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INTRODUCTION

USES AND PURPOSE OF MANUAL

This operating manual has been assembled with the following
purposes in mind:

1. To aid the operators in becoming familiar with the HC1
plant.
To serve as a ready source of reference for the operators
throughout their tenure at the HC1l plant.
To provide a set of basic procedures so that everyone is
working under the same instructions,
To serve as a place where data, facts, information, etc.

on the unit are centrally located and readily available.

Like any new operating manual, it is expected that changes will be
warranted in this write-up as operating experience is gained. Please feel
free to suggest these changes as 1£ is intended that this manual be kept
current and meaningful.

It should be remembered that this manual is the property of Pittsburgh
Plate Glass, Chemical Division, Lake Charles, and may be recalled at any time.
You are personally responsible for the safe keeping of this manual as well

as the information therein. This is why the manual is numbered and charged

to you.
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GENERAL DESCRIPTION

The HC1 process is broken down into two areas. There is a Dry
HC1l plant and a Wet HCl plant. Both plants use H2 and C12 as feedstock
and both plants produce anhydrous HCl as an end product, but there is a
difference in how each plant processes the HCl.

Anhydrous (dry) HCl is produced by burning H2 and Cl2 in a water-
cooled combustion chamber. The reaction is:
H, + Cl,=> 2 HCl

2
H2 is fed in a slight excess so that all of the Cl, is reacted and the product

HC1 has 2% to 5% Hp in it. The excess H2 should be large enough so that there

is no danger of having any C12 in the product stream.

The Dry HCl plant gets its 012 from the MC Cl, vaporizer and its HZ
from the H2 compressors in the cell area. The two gases are fed into the
bottom of a combustion chamger where they are burned, forming HCl., The HCl
is removed from the top of the combustion chamber and goes through two stages
of cooling. The first stage is well water, the second stage is chilled brine.
There are two identical sets of burners and coolers. From the coolers the
gas goes through an H2304 dryer and into the compressor suction. From here
the gas is compressed to 50 psig, cooled and sent through 11,000' of 6"
schedule 40 pipe to the customer.

The Wet HCl plant gets its Cl2 from the compressors in liquefaction

ce gas) an ts rom the compressors in the ce area. e gas
(cell ) d i £ he H i h 11 Cell Cl2

2

may be used in the wet process because the inert gas impurities are not carried
through the process. H2 and Cl2 are fed to the bottom of a combustion chamber
where they are burned forming HCl, The combustion chamber and the feed systems

are the same as those in the dry system. The HCl is fed from the top of the

COWFIDENTIAL:
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chamber to a cooler absorber, where the gaseous HCl is absorbed in a weak
acid (20%) solution making it strong acid (327%). The inerts are pulled
through a tails tower by a steam jet ejector and discharged into the vent
scrubber. There are 3 identical sets of burners and absorbers. One dry
burner and cooler may be run as a burnex absorber system, and there is one
abgsorber that is used for vent streams. The strong acid is sent to storage
and from there it is pumped to a stripper. In the stripper, strong acid is
fed and gaseous HCl is cooled in 3 stages, the first stage is cooling tower

water and the other two are chilled brine. There are two idential sets of

strippers and coolers, After being cooled, the HCl goes through a HZSOA

dryer, is compressed, cooled and sent to EC.
In the near future VC will be tied into the HCl system, VC will
then become the source of HCl in place of the burners. At this time this
manual will be brought up to date,
To improve efficiencies in the MC plant, HCl from the TCE Reactor
is fed into the suction of the EC HCl compressors, To replace this HCI,
No. 4 compressor takes its suction gas from the stripper gas, compresses this

high purity HCl, cools it and sends it to the MC reactor.
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SAFETY FOR THE HC1 AREA

Due to the nature of the operation and the chemicals involved, the
HCl area is restricted to authorized personnel only.

Company vehicles will be permitted to travel on the main approach
road through Area "B" and the access road to the control house during normal
operations. Special permits will be required to enter any of the operating
areasg or chained-off areas. Never cross a chain, regardless of whether
it is up or down, with a vehicle without a pass. Passes for vehicles will
be issued by the operating supervision of the affected area. All passes are
-hnmediately revoked 1f the Area "B" evacuation whistle sounds. If you are
opérating a vehicle and the emergency horns sound, shut down the vehicle and
evacuate the area as quickly as possible on foot. A new pass will be issued

to remove the vehicle,

"It has been said that all synthetic hydrogen chloride plants blow
up sooner or later. This is probably true. Someone will be careless, or some
unforeseen event will occur."

This is not an idle quotation. We should all remember that the
hydrogen-air explosive limits range from 47, to 75% hydrogen by volume and
for hydrogen-chlorine the explosive range is 57 to 95% hydrogen or chlorine

by volume,

As long as the flame in the combustion chamber is maintained, the
danger of an explosion is minimized.

Causes for flame failure can generally be ascribed to the following

conditions:

1. VUnequal or insufficient gas pressures into the burner nozzle.

Feed gas surges.
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3. Loss of vacuum.
4, Condensate build-up.
5. Burner cap and inner pipe failure.

6. Inadequate cooling.

Our unit has a "Firetron" fire-eye which will monitor the flame
continuously. On flame failure the hydrogen and chlorine valves should close
instantaneously preventing any explosive mixture accumulation. This action
is completely automatic -~ depending only on the proper functioning of this

flame failure device.

