAUGES, FOLLOW THE INSTRUCTIONS
FOR THEIR USE IN THE BACK OF THIS
MANUAL.

PROPER ADDITIVE INJECTION RATIOS

Although volumetric calibration at
atmospheric pressure will bring you within
an acceptable range of additive injection, the
only true evaluation for proper ratio is the
ASTM D-5006 evaluation for fuel system ice
inhibitor (FSII). Do not depend on
volumetric calibration to ensure on-spec
performance because line pressures can vary
and additive injector parts wear over time.
Contact Hammonds Fuel Additives, Inc. for

13

supply of quality fuel system ice inhibitor
and fuel testing procedures.

Please Follow These Steps In Their Given
Order.

Read Them Over Carefully Before Starting,
Then Follow Them To The Letter.

If There Is Any Part Of The Procedure That
Is Not Clear, Consult Your Factory
Representative Or The Factory Directly.

1. Make certain the additive tank is full of
the proper additive.
2. Open the suction valve between the tank

and the pump. This valve may be located at any
point between the additive tank and the
injector.



Hammonds Model 4T Injection System Manual

B If the system has been calibrated at the
factory at a particular level close to what is
desired, you may only have to make minor
adjustments. If this is the case, go directly to
Step 6.

4. If you are starting from scratch in your
calibration and adjustment, loosen the stroke
adjustment locking screws located on the bottom
of the pump body. This will allow the stroke
adjustment to be moved.

5. Adjust the stroke adjustment knobs
located on the pump body to approximately
50%. CAUTION: Do not turn this adjustment
with excessive force. If they are difficult to
adjust, simply rotate the shaft coupling just
ahead of the pump as you make the adjustment.
You will find this makes the adjustment much
easier.

6. Lock the stroke adjustment locking
screws down firmly.

7. Set the calibration valve in the bleed or
“calibration position.”
8. Make certain all product connections

going to and from the system are in their proper,
Jocked position to ensure safe, leak free flow of
product through the turbine. Check the flow
direction arrows located on the turbine housing
to ensure that the system is installed properly.

9. At this point, consider the information
you will have to gather during the next few steps
of the calibration process.

A. What will the flow rate through
the unit be?

B. What is the length of time that
the calibration will cover?

C. What is the amount of additive in
ounces or cc’s that you will need to collect,
based on the time duration of the calibration?

14

You should have the answer to all these
questions during, or by the end of your first
calibration trial run. If you alone can do it all,
fine; however, it is suggested that you have an
assistant give you that information as it will be
needed to determine whether the system needs
to be increased or decreased in output.

10.  Before starting the product supply
through the system, make certain everyone
understands that you will run the system for,
let’s say, one (1) minute. Even shorter runs are
fine, especially if you are running at high flow
rates.

11.  Place the measured graduate under the
calibration tube. Put on your eye protection!

12. At the command of the timekeeper, or
that person watching the flow meter, start the
product pumps.

13.  Give the system a few seconds to gather
momentum and flow through the turbine.
Notice if the turbine is turning. The coupling
between the pump and the turbine housing
should be spinning. You may not be able to see
the coupling on some models, however, you see
the shaft. On enclosed systems, there may be a
1/2” pipe plug that can be removed on the side
of the gearcase mounting in order to view the
shaft and coupling.

14.  If the pump is being started up for the
first time, it will take a few seconds to prime
itself and begin discharging fluid from the
calibration tube. Is your eye protection on? If
not, PUT IT ON NOW.

15.  As soon as the pump begins discharging
a clear, air free stream of fluid from the
calibration tube, you will be ready to stop the
system and begin your calibration. At this
point, the system is primed.
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e Hammonds recommends using the Suction
Calibration Gauge or a pressure simulating
calibration device shown in the back of this
manual.

16.  You will now prepare to make your first
actual calibration run. Notice the setting on the
flow meter, set your stopwatch at zero, and
empty your collected additive back into the tank,
putting the bottle back under the calibration
tube. :

17.  When everyone is ready, start the system
again. Stop it at the decided time interval or
meter reading. Calculate the amount of product
that traveled through the system. Measure the
amount of additive gathered, and record the
amount of elapsed time.

18. It will be at this time that you will have
to calculate how much additive should have
collected for the amount of fuel that the system
pumped. This, of course, depends upon the
ratio that is required. You may be a whiz at
numbers and do this in your head; however, for
the rest of us, it takes a little longer. If you
know for sure how to arrive at these figures, you
can stop right here. If not, the following
example is the easiest way of explaining the
procedure without getting too complicated. It is
not the only way....just one way. Use it if you
like.

Example condition: Amount
pumped: 500 gallons

of  product

Ratio of additive desired:
per million)

250 PPM (parts

15

It is assumed that the operator will
know how much product is being pumped
through the system in a given length of time. If,
for example, you have a meter that registers the
flow in gallons, you simply record the gallons
at the beginning of the timed run, and then
again at the end of the run. If you ran for one
(1) minute, you simply subtract the beginning
number on the meter from the number
registered after the run. This will give you the
gallons per minute (GPM). Having to make
this calculation is the only reason for timing the
run. You can accomplish the same result by
just watching the meter and stopping the system
when you have totaled the desired amount of
gallons through the system. In any case, you
must know the amount of product passing
through the system before calibration can
begin.

First, change the gallons pumped into
ounces by multiplying 500 x 128. The answer
is 64,000 ounces. (128 oz. To a gallon)

Second, divide 64,000 by 1,000,000.
The answer is .06. Since you are dealing in
1/1,000,000 of the total for your ratio, you must
find out what 1/1,000,000 of the 500 gallons is.

Third, multiply the .06 x 250 (for 250
PPM ratio). The answer is 15 ounces.

So, you should collect 15 ounces of
additive for every 500 gallons of fuel pumped.

These are all large, round numbers.
You may, for example, only be running at 100
GPM, not 500. Use the same procedure, just
change the numbers to fit your application.
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ADDITIVE CHART
GALLONS 135 PPM 270 PPM 1000 PPM
100 1.7 OZ. 3.4 OZ. 12.8 OZ.
200 340Z 6.9 OZ. 25.6 OZ.
400 6.9 OZ. 13.8 OZ. 51.2 OZ.
500 8.6 OZ. 17.2 OZ. 64.0 OZ.
700 12.0 OZ. 24.0 OZ. 89.6 OZ.
1000 17.2 OZ. 34.5 OZ. 128.0 OZ.
TROUBLESHOOTING THE SYSTEM
The following conditions are given as a
means of troubleshooting the system. Each A. Pump is airlocked. In some cases

condition lists a number of possible causes. In
most cases, trouble can be solved by the use of
this section. Please read it carefully before
attempting repairs, or making changes in the
system.

THE TURBINE IS NOT TURNING

A. Insufficient flow to turn the turbine. A
minimum of about 150 GPM must be present to
start the system. 200 GPM is the minimum for
normal calibrated operation.

B. A rag or some other object is jammed in
the line, preventing the turbine from turning.

C. A diverter valve is blocked downstream
of the system, blocking the fuel flow through
the system.

D. A defueling valve is left open on a truck
or hydrant system, starving the turbine for
product flow.

E. The pump and turbine have been
knocked out of alignment during shipment or
installation, causing a binding of the coupling.
THE TURBINE IS TURNING AND PUMP
IS RUNNING, BUT WITH NO OUTPUT

16

where there is a very long line running from
the injector head and the point of injection into
the system, there is sufficient air volume to
cause the pump to act as a compressor. It is
not able to open the valves throughout the
system and, therefore, cannot pull a suction of
fluid to the pump. Crack the fitting ferrule nut
on the discharge side of the calibration valve
and allow it to remain open until the pump
begins pumping. This is rare, but can happen
in some cases of unusual installations.

B. One or more of the suction or
discharge check valves is not working. While
the pump is running, tap on the side of the
valves, one at a time. This will generally jar
them loose. The balls are very small, and will
sometimes become stuck from the residual test
fluid left in the pump from the factory. After
the valve is loosened and has a supply of fluid,
it will not usually stick again.

C. The pump is not getting additive.
Check the valve between the pump and the
tank. Check all connections in the line
between the pump and the tank.

D. The vent on the tank is not open,
causing the pump to pull a vacuum. Open the
vent. Check to see if the cap has been
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removed from the dryer cartridge, if so
equipped.

E. The pump stroke is set at zero. Check
to see if the locking screws have been left

loose, allowing the adjustment knobs to rotate
to 0.

F. The additive tank is empty...don’t
laugh, it happens.

PREVENTATIVE MAINTENANCE

1. Check pump gearbox oil level monthly.
To check the pump gearbox oil level, remove
the plug on the side of the gearbox (1/8” Allen
head pipe plug) that is even with the output
shaft of the gearcase. Oil should be filled to
this level. To add oil, remove vented cap on
top of gearbox. Refill with Mobil Synthetic
All-temperature Gear Oil, #SHC 626. Do not
overfill as oil will boil out of the vent if level is
too high. Fill until oil comes out the side port.
Overfilling will overheat the unit and reduce
injector output.

2. Make certain to use only clean, fresh
additive that has been stored in a sealed drum.
Most additives are moisture sensitive. Some
will form heavy crystals if allowed to
accumulate moisture. These crystals will stop
the pump in very short order, if not cause
calibration to be changed due to clogging of
valves and other parts.

3. Check the additive filter screen at least
every month, more often if there is an
indication of possible contamination.

4. Check the system for leaks at every use.
This is an extremely important procedure since
some additives are flammable, caustic, and
corrosive and may have environmental impact
if a spill occurs.

5. Check for leaks at the seal that is
located at the exit point of the turbine output
shaft as it leaves the turbine housing. This
should be at each operation. Leakage at this
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point usually indicates the mechanical seal
inside the turbine housing is leaking. A leak
here will usually indicate fuel, and is not only
a possible fire hazard, fuel in the bearings of
the turbine will quickly wash away lubricant
and cause damage to the gearbox.