EMERGENCY HORNS

The HC1l plant has only one emergency horn, and that horn is the
Area "B" evacuation horn. Due to the fact that the HCl operator and operations
are in near proximity and closely associated with the EC-VC operations, it is
well that HCl personnel be familiar with those plant sirens as well as the
plant evacuation warbler, For this reason a description of both the horns
is included in this manual.

There are two distinct emergency horns in the area, the plant or
Area "B" evacuation horn and the EC operating area siren.

The Area 'B" evacuation horn is a continuous warbling sound and may
be activated from the EDC or EC~VC control rooms, or the guardhouse. The
sounding of this horn will shut down all non-process equipment in area 'B"
and will cause all non-essential personnel to leave the area. Area "B" in-
cludes all areas west of Columbia-Southern Road. The Area "B" evacuation
horn should be sounded in case of a major break in EC, or if there is some

reason to expect a major break, or if there is a possibility that EC vapors
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will escape the operating area. Whenever the evacuation horn is sounded, the
guards should be notified of the nature of the emergency if at all possible.
If it is desired to evacuate the whole plant, the guards will have to be
notified and they will sound the plant evacuation. The guards are the only
people able to sound the all-clear.

The operating area siren is to evacuate all non-essential personnel
from the operating area and to have all arcing devices in the operating area
shut down. This siren is controlled by a switch on the panel board or by a
switch located near the bottoms Dopp kettle. The area siren should be used
in case of a minor spill or a possible spill.

It is well to keep in mind the extreme flammability of EC. Should
a spill occur, keep it from spreading if at all possible and eliminate all

sparking devices in the area. One of the best means to prevent spreading is

the use of the fire water system, use it and use it quickly. The arcing devices

can be eliminated by sounding the siren or evacuation alarm. Evaluate the
situation quickly, and act quicklé; it is much better to get someone wet or
evacuate them than to have a fire or an explosion.

When you are in the operating area and the siren blows or you are in
Area "B" and the warbler blows, see to it that all non-essential equipment
is shut down (trucks, hysters, welders, etc.) and if you are non-operating
personnel get out of the area. All operating personnel should go to their

respective control rooms, if possible,

FIRE PROTECTION

Flammables are present in the HCl plant in only a few locations. For
this reason the fire protection is minimal, All equipment and fixtures are
explosion proof, but this is to protect against corrosion. It is possible
to have some flammables in the vent as EC from the EC vent stream and Hz'from
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the absorbers is being continuously vented. The fire protection in the HC1
plant is provided in two ways, 002 and dry chemicals. The 002 extinguishers
are good for small fires or small electrical fires. The dry chemicals are
good for all fires, but leave a harmful residue on electrical equipment.

The only €O, extinguishers will be upstairs in the control room. There are
30# dry chemical units located throughout the unit with at least one ex-

tinguisher on each level.

CONTROL BUILDING

The control building is pressurized to prevent accumulation of any
vapors inside, Since it is a pressurized building, non-explosion proof
electrical equipment canbe used and smoking is permitted inside, The positive
pressure is maintained by a fan which draws its intake air across an activated
carbon filter. Should a major break occur, the filter would be unable to |
eliminate all contaminants, therefore the fan should be shut down. To prevent

any vapors from entering the building when the fan is off, instrument air

bleeds should be opened. (Do not bleed the air system down by taking too

much,) To prevent dust from accumulating in the control room, filter bags
are in the suction of the air conditioner. For any problems with the air

conditicner, notify the supervisor.

ELECTRICAL EQUIPMENT

The characteristic of HCl is such that the equipment used in the area
is classified as Class I, Group D, but the area is classifed as non-hazardous.
The higher classified equipment is used to protect against the corrosive
atmosphere present in the‘plant. The methods and materials of installation
are those recommended by Factory Insurance Association. In general, the in-
stallation is Class I, Group D, Division 2. Motoxrs are TEFC (Totally Enclosed

CONFIDENTIAL?
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Fan Cooled ), lighting is vapor-tight, and all arcing devices are explosion

proof with seal-offs.

RELAMPING AND RECEPTACLES

Vapor-tight fixtures are used in the process area. The relamping procedure
will be to first determine the lamps which need changing by turning on all
lights. Then, turn off all lights and relamp., To simplify this procedure,
circuit breakers for lights in the process area and control laboratory have
been grouped in the lighting panels., Globes and guards must be replaced after

relamping.

GROUNDING

Grounds for motors and other electrical devices are contained in the
conduit supplying the device and connected to the device frame intermally.
Motor change-~outs should be checked to see that the ground has been replaced.

Due to the tendency for hydrocarbons to build up a static electricity
charge as a result of movement of-agitation, a system of jumpers for pipe
flanges has been installed to provide metallic continuity of the piping systems
that contain flammable materials, All vessels are grounded at 2 points. The
result is a system of lines, tanks, and vessels operating at ground potential.
This will not prevent the generation of static charges but should provide adequate
leakage to ground to prevent the accumulation of dangerous charges and the re-
sulting spark.

The nearness of the radio transmitting station north of the process
area presents a problem in that metal objects will act as receivers of radio
frequency energy. It is not practically possible to prevent this effect.

It is known that the energy picked up will be amplified if the height of the
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object 1s a multiple of the transmitter wave length.