6. Check the fittings for leakage around
the suction filter, if one is used on the pump.
Check this fitting each time the filter is
changed or cleaned. This would apply to top
and bottom of the glass tube used in the
Suction Sight Flow Indicator. Make certain
there are no leaks in the suction line. A very
small leak will either change the operation of
the pump, or prevent it from operating
altogether. |

7. Visually check around the pump head
to make certain there is no leaking of additive
around the fluid ends. If there is, check the
tightness of the head bolts. These screws must
be tightened to 40 inch pounds. Under
tightening will allow leaks and the diaphragm
to work free, reducing the output of the fluid
end. Overtightening will damage the
diaphragm. An additive leak that appears to
be coming from inside the pump power frame
under the stroke mechanism, usually indicates
a ruptured diaphragm.

8. Pump diaphragms require replacement
at different intervals, depending on the total
hours of service, the speed of the particular
installation and the percent of stroke being
utilized. As an example, a system that
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operates eight hours every day is considered
continuous duty. If the system is operating at
above 120 RPM pump speed, it is considered
severe, and finally, if the pump setting is
greater than 50% stroke, the diaphragms will
experience greater fatigue and, therefore fail
sooner than one that is set at 10 - 25% stroke.

Depending on the operating conditions
(duty cycle, speed, and % of stroke and
pressure), diaphragms can be expected to last
from 6 - 18 months, It is recommended that
critical duty installations begin initial service by
checking the diaphragms after 6 months.
Normally. checking only one of the diaphragms
will give an indication of the condition of
others in the system. FExamine the diaphragm
for wear. Ifit is in good condition, perform the
next examination following nine months of
service.  If the condition remains good,
examine again after twelve months. Check for
signs of breaks in the Teflon surface, cracking
or swelling of the rubber backing and failure of
the fastener in the rear of the diaphragm.
White crazing on the surface of the Teflon face
is normal. If any signs of swelling or deformity
of the Teflon is seen, the diaphragm must be
replaced. Remember, only the Teflon face is
resistant to the additive. The rubber backing
will soon deteriorate after the Teflon face is
broken and leaks additive to the reinforced
back.

As a general rule, diaphragms should be
replaced every twelve months. Careful
monitoring of your installation may reduce or
extend that period. You should establish a
maintenance schedule that gives reasonable
life, without risking unscheduled failures.

9. Check grease around the eccentric drive
bearing in the pump every six months. Use a
heavy, waterproof grease. A little common
sense here is important. The bearing needs
enough lubricant to keep the surface of the
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bearing and the face of the crosshead coated.
Excessive amounts only attract dirt and make
visual inspection of the various parts difficult.

10.  Check the eccentric drive bearing for
tightness every 30 days. Replace the bearing if
there is excessive looseness in between the
inner and outer race of the bearing. Make
certain there is no looseness felt between the
bearing and the output shaft of the gearbox.

11.  Visually check the stroke adjustment
parts of each pump every 30 days. These parts
are held in by a series of small screws. If these
fasteners are allowed to work loose, the parts
soon fail. Movement in the stroke adjustment
knob and the stroke locking screw during
operation will indicate this condition. If any
movement is observed in these parts, check
closer for looseness. Thread compound must
be used, along with appropriate torque settings
on these fasteners.

12.  All stroke adjustment parts of each
pump fluid end will eventually need
replacement. Again, this will depend on the
severity of service. As a general rule of
thumb, a complete rebuild, including the cross
head, cross head wear strips, stroke adjustment
cam and power frame cover, should be
performed during this major maintenance.
Large fluid ends as used in the “L” pump
heads generally create more wear on these
parts, and should, therefore, be checked
regularly to establish a reasonable maintenance
schedule.

13.  The 4T turbine should be removed
from the line, disassembled and inspected at
the following intervals.

Total Operating Time Based on Daily
Service Averages

[ 0-4 hours ] 5-8 hours ] 8+ hours |
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i 24 months ] 12 months ] § months

As with injection pumps, the inspection
of one unit will provide a good indication of
general wear where multiple unit installations
are involved. There are only four parts to
inspect; the mechanical seal, two sealed shaft
bearings and the oil seal where the turbine shaft
exits the housing.

Mechanical Seal: A mechanical seal is
normally serviceable for many years. Be
extremely careful as you disassemble, inspect
and reassemble the seal. The smallest scratch
or particle of dirt left on the seal face will cause
it to leak. The seal should be replaced, if at all
possible.

Shaft Bearings: These  bearings  are
sealed from the factory. Bearings should be
checked for excessive tolerance between the
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inner and outer race. If bearings with
excessive wear remain in the system, the
turbine shaft will move excessively and cause
the mechanical seal to leak. Bearings are
inexpensive, replace if possible.