A particular hazard is created by the use of cranes with long booms.
Under certain conditions, depending on boom length and crane locatiom, it is
possible to pick up a voltage high enough to burn the person handling a load
that is suspended from the crane. This will occur even if the crane is
grounded. It is also conceivable that an arc would occur if the crane hooks
touch a grounded object. Particular attention should be paid to this problem
if the crane height is greater than 90°'.

It is obviously important that the grounding system be maintained
intact. This should be kept in mind when performing maintenance work on any

equipment in the EC plant.

TooLs
Special spark-proof tools are not required unless there are EC or

VC vapors present, or a possibility that EC or VC vapors will become present.

Check with operations prior to starting each job to determine the type of

tools needed.
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ORGANIC AREA SAFETY PERMIT

To be used to pass restricted equipment into the Organic Area

and to be endorsed for th use_ o such equipment in the
" Efhy] Chlavide™ ™" T
pate: /7 Maw éS:
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nroper safety equipment?
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Has adequate fire protection been

provided?

>

Ts presence of operator required?

Remarks:

, e second Fripl| [ - - .

If a siren or emergency hotn sounds, I am to turn off ‘ ‘

my equipment immediately and evacyate the area on foot. A\ ‘
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WELDING OR BURNING PERMIT
This permit, when signed, allows welding or burning at:

.pJ,a.LJ@.sjsTbZe.s'I'_mc_p_tduntcmlex__ 7 ‘m/ec/m
(Location) ¥
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GENERAL FIRE AND EXPLOSTION RULES

1.

3.

Personnel entering the organics area will deposit lighters, matches,
regular flashlights, etc. at the gate to this area, Safe flashlights
have a label showing MSA approved for flammable areas,
Anyone entering an operating area should first check with operating
personnel.
Smoking will be permitted only in the main control building (except the
laboratory) where permanent lighters are provided.
A vehicle permit signed by an operating supervisor will be required for
any vehicle to go into the chained-off roads. Vehicles may drive to the
control room to obtain passes, or do business there.
An equipment permit signed by the operating supervisor will be required
before the following equipment can be carried into the HCl area:

(a) Welding machine .

(b) Cutting torches.

(¢) Electrically-driven drills.

(d) Any electrical equipment except explosion~-proof flashlights.

(e) Gasoline engine driven equipment not previously covered,

(f) Lighters, blow-torches or any flame producing equipment.

(g) Grinders or chipping equipment,

(h) Sandblasting equipment.
Only explsion-proof flashlights will be permitted.
In case of an emergency warning (sirem or plant howler), all vehicles or
equipment that are in the area on permits will be shut off immediately,
and the occupants will evacuate the area immediately on foot,
Do not dump ethyl chloride or other flammables into openings such as
sewers or other underground cavities where harmful vapors could be
evolved.

Do not leave an open sample or container of a flammable material

setting around to give off vapors.
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All steam-out nozzles or hose and purge equipment must be properly
grounded to reduce the possibility of an arc from an accumulated

static charge.

Do not permit air to enter any of the process equipment that contains
flammable material,

Fire protection equipment is different. Know it well! Report all
damges immediately. Do not use the fire hoses for any other purpose.

It is intended that all personnel will obtain periodic refresher courses

on fire-fighting techniques.

GENERAL SAFETY RULES

1,

Pumps and Equipment -+ any pump or pieces of equipment that are removed
from the process stream must be thoroughly cleaned and inspected by a
foreman before they are permitted to leave the area for the main shop

or other work areas.

Regular plant utility hoses are not to be used for solvents because they
will become weakened and unsafe to use with pressure. Use the special

hose provided.

The laboratory hood fans are to operate continuously. Do not attempt to
run analyses without the fan being in service,.
Use Full-Face, Chemox or Scott Air-Pak masks for protection against HCI

vapors.

Do not permit chlorine to be heated above 300o F. as it will rapidly

corrode most metals at higher temperatures.

Clothing that has been wet with HC1l should be removed immediately and the

body thoroughly washed with soap and water.
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Clearing of Tanks and Process Vessels =-- The area supervisor and
maintenance supervisor will see that all vessels or tanks are cleaned
and checked with an explosion meter before declaring them suitable for

maintenance.

Clearing Procedure:

(a) The tank or vessel will be emptied of its contents and all
valves will be closed and tagged.
(b) The vapor contents of the tank will be purged with an inert gas.
(c) Blinds will be inserted in all connecting lines.
(d) Purge the equipment with plenty of air.
(e) The equipment will then be checked with an explosion meter before

work is begun. When a man is to enter the tank, it will first

be checked for sufficient 02. The apparatus for testing for

sufficient oxygen is either a flame or a special metering device.
These tests can be runm only by a supervisor.
(£f) safety belts and safety lines will be required in top exit tanks.
If the emergency warning sounds, all personnel not needed for control
purposes should walk upwind or crosswind if in fumes to a safe location
and remain there until the all-clear sounds. Those personnel required
for operation should remain on the job, while taking safety precautions
necessary to remain in the area.
Tagging -- Same as used throughout the plant. See General Section of

Production Department Manual.
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SPECIAL SAFETY EQUIPMENT

Stretchers Located inside control room
Two in control room

Chemox Masks
One at main gate

Three located in control room
One located in day tank area
Two in shipping building

Two at the main gate

Two at the clock area

Full Face Masks

(a) Two in control room

(b) One in supervisor's office

{c) One in HCl area

(d) One in TE catalyst building
One in EC catalyst building

Scott Air-~Pak

Cylinder Type with connecting

regulator, hose & mask (1) (a) In EC control room

The following is a run-down on the type situations for which each of the masks

will be used:
(a) Scott Air-Pak « This unit is good for any concentration of

gas and can be used for periods up to thirty (30) minutes.
The unit can be put on in a few seconds,and because of this
its primary use is for major gas breaks requiring quick

response to get valves closed or injured men out of con-

taminated areas. The point to remember with this unit is

that it has a life of only 30 minutes and when using it one

should not remain in a contamined area for a period of more than

THE SCOTT AIR-PAKS IN THE EDC AREA ONLY

20 minutes, NOTE:

ict Court

HAVE A 15-MINUTE LIFE,

Chemax ~ This unit is good for any concentration of gas and

can be used for periods up to one hour. It is a unit which

to Protective Order
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chemically generates breathing oxygen;and because of this,
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several minutes are required to get this unit operating pro-

perly. The primary advantage of this unit is its long life.
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is required to enter and remain in a contaminated area for

more than 45 minutes.

(c) Full Face All-Purpose - This unit is good for weak concen-

trations of gas. One can equip himself with this mask in a
few seconds. It should be used only in weakly-contaminated
area and for escape purposes,

(d) Cylinder Type with Connecting Regulator, Hose and Mask ~ These

units are good in any concentration of gas. They are to be used
in the event of gas being pulled into the control room, The
important point about using these units is to get the units

on before the room becomes excessively contaminated. Since

the control rooms are pressurized, contaminating gases can

enter only through the intake of the pressurizing unit. When
contamination is detected, the pressurizing unit should be

shut down and instrument air bleeds behind the panel board and

in the laboratory should be opened.
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CHEMICALS IN AREA

In the course of discussion of the HClplant, many abbreviations
are used. Since everyone is not necessarily familiar with a majority of

the chemicals used in Area "B," a quick review is listed:

CaCl, Calcium Chloride
Cla Chlorine
FeCl, Ferric Chloride
HC1 gas - Hydrogen Chloride
liquid - (mixed with water) - Hydrochloric Acid
Muriatic Aecid
H,80 Sulfuric Acid

4

Caustic, Sodium Hydroxide, Cell Liquor is about
107, NaOH

Nitrogen, Inert:
Oxygen
Hydrogen
Methane, Natural Gas
Ethylene
Ethane
Ethyl Chloride
Ethylene Dichloride (there are two EDC's, 1,1 & 1,2.)
Methyl Chloroform, 1,1,1~Trichloroethane
Perchloroethylene, Tetrachloroethylene
1,1,2-Trichloroethane
Trichloroethylene
vC Vinyl Chloride, Chloroethylene

vDC Vinylidene Chloride, 1,1 dichloroethylene

There are many more chemicals in the area, and if you need to know the

names or abbreviation, see the operating foreman.
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NAME: Caustic Soda (lye)
FORMULA: NaOH

MOLECULAR WEIGHT: 40.01

BOYLING POINT: 2532° F.

VAPOR PRESSURE: Normally a solid, but can be mixed with water to form a solution.
FREEZING POINT: 604° F.

HAZARDOUS PROPERTIES: When mixed with water, caustic soda will react violently,
splashing caustic solution on anyone nearby. Caustic soda in the form
of solid, flake or liquid attacks any tissue upon contact. The degree
of injury depends upon the extent and duration of contact, temperature
of the materials and concentration of the materials.

TREATMENT: Flush the contacted area immediately with an abundance of water.
Remove any clothing or equipment that has been saturated with caustic.
After thoroughly flushing the contacted area of the body with water,
report to First Aid for further treatment. FEyes should be irrigated
at once with plenty of warm water for at least 15 minutes anytime
caustic comes in contact with the eye.

CONFIDENTIAL:
Bubject to Protective Order
©f 1l4th Judicial Distrigt Conuxt
No. 91-1)1¢%




NAME: Cell Liquor

FORMULA: Aqueous solution of NaOH

HAZARDOUS PROPERTIES: Cell liquor is an aqueous solution of sodium hydroxide
(caustic) and salt and as such should be handled with the caution

given any caustic solution. This material has a markedly corrosive
action upon all body tissues, and skin contact may result in moderate

to severe chemical burns if the exposed surface is not washed im-
mediately. Eye contact is quite painful and can result in impairment

of vision.

Speed in removing cell liquor from contact with the body is
important to avoid injury. Removal of all contaminated clothing and
thorough washing of the exposed surface is essential. If the eyes
are involved, they should be irrigated at once with plenty of warm

water for 15 minutes, Call a physician.

TREATMENT:
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NAME: Chlorine (Cljp)

FORMULA: 012

MOLECULAR WEIGHT: 70.91

BOILING POINT: -30° F.