Shaft Qil Seal: This lip seal is located on the
turbine shaft as it exits the turbine housing. Its
primary purpose is to keep rainwater and dust
out of the turbine housing. During inspection
of the shaft, if moisture is indicated in the
turbine housing, or if the shaft has any rust
present, the seal must be replaced. Make
certain the shaft is clean and free of any
corrosion and rust before reinstallation of,
preferably, a new seal. Steel wool can be used
to remove any minor corrosion. Since the
shaft is stainless steel, there should be very
little corrosion present.
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PREVENTATIVE MAINTENANCE SCHEDULE

NOTE: It is important to read the previous pages on preventative maintenance. These intervals
are general, and may vary according to individual applications and severity of service.

SERVICE FUNCTION 0-4 HRS DAILY | 5-8 HRS DAILY | 8+HRS DAILY
Check pump gear oil level Monthly Monthly Monthly
Check additive filter screen Monthly Monthly Monthly
Check system for additive/fuel Daily Daily Daily
leaks
Inspect diaphragms/plunger 12 Months 6 Months 3 Months
seals
Replace diaphragms/plunger 12 Months As needed As needed
seals
Check eccentric bearing 6 Months 3 Months Monthly
grease
Check stroke adjustment parts Monthly Monthly Monthly
for looseness
Replace stroke adjustment 24 Months As needed As needed
parts
Disassemble and inspect 24 Months 12 Months 8 Months
turbine housing and internal
parts
Grease turbine...use zirk 12 Months 6 Months 3 Months
fitting below gear reducer

DESICCANT DRYER

Your Hammonds additive system may
include either a custom additive tank, or one of
several Sight Flow Indicators. Both custom
tanks and the 5-SF and 55-SF Sight Flow
Indicator come equipped with a desiccant dryer
cartridge. These units come in several different
sizes.

Most systems come equipped with the
standard 3/4” cartridge. This unit is attached to
the tank or Sight Flow Indicator via a short
length of black rubber hose. The cartridge has
a housing constructed of a clear poly material
and is filled with a blue colored desiccant
crystal. All these units are shipped from the
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factory with a small yellow-cap on the ends of
the cartridge.

Some systems may come equipped
with a large canister measuring approximately
2” diameter and 8 - 10” in length, These
units perform the same function, just on a
larger scale. Due to their greater capacity,
they last longer between service. These units
are sealed from the factory by a small, plastic
plug, which is located either on the bottom, or
one side of the canister.

The purpose of all desiccant dryers is
simply to remove moisture from the air as the
system breathes.  All tanks or portable



Hammonds Model 4T Injection System Manual

sources of additive supply must be vented to
atmosphere in order for the injector to operate.
If moisture in this venting air is not removed,
some additives are either ruined, or seriously
damaged. Fizzy®, for example, is designed to
seek out water in a fluid. So, when enough
moisture is absorbed into the container, the
Fizzy® is diluted and at some point will be
ruined. Biobor® JF, an anti-fungal material,
will form crystals in the presence of moisture
and not only perform unsatisfactorily as an
additive, but will stop up pumps and lines as
well.

~ The following instructions apply to all
desiccant cartridges.

A. Remove the yellow cap or plug
when the system is placed into service.
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B. Observe the color of the
desiccant. The original color is blue. As
moisture is absorbed, the color will change to
pink. When the cartridge is completely pink,
it should either have its contents removed,
dried and replaced, or the entire unit replaced.
NOTE: The contents can be placed on a pan,
and baked in a conventional oven until the
moisture has been removed. When the color
blue returns, the material is again ready for
service.

Color change and cartridge life is
totally dependent on humidity. The more
moist the air, the shorter the life. Keeping it
dry is especially important if additive is not
consumed rapidly. Check daily, and service
as needed.



T

L \
._.\___
yaANaly —/

dANdStL-—

«</} L3N
JALLIAAY

5 p—————"
/

—_— - . 3 : , 1 =
696G sniotia LEINT C/T | et Emwﬂzﬁwﬁwﬁmm s /2) T A BT e Diavw Ex Lc.n,_x ﬁim _Z,w
0513 30 SN0 3 Thig N YIS0 [ [ x
mﬂ r—Lﬁ A@QOS MQZOEE<E U1 v o T ey | ALITEININD e mmmm WN um%,z ] h ECI GG ip
- I T i R =AY SBONS /| Qo n e | BB SBHA31 | ONIAva0
§§ i BN ;_.__Eﬁu&u._ SN %) WL SONDMAYH | ST 100 | gm0 e
i ¢ / / V1IN TS ST S
ONT “STITANAS TVOINHDAL SUNOMNVH | "R S N
8/} ¢
- vyl -
0+
- el =———>
JONV14 ISNV
MO14 S U#0SL
L / g
_,.W,,_. “
_— 1
[ _
]
/ IAVA XOTHO
INIOd
«//Il

NOLLOAMNI




VIOL) csmoona SR S) STAGON dM1d M03 | aBial il s on o sl /2] e o 1 I 1 T I =2 T
v ! conmeswry (OIS0 08 1V] RO 3Nl #EE IS T, (1/07[30i0d 00 03007 | N/
OUYWIHOS DNWHAAH ) ciie i | St | %07, 2 T LS mo_\m_w%_ IR Y/
C0/ST/B0_ BBE _ [ 860710 o) ENI0EN smows o [ 3 K
S 28 Wl _ 16 03 | TN e éu@mwﬁ% w.m_@_m%é CSTNY AE.mﬂm:Eumﬁ e
NI WML R
OZ_ mmOSmmm ._<O_Z_.._Om._. WQZO§§<I <z L m__g *SIINTAT 0L
4
AN HOLOW
MO 10Naoyd aini4
@ ®
P | LINI
JATVA MOIHO / ! INILIAQY —
AINIOd NOLLOIPNI — ﬂ
I
! /4
" J—od
Gide ¢dl |
S | Y7
o1 —— 440/NO
We /!Nl B |
SzISh 1 0O |
'ST3A0ON dNd (&) L HIANVYHLS HLIM
diAnNd
NOLLOArNI 3OMvH
IdS © \, NOLLVHEITVO
00z = VNOILJO
0002 | \
e 0 |
121 00v | / f
101 000} &7 (WNOLLdO)  / f
18 008 ¥3L3N 3ALLIQQY — /
19 009 ol
Lt 05} ANNVAAVME 2 18—
-3INIgHNL- -ad-

'STIQ0W ¥OLOW a4 (+)




X

X

X

X

31¥0

#d35 N1

=

A#d3S Widd

|

p-1

ALy

A3IA

MELER

ONIAVED

{Addv Ad 31Y0 NOISIASd | 0N
X 1SS [10/1140] was 0 03y [N/
x | Ss [i0/21/¢] 800288 SYAh | \/
X | SS [S0/92/G0] W3S ynng g3ony | N/

8811 ool THALS NOAHAVD T LR | ot [vas on b sl /0 2]
TATH ANTGUOL LF L el omiaSaiEmes | i | S, 20
S/ier TSTR . 1672050 3| SN sOm 5 4 | r
L T sl ws| MIIHHLSINIARH | oS00 00 | gz e
= © ) HETSE 3 A SIN
ONT “SIDTAYES TVDINHOAL SUNOKRVH | MAs AN T

JONVId Ol dANd/X08¥v30 TIVISNI

‘NVH A8 ATISV3T S3LVIOYH LJIVHS

JHL IVHL NMW1Y3D 3XVIN 'SINN TV ONIN3LHOW

d314v "ONNOS ONIdvYOS ON HLIM ONVH A8 ATISV3
S3LVLO0Y L4VHS NN NOLLO3YIA 3NO NI ALHONS

JONV14 JAOW 'SHNID0 HYOLOYH 40 ONIANIE 1 "HMIANNVIA
SSOHOSSI™O ¥V NI ATN3AT SLNN GNLS ONINILHOLWL ATIN4
“JvO JNUHM ONVH A8 Li# L1IVHS ONLLVLOY A8 JONVEVITD
O ¥OLOY MO3IHO 'v# SLAN ? SANLS TIWLISN! 'GIYILNID 1|
ONId33Y "ONISNOH OLNI ‘ASSY 3INIGNNL TWLSNI ‘8¢ IONVI4
. O1L diNd/X08Yv3O ONITGN3SSY 3HO439 JLON ATEN3SSY

ONRVIE | 1 £€90188 F#d
ONId dVNS | L 025188 2
ONMO | | 615188 0z
ONISNOH ONIYv3d 1y | 1 p¥0Z91 6l
JIEXDS B AT | 1 81
i LivHS | Gv0z9t m
BILX DS B CAD| 91
ONRIVIE | | 69¢€188 Gl
ONINO | 1 815188 vl
¥3ldvavy was| 90291 €L
YNNA "V3S TWOINVHOIN | 1 0S01¥ 1 Zix
‘'H W3S TWOINVHOIW | | 250£98 Zlx %
QYVANYLS W3S WOINVHOIN | | 600188 Zh
ONId dVNS | € 100188 i
) HOLOY | 1 510288 01
3SON M3aNNIdS | | | £01Z91 6 [\e/
M3FOS 138 | T 010188 8 |
M3S 13| ¢ 210288 i
- W LY | L 8v029t 9
I N ¢ ¥eE 01 G
13S INN/anisyxolve | 8 62188 ¥
LDISVO | 1 641 3
9N1d 3did JJ/L | G00I5! z
‘SO ONISNOH 1 | 6¥029}1 L
NOLLI¥OS3A | ‘ALD | 'ONL¥vd| WALl