VAPOR PRESSURE @ 75° F.: 92 psig

FREEZING POINT: -148° F,

LIQUID DENSITY @ 77° F.: 11.6#/gal., 1.391 gm/ml

RELATIVE VAPOR DENSITY: 2.45(air= 1.0)

FLASH POINT: None

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWABLE CONC: 0.35 to 2 ppm

DETECTABLE ODOR CONC: 3.5 ppm

HAZARDOUS PROPERTIES: Liquid chlorine is very dangerous to the eyes as is
chlorine gas. High concentrations of chlorine gas can cause pneumonitis ,

and edema of the lungs. Lung irritation is one of the most serious
effects of chlorine.

TREATMENT: Remove patient from toxic area and loosen all constrictive clothing
about the neck. Oxygen should be administered in all cases to prevent
cyanosis and relieve the pain of deep respiratory effort. Notify a
physician.

Chlorine is about 2% times as heavy as air; therefore, it has a tendency to
collect in the low spots or stay near the ground.
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NAME: Ethane

FORMULA: CZH6

MOLECULAR WEIGHT: 30.07

- BOILING POINT: -128° F.

FREEZING POINT: ~277° F.

RELATIVE VAPOR DENSITY (air-1.0) 1.04

AUTOIGNITION: 950° F.

EXPLOSIVE LIMITS: 3-11%

ODOR: Odorless

HAZARDOUS PROPERTIES: EThane is a flammable gas. It is the main impurity
in the ethylene, and may reach high concentrations in the vent
streams, Ethane is a very dangerous explosion hazard upon exposure
to heat or flame. It can react vigorously with oxidizing materials.
Ethane is moderately toxic, but the slight effects disappear as soon
as the patient is removed from the exposure. The main danger with

CZH is asphyxiation. The ethane will displace the oxygen of the air ,
cauging the victim to suffocate,. ;

TREATMENT: Remove the patient from the contaminated area, perform artificial
respiration if breathing has stopped. Report to First Aid.
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NAME: Ethyl Chloride

FO : c
RMULA 02H5 1

MOLECULAR WEIGHT: 64,52
BOILING POINT: 54 F. (gas under normal conditions)

VAPOR PRESSURE @ 75 F.: 1130 mm

 FREEZING POINT: -228 F.

LIQUID DENSITY @ 68 F.: 0.893 SL 008971
RELATIVE VAPOR DENSITY (air= 1.0) 2,22

(o]
FLASH POINT: Open Cup -45 F. Closed Cup -58 F.

AUTOIGNITION: 96¥@° F, 9b&-0
EXPLOSIVE LIMITS: 3.6 - 12.0% CoMFLDENTI LY
MAXIMUM ALLOWABLE CONC,: 1000 ppm
ODOR: Pungenf

BAZARDOUS PROPERTIES: The liquid is harmful to the eyes, and if spilled on '
the skin will cause frostbite. The vapor gives some warning of its
presence because it is irritating, but it is possible to tolerate
exposure to it until one becomes unconscious., EC is the least
toxic of all the chlorinated hydrocarbons. It can cause narcosis,
but the effects are usually transient, Continued exposures may cause
some kidney deterioration, Inhalation of EC vapor in concentrations
of 1%(by volume) produces narcotic and anesthetic effects; concen-
trations of 4% or greater may produce deep or even fatal anesthesia.

Although EC is not extremely poisonous, any exposure is very dangerous,
because of the extreme flammability of the material., When EC is burned,
phosgene and HCl are formed, so never approach burning EC without a gas mask.

Any spill of EC will result in an explosive mixture being formed;and
because of the high density of the EC gas, the mixture will tend to stay near
the ground. It will take very little to explode EC vapors. Static electricity
spark, friction spark or an arcing device are all dangerous when EC is spilled.
TREATMENT: Remove the injured person from the contaminated area. If breathing

has stopped, perform artificial respiration., In any case make sure the

person injured is reported to First Aid immediately. If amy liquid enters
the eye, wash the eye continuously with a large amount of water for at

least 15 minutes. If at the end of 15 minutes eye damage is still apparent,
continue washing until the doctor arrives or gives new instructions,




NAME: Ethylene
FORMULA: H
14 CZ 4

MOLECULAR WEIGHT: 28,05

BOILING POINT: -155o F.

FREEZING POINT: -273° F,

RELATIVE VAPOR DENSITY: (air = 1.0) 0,98

AUTOIGNITION: 1009° F.

EXPLOSIVE LIMITS: 3-347

ODOR: Sweet

HAZARDOUS PROPERTIES: Ethylene is a flammable gas. 1t is avery dangerous
explosion hazard upon exposure to heat or flame. It can react
vigorously with oxidizing materials. Ethylene is moderately toxic,
but the slight effects disappear as soon as the patient is removed
from the exposure. The main danger with CH 1is asphyxiation, The

ethylene will displace the oxygen of the agr?causing the vietim to
suffocate. (See Methane treatment)

TREATMENT: Remove the patient from the area, perform artificial respiration if

breathing has stopped. Report to First Aid,
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NAME: Freon 11 (trichloromonafluoromethane)
— FORMULA: 0013F

MOLECULAR WEIGHI: 137,38

BOILING POINT: 74.7o F.

VAPOR PRESSURE @ 75 F.: -14.7 psia

LIQUID DENSITY @ 68° F.: 1.5

RELATIVE VAPOR DENSITY: (air = 1.0) 4.8

FLASH POINT: Nomne

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWABLE CONC,: 1000 ppm in air

HAZARDOUS PROPERTIES: Dangerous! When heated to decomposition, it emits
highly toxic fumes of phosgene, flourides and chlorides. Never
allow any open flames to come in contact with F-11 or any vessels

containing it. Never rush into an area where F-11 is burning or
might burn without a mask,
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NAME: Hydrogen

FORMULA: H,

MOLECULAR WEIGHT: 2,02

BOILING POINT: -423° F.