T sooedg | L00L=T001

IHPM3yeus= x, HO8=08
Induj jB9gUaA = A %.S._““Ecm | | ”%w %
(ms)indujzuoH = H UoSUEX3) QIS = § \ov = Op
| 1106 = €
157= 52
1z = 0
pefey .25 = @ | Ago=XX  I5L=5|
pakay pie = ¥ 1 12h- ._h_ao!._.m LoL= 01
Q3 = 3 W1y §1= 40
LS =80
$30IS HLOE NO dINNd ¥4 ALD 318N0a . 5L 9 ouvy _
YIHSYM MOOTOHON 2 0/z588 62 £ o g = @
dvD OHO0S WAQLX 1-OW 2 892688 67 y @ L4VHS LNdLNO wdng aifuss =
M3IA0D LVHS | vi0zee LT @ SMLNID03 WNa _|_
WIOVLS HINOD L4VHS L €20282 92 )
YIHSVM MOOT.8/€ ¢  £00188 ST @\@ ; @ i SO RS
(1dO) 1708 X3H .2/ -b X O-8IE ¢ 08Sl88  ¥C Lo L.
L1OEX3H .Z/FEXOI-/E ¥ L1ze88 €2
MINOS 1IS 02V/L  Z geEieR 22
(1LdO) .8/6 ‘NOISNALX T LIVHS 11 850282
(LdO) «&/} 'NOISNALX3 LAVHS b 12028 12
JIWHONMHNOD XTI 1488 & zzol88 02
y3awds ¥3gEny b LL0iE2 6}
ATVHONMHNOO XT4.2Z/L L 080488 81 @
(LdO) ¥3OVdS LHOIFH LNdNI L SYOeez Ll
HIOVLS LNANI L g90zez 9L L4vHS
ONIM d¥NS TWNH3AIX3 L Sp0L0L Gl & 1ndLno
ONMVIE IARMAAH | L IS1Li88 bl o« JIONIS
¥3IOVAS | L 666188 €L + HLIM 38N
ONRVIE L z88188  Zh + L4vHS LndLNO
YIHSYM MDOTOHOWS - + zseees Lo+ OMINI003 TIONIS
d¥O QH D08 HIE-ZXBI-OHS ¥ 1GE288 0L «
0018 INNOW dANd & 00282 6 »
UIHSVM MOOTOHON ¥ 02588 9 *
dvD OH O0S WNDE X 1-9W  + 692588 L *
¥IOVdS LNdLNO | & 69028 9 =
ONIM dvNS WNYIIXI 2 8G0E0L  © : :
L£XOS.OUE'AIM L gl0e8C ¥ @ e
003 WNA 'LAVHS LNdLNO zi0282 €
293 TI9NIS ‘LAVHS LNdLNO L 1o0zez T
¥30Na3Y 1°00L L 001002988 ® B
¥3IONA3W 108 L 08-002988
¥30NQIW 09 | 09-002968 @ 6
¥30NAa3W 0S| 05-002988 @ > @
¥30Na3W 1OV . L 07002988
¥IONATH LOE . | 0£-00Z988 @
¥IDONA3W LSZ | 52-002988 % MIOVdS
¥3ONA3N 102 4 02-002988 = ° ® @ . :a HL WA
N3IONOI ISL L 61-002998 I e FEtaie
¥3I0NA3Y k0L | 01-002988 @
¥3IONAIW LSL L £0-00Z988
¥IONAIW LS L 50002988 L

NOLLJIMOS3A "AlD ‘ONLM¥vd  WILI




P -

diQd ST SANORKVH

UL NIV

y/5I/E0 EIE

8

16/51/01

IL

NI

"SHOIANAS éazmuﬂ& SUNORRVH

SIS
TYIIND3L SONDHYH

1) AR 3l ST 0F

TYLINIOIIND
ST 1N STHL

"NIW S00° SHE | A X X X X A8 31v0 NOISIASY | 'ON
VI ONY SR8 3NHTae \m/_ m J1v0 #3385 01 31vd| #8335 WO 1
e e SS_[86/90/10]ATA JHD NI 0300v | N/
ATENDs | B8 X bl vi-GF LE FE-OF SS 6680 BOOIOT# SYM | \¢
e | ag-ax | L | "Be've’0c 818112101 3ITANI ’
i ] nmum.&wwﬁ_ _@* [EI STAT oniavad 1SS [20/€0/60[ A4 DHD 1v3S 1408 | \&/
S R SS [¥0/G1/60] SIATWA MI3FHI MIN [\
SO NI 3N HISEND T
TN 0L+

"1dvaY 39NL LINS ¥/ 1 X 8/
NOLLOANI 3ATVA #03HO
TWNOLLJO
NOLIA SATVA XO3HD [4 l£9188 | V61
"ALS 'SY14V A TVA XOIHO 2z €0¥20L | 61
(LdO) ¥/} TX ZE-0} MIUDS ¥ 099183 | V81
JIEX ZE01 MIUDS 2 680188 | 81
+8/€ X 76-9 '‘MIYDS ¥ 0010k | 21
O# “HIHSYMHMOO ¥ 980188 | 9L
8/ X 268 ‘MIMOS ¥ 600104 | St
M3HIS X001 b ¥00K01 | #1
¥3IN0D IAVAS ¥3MOd b 20010t | €1
SONM INSNLSAav HIOULS L 100101 | 2}
30IN9 WD 1 €0010) 1
WvD LNINLSNrQY INOULS } S00104 | 0L
ONI¥V3E 3a1S 2 ZGH01 6
QvIHSSOUD ! 90010} 8
ONRIAS NHALIY Z 100101 l
30IN9 QvIHSSOHD } Tv8i0L 9
1 X ZE0F MIUOS ¥ 180101 S
0 "HIHSVM X001 8 676298 ¥
S 'ana aintd ! 10020} 3
(NOLLJO) NOLW 'S "WOVYHHJVIQ b SSri0L | Ve
S "WOVHHJVIa ! 910101 [
INVHS ¥IMOd i ¥10101 }
NOLLJRMOS3A | 'ALD | ONL¥vd| WAL