FREEZING POINT: -434° F.

RELATIVE VAPOR DENSITY: (air = 1.0) 0.069

AUTOIGNITION TEMP: 1085  F.
EXPLOSIVE LIMITS: 4-74%

HAZARDOUS PROPERTIES: Hydrogen is a flammable gas. As may be seen from the
explosive range, any concentration is highly dangerous when exposed
to heat or flame. Hydrogen gas itself is only slightly toxic, but
will displace the 0, in the air, causing suffocation. Symptoms will
be the same as Methane.

TREATMENT: Remove the patient from the contaminated area, perform artificial
respiration if breathing has stopped. Report to First Aid,
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NAME: Hydrogen Chloride
FORMULA: HC1
MOLECULAR WEIGHT: 36.47

BOILING POINT: -~121° F.
Q
VAPOR PRESSURE @ 75 F.: 36,000 mm

FREEZING POINT: -174° F.,

LIQUID DENSITY: Normally a gas

RELATIVE VAPOR DENSITY: 1,26 (air = 1.0)

FLASH POINT: None

EXPLOSIVE LIMITS: None

MAXTMUM ALLOWABLE CONC: 10 ppm for 8 hour working day

DETECTABLE ODOR CONC: Unknown

HAZARDOUS PROPERTIES: Anhydrous hydrogen chloride is a gas which has a |
corrosive action upon the skin or mucous membranes, In this form, :
it will cause rapid and severe burns. It is particularly dangerous
to the eyes. It is not flammable; however, the gas is highly soluble’
in water, forming hydrochloric acid, which attacks most metals with
the evolution of explosive hydrogen.

TREATMENT: Immediate removal from the toxic area and thorough flushing of
the patient's body and/or eyes with large quantities of water is of
primary importance. Contaminated clothing should be removed from
patient while he is being showered with water, It is essential that
all affected body surfaces be washed with copious quantities of water
for a sufficient time to remove all hydrochloric acid. No attempt .
should be made to neutralize the acid with alkaline solutions.
Medical assistance should be summoned at the earliest possible moment,
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NAME: Hydrochloric Acid, Muriatic Acid, Wet HC1

FORMULA: HC1
MOLECULAR WEIGHT: 36.47

BOILING POINT: 166° F. (32% HCl)

VAPOR PRESSURE @ 75 F.: 40 mm Hg.
FREEZING POINT: 12° F,

LIQUID DENSITY @ 68° F.: 1,159

EXPLOSIVE LIMITS: None

MAXIMUM ALLOWABLE CONC.: 10 ppm for 8 hr.

DETECTABLE ODOR CONC,: 3 ppm

HAZARDOUS PROPERTIES: Anhydrous hydrogen chloride is a gas which has a
corrosive action upon the skin or mucous membranes. In this form,
it will cause rapid and severe burns. It is particularly dangerous
to the eyes. It is not flammable; however, the gas is highly soluble
in water, forming hydrochloric acid, which attacks most metals with
the evolution of explosive hydrogen, ,

TREATMENT: Immediate removal from the toxic area and thorough flushing of
the patient's body and/or eyes with large quantities of water is of
primary importance. Contaminated clothing should be removed from
patient while he is being showered with water., It is essential that
all affected body surfaces be washed with copious quantities of water
for a sufficient time to remove all hydrochloric acid. No attempt
should be made to neutralize the acid with alkaline solutions.

Medical assistance should be summoned at the earliest possible moment.
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NAME: Nitrogen
FORMULA: N2
MOLECULAR WEIGHT: 28.02

PHYSTICAL APPEARANCE: Colorless, odorless, inert gas

'SPECIFIC GRAVITY: 1.0 with relation to air. (Air is 78% NZ)

HAZARDOUS PROPERTIES: Even though nitrogen is a very safe, inactive gas,
it has some inherent dangers since it is used so universally
throughout the plant. Its prime use is for padding and sweeping
of equipment that has, or has had, flammables in it. The hazard
involved is that a vessel may have insufficient oxygen or that
nitrogen is used to purge the vessel instead of air, before man-entry.

Therefore, in the HCl plant, every vessel that is entered not only
must first be checked for flammability, etc., it must also be checked
for sufficient oxygen. Not only that, nitrogen lines, as well as
other toxie lines, must be isolated from the vessel before entry and

a clean air sweep provided.

TREATMENT: Remove person from the oxygen deficient area. Administer
artificial respiration if necessary. See Methane for symptoms.
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NAME: Sulfuric Acid
FORMULA: H SO
2 4
MOLECULAR WEIGHT: 98.08
PHYSICAL APPEARANCE: Colorless to cloudy liquid

HAZARDOUS PROPERTIES: Highly corrosive to most metals, particularly at
concentrations below 75%. This reaction produces gas. At
concentrations above 75%, H SO4 may be handled in steel provided
the temperature is never grgater than 100° F.

Very reactive with water or organic materials with heat being
evolved.

Contact with the body produces a rapid destruction of the tissue.
The acid will continue to destroy the skin until it is washed off.
The destruction of the skin will result in a painful and slow-

healing burn.

PROTECTIVE EQUIPMENT: Use rubber gloves and face shields whenever working
with H;50,. Use a slicker suit whenever transferring acid, entering
thec shie&ded area around the HCl dryer, or where there is any danger

of an acid spill.

TREATMENT: Flush the contacted area with an abundance of water. Remove
any contaminated clothing or equipment, After thoroughly flushing
the affected area, report to First Aid for further treatment,
Treat for shock in case of.severe burns, 1f any of the acid has
been swallowed, do not induce vomiting; if the patient is conscious,
wash his mouth with water and feed him as much water as he can drink;
get medical help as quickly as possible.
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NAME: Vinyl Chloride (chloroethylene)

FORMULA: 02H3C1

MOLECULAR WEIGHT: 62.50

BOILING POINT: 8% F.

VAPOR PRESSURE @ 75° F. 2700 mm (gas under normal conditions.)
FREEZING POINT: -244° F,

LIQUID DENSITY @ 68° F.: 0.0908

RELATIVE VAPOR DENSIRY: (air = 1.0) 2.15

FLASH POINT: Open Cut -107°F. Closed Cup - 162 F.

EXPLOSIVE LIMITS: 4-22%
MAXIMUM ALLOWABLE CONC,: 500 ppm for 8 hours
ODOR: Faintly sweet (smells like phenol when inhibited)

HAZARDOUS PROPERTIES: Vinyl chloride is very much like Ethyl Chloride,
It is not very poisonous; it is extremely flammable and it has a
narcotic effect. Continued exposures may cause some kidney de-
terioration. Inhalation of vapors greater than 500 ppm may produce
a slight narcotic effect. At concentrations of 4% or greater,

VC vapors may produce a deep or fatal anesthesia.

The main danger with VC is the extreme flammability of the vapors.
VC when burning will form phosgene and HCl, so never approach a fire
without a gas mask. '

Any spill of VC will result in an explosive mixture being formed and
because of the high density of the VC gas, the mixture will tend to
stay near the ground., It will take very little to explode the VC
vapors, static electricity spark, friction spark or an arcing device
are all dangerous when VC is spilled.

TREATMENT: Remove the injured person from the contaminated area; if breathing
has stopped, perform artificial respiration, In any case, make sure
the person injured is reported to First Aid immediately. If any
liquid enters the eye, wash the eye continuously with a large amount
of water for at least 15 minutes; then get the person to First Aid.
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DRY HC1 PROCESS

Dry HCl is produced by the combustion of hydrogen and chlorine in
large graphite combustion chambers. H, and Cl2 are fed to the bottom of the

chamber, with the Cl_ flow kept proportional to the H, flow. The two gases

2
burn in the combustion chamber forming HCl. The HCl leaves the top of the
chamﬁer, flows through a 6" Karbate line, to the Primary Cooler. The gas
entering’the Primary Cooler generally runs about 400° ¥,, but it is dependent
-on fhe rate. The Primary Cooler is cooled by well water and should cool the
gases to about 100° F. ‘The cooling water leaves the Primary Cooler and flows
uniformly down the outside surface of the combustion chamber. The HCl gas
comes out the bottom of the Primary Cooler into a rubber-lined pipe which
carries it to the top of the Secondary Coolef. The Secondary Cooler is cooled
by refrigerated brine at 0° F. The HCl gas leaves the bottom of the Secondary
Cooler at about 40° F., goes through an entrainment separator and into the
bottom of a HZSO4 dryer. Sulfuric .acid is pumped from the bottom to the top
of the tower where it contacts the HCl gas by filtering down through a packed
section. The HCl gas leaves the top of the HZSO4 dryer and flows to #5 com=-
pressor., No, 5 compressor compresses the gas from a slight vacuum to about
55 psig. After compression, the gas is cooled by two parallel aftercoolers to
about 100o F. The aftercoolers are cooled with cooling tower water. From
the aftercoolers the HCl is sent through one of two meter runs to the under=
ground pipeline that goes to the consumer. The pressure on the customer line
is controlled by bleeding the excess HCl through a PCV to #2 Absorber Cooler.
Additional HCl may be added to the system by bleeding HCl gas from the Wet
System (#l1, 2, 3 compressor suction line) to the Dry System (suction line to
#5 compressor).

The dry system consists of 2 burners, 2 primary coolers, 2 secondary

coolers and 2 entrainment separators. From the entraimment separators, the

HCL from both burners goes through a common systeﬁ. No. 1 burner is used for




producing dry HCl only, but #2 burner may produce wet or dry HCl, For this
reason the Primary Cooler on #2 burner is an Absorber Cooler. The Absorber
Cooler may run as either an absorber, or by cutting the weak acid feed off

and changing a few valves, the absorber will serve as a primary cooler. All

condensate from the dry system is fed through sealpots to the sewer.

VAPORIZED CHLORINE SYSTEM

A. Equipment

1. Chlorine Vaporizer-62A-70-48 - The chlorine vaporizer is located
in Tri-Ethane and is a Type G with a capacity of 11,000#/hr. of
chlorine when 5 psig steam is used.

2. Chlorine Surge Drum=- 62A-60-419 - The chlorine surge drum is
36" OD x 5'0" tan to tan. The design pressure is 150 psi at 300°F.