(A T— | o ]
INFWIOVTTIY WOVEHAYIOLS. o sl
__TaoWy GmAR[ | zeuWz A S3)AM3S WOINHOAL SONONHYH
£9 ey agamouddy|  SIN  IMOS| T IONVISISSY WOINHOAL 04
"ONI"'S30IAY3S TWOINHOAL SAONOWIWYH

"SNOLLYIiI03dS HNOA OL
HOL03MNI FHL ALVHEINVOIIY LSNN NOA
‘31 31dW09 51 TUNA300Nd SIHL ¥3LAV :3ION

"30V7d NI W10 007 MINOS X001 TIVLSNI

INZLHOLL-43A0 LON Od

'AVM SHL TV QVIHSSOYD OLNI
ONIQVIAHL ‘WOVHHAYIA MIN TVISNI
‘NOLLISOd (LNO TIN) ISMAO0TD

YALNNOD IS NI L3S WIT HLWE)—

L1S3Y LV WOVHHAYIQ ONIONIME
{38WH00) NOLLOINIA ALISOddO
NIATINA WiQ ALVLONE) —

"ONLLLIS % WNIORO
NO LI NOLLISOd ONV SONX T¥IQ TIVASNISY
“HIAOD ULSYd TVLSNITY
"8ON) V10 AOWTH ED ﬂu
1 Db
(O
\../.nl-L‘ - U
"ONRI VNS TIVLSNI
"ONIMY3E 3AMA TVLSNI y
OL HONON3 FSMN00TD /
N3INNOD W10 AUVL0H ED—
) {3ONO ATNO JONIND3S 3NOHOL FHL LY3d NIHL 17
TNV ALY NI 'NYALLYd 3HL NIMIHOS HOVI 3n0YO0L
ANV NOLLYWNO430 WOWNHAVIO NI LTINS TY "MOT138 NVMOHS ¥30¥0 3HL NI, 'SETNI 0%
TIM FANCID0N SHE MOTIOH OL FuN VA OL SM3M9S NILHOLL 'SIOLS 11 TLLNN ONVH AS
IONINMVM NMOQ 3NO HOV3 ONDIVL'SMH0S TVLSNEN () —
| oemmr—y)
9 y
= [ o)
, B
] [ ‘OLLYY NOLLOANI
3AVHd 4IMOd 1SNVOY _ LINZIOH-NSNI NIONLLINSTY 'FONVINHO I

@V3H dNNd 30NT3 TIM 'S8T NI 0F OL
ATH3d0¥d SMIHIS INDHOL OL FHNTVS

"ONINYVM «

S
¢
WOV HHAYIa 010 MIBOSNNE) —
410 N8 /
MO 3ANSO— 7
ONIN dvNS JAOWIUE)
i __._l!....llu‘
NIV 3 // _
ARIA GIUVII0 SYH QYIHSSONO ANV f /
AV HIMO H0 30VAHNS AWV SVH / /
NOVHHAVIQ NN BSMIOOD¥ALNNGD  / / “— W4 ¥3M0d
3UV108 ONY NO YOvE 80N WIaSSRI®— . qyanssonn
}

mra gy = "GN QN4 FAONY

s ‘ N @sm Qin4 SNITICH

~—(®) SMIAOS NONTY

o .“
/R ._. . s sz
V. | po ani
¥3A0D DLSVId NOKE)— / ﬁ_
E0NI IO NOWINE) —
M3HOS 00T NONH(D) —




G6te E;s_su_ "L ﬁwﬁpﬁhﬂmws 3 O 5458 306 @mﬁ_ m:.m [EER m_w m:w [EER Emu m_ﬁ,&xq Ex Eéx zEmSJm_ ,wm,\_
WUDﬂu ZOM_H«J:—HA«NQ ZOHEQDW FILIL NIAVI0 %ﬁwﬁ%@ :mm%mﬁ% mﬁmwmrww«& ] £-1 GBE2
ENTY SIS Sy | SIO-E K
|-m.|[l>“ = PIE90S P ;smno — é@rﬁ@% St e | 0oz o LTI STAIT | NIAVA]
41 [N THWT
NI “SHITAYAS TYIINHOAL SANORRYE | iieoo ﬁ%@ﬁ@
(/e ¥O W2/1)
IAWA 440/NO ANVL
SNOLYDNddV
NANIONI ¥04
Q3Q33N SV SONLLLIS
dANd OL \
'LdO ‘NVYNNS ‘LINSYD | ¢ | S20i6L | av
140 INIHJOIN “L3INSYD | 2 | 010ISL | V¥ %
SSY19 I9NVO ‘auvnNO | L | 668188 | 0L @
ONLLLIS 39NLMOE13| L | 89010l | 6 o
FJLIANWAA40NO | L | 0£Z10L | 8 .
SEOX.SEONIBNL ] L | BELIBS |/ I iNILHOLL-Y3A0 LON OQ
3SO0OX WL 3ddIN] L | 690101 | 9 ] “LHOU-GNYH dvD TIVLSNI
dvd| | | zZwvozsL| ¢
NOLIA LISV | Z | €10i6L | +
SSV1930MvO | | | ¥I0ISL | ¢
ININTTH NS | b [ 62026l | 2 -
MOT4 LHOIS 398V1'AG08 | L | 080Z8L | |1 N
NOLLJI¥OS3C |'ALD/ON LHvd | WaLl




190V9 NOTLVIAITY) NOILOAS

T681 somoun

| EWRE 30 TAND H WS N

FILIL P D "I 38 AN TS LN1dd SEHL

3SIAR

) 8 fnye 48 (G

£6/L0/%0

3|
W

;

NI "SEOTAYAS "T¥DINHDAL SUNOKRVE |

WIINHI3L SONCWAYH |

NIW 500" S3703
¢388 ONY SHANE JADW3d«

SR WIINAEL SR
R (BTY 16D S| MOTSSIetd K3 [

X] X X] A8 g |

NOTSTAde | ON

ST JONY (L BN Y KT
4’11 500

ALTITHINAOND D

EEGE,
SN SR

13V NI a0 3T NI CEORG o)

00" -7+ =X

Gi0 -7+ =XX"

GO0 -/+ =XXX
(STIVWIZJE 0L

Y ey m
_ B8 —

SHEATT BEGE

3va] #3435 01
]
[EHI

A1 A3 4 ST 0w

WILNZOINO]
ST INjad STHL

‘Bl BE 35 RHI0 TEW)
THIND NI ¢ SOIWNID TV

¥SINI L

dANd ol § |

0NV
NOLLVHaITvVO

NOILONS —

m
|

i

\ INTVA
— A1ddns

|e6yzo gz |
8Z€0’

(NOITHIW ¥3d SLHVd) Ndd 952 HO
(SHLNOITIIA 952) 962000° =

0SE

g9ze0° = S}
SNOTVD 0SE = Q3¥3AINTA 1304
Zo LI = QILO3rNI JALLIOAY
(sn) :INdnwx3

(NOIMIN H3d S1avd) Ndd 082 4O 0001
(SHLNOITTIW 082) 082000 84

8.1

082" = 005
SY3111 5844 = AIUIANAA 13N4
A 00§ = QALDAN| 3ALLIAAY
(OrdL3IW) F1dnwx3

‘OlLVY NOLLOAMNI g3dIS3a NIvL80 OL dNWNd
WOVHHAVIA NO IMOULS 40 IOVINIOHAd ISV IUDIA HO FSVIAHONI

‘Wdd NOA DNINID 3dWNd SYM JVHL 13n4d
40 IANTOA IHL A9 A3SN IALLIGAV 40 LNNOWY IHL Jainig

‘TATVA ATddNS FHL NIHO "FIATVA LNIA IHL 3S0T0 "Q3dWNd 13n4 40
INNOWY JHL QHOOIY 3DONVO NOLLVHEITYD IHL WOX D NMY MO SYM
1VHL 3AILIAAY 40 INNOWY IHL aHOOIY ‘NNY IHL 30 ANT 3HL LY

(NNY VML LHOHS V HO4 L3S) MO1d LONQOodd JHL

LUVLS "GATVA LNIA IHL ONINZJO NIHL ANV IATVA ATddNS 3HL
ONISOTO 1SdId A NOILYHAITYD NID39 "ONIQY 3 ¥ALIW LONQ0Hd
NIVIN ANV FONYO NOLLVYHSITVI NI T3ATT IALLIGAY JO 3LON IMvIN

"BATWA LN3A 380710 “TINd IONO
“TUFH3A0 LON Od
MHYIN O¥IZ OL T1id "IONVD NOLLYHEITVD T4 T1M SIHL

‘SATVA LNIA NIdO AMMOTS ‘NId0 IATVA ATddNS HLIM

“LO3rNIOL L3S 38 LSNW IATVA AVM-E IHL "dIV 1TV 40 Q39und
ANV d3WId 39 LSNIN dWNd 3HL "31v¥9iTvD OL ¥Y3a¥0 Ni

SNOILONYULENI NOLLVYEITYD

77
k // ;\

(o

(e

¥4

(+

JONVO NOLLVHEITVO NOILONS SANOWAVH