The rupture disc is set to burst at 85 psig and the relief valve is
set for 115 psig.

B. Operation The chlorine vaporizer is operated by the Tri-Ethane(R)
operator because it is used to vaporize chlorine for the TCE reactor. Cardinal
rules for a vaporizer are: never put steam on a closed-up vaporizer énd
never make large changes to any controls on or around a vaporizer. The
vaporizer floats against the C12 supply line and its pressure is controlled
by the liquefaction operator, C12 is pumped from #7 or #8 C12 scale tank with
the majority of the Cl2 being recirculated back to the tank it is being pumped
from, By adjusting the valve in the recirculation line, the pressure of the
012 coming to Per-Tri, EDC, MC and HC1l is set. The liqqefaction lead operator
is the controller of the valve,and he must be notified any time rates are
changed on vaporized Clz. Failure to do so will result in surging and either
high or low pressure.

The PCV for the vaporized Cl to HCl is located in the MC plant, north

2
of the vaporizer and east of the MC PCV. The control of this valve comes
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from the HC1l board and it should be set at 25 psig. Whenever the block

valves around the PCV are open, a close watch on the pressure should be
maintained, as any leakage of the valve will cause the 012 Surge Drum to
overpressure and burst the rupture disc, The only way to prevent this is to
bleed the leaking Cl, into the burner through the FCV bypass. It is best to
remember that most valves in 012 service will leak through., Care should be
exercised in shutting down the plant, regardless of whether the shutdown is
automatic or manual, to see that the PCV is blocked off immediately.

In between the rupture disc and SRV is a bleed. This bleed must be
always open; if it is not, it is possible to over pressurize the C12 Surge

Drum, When Cl, is leaking out this opening, the rupture disc should be changed.

2
Once per shift this opening should be checked to assure that no corrosion pro-
ducts are plugging the opening.

Burner #2 may be run on gaseous Clz, but this should never be done
when the bumer product is going into the dry HCl system. The impurities in
the cell gas would cause the HCl fo be out of spec.

The 012 to each burner is flow controlled by a ratio controller that
will keep the Cl2 flow proportional to the H2 flow. In case of a system
failure, air to the 012 FCV will be cut off and the valve should close. The
Cly flows through a loop just before entering the burner nozzle. The purpose
of the loop is to prevent acid from draining from the bottom of the burmer

back to the FCV. The drain on the burner side of the loop should be checked

after a burner shutdown and while the burner is down for acid.
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H,_SYSTEM

2
A, Equipment
1. Hydrogen Surge Drum - 62A-60-420 - The H, Surge Drum is 36" OD by
5'0" tan to tan. The design pressure of“the vessel is full vacuum
to 75 psi. The rupture disc is set for 75 psig.
Hp Cooler - 624-71-517 ~ The hydrogen cooler is a 6 5/8" 0D ex-
changer with 26 8' tubes 3/4" OD 16 gauge. The material of
construction is steel for everything.
B. Operation - The hydrogen line to the HCl plant is a &' line that comes
from the top of the H2 scrubber in the cell area. The line has several low
spots in it that have float traps to remove moisture, These traps should be
checked regulrly, especially during cold weather, The H2 system has very
little extra capacity since the maximum pressure available is about 22 psig.
The booster compressor (to other Hy consumers) is set to cut off at about
10 psig. So any failures in the H2 system will result in a rapid pressure
loss to 10 psig, then the only consumer will be HCl so the pressure loss
below 10 psig will determine how much to cut back the burmer rates.
The Hy line runs down the main racks and enters the plant south of

the acid storage tanks. The H, system has a PCV and two meter runs at this

point. The PCV should be set to give H, Préssure to the burmers of about

20 psig. This pressure as well as the Cl2 pressure will affect the ratio

between the two gases, so care should be taken in changing the pressures on
the systems. The larger meter run should be used whenever more than two
burners at full rates are operating or the total hydrogen flow is greater than

500 SCFM, From the meter run, the H, flows through a surge drum and a cooler

2
to the individual burners. The purpose of the cooler is to keep the H, at a

fairly stable temperature for metering at each burner,
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The hydrogen flow to each burner is controlled by the burner pressure. The

burner pressure should be set to keep from -2" to +2" of H20 pressure. The
set pressure is maintained by increasing or decreasing the H, flow. The
H2 flow is measured and sent to a ratio controller. The ratio controller

keeps the Cl, flow to the burner in a preset ratio to the H2 flow, The

2
normal ratio is about 1,1 H, to Cly, but his will vary according to the
pressures and temperatures of the gases. The set ratio is the ratio that
gives 3% to 5% excess H, in the product HCl.

Located in each H2 system is a positive shutoff Maxon valve. This

valve will shut during any system failure,

SHUTDOWN SYSTEM

The shutdown system (Dwg. 62A~7703) for the Dry HCl plant is designed
to shut down burner #1 and/or burnexr #2. When the shutdown system is acti-
Gated, it will close the Maxon valve on the H, line, close the Cl, FCV,
shut down the compressor, and close the compressor recirculation valve.

The Maxon valve is a positive shutoff valve located in the Hy feed
system to each burner. It is possible to bypass this valve and it is bypassed

during start-up. AT NO OTHER TIME SHOULD THIS VALVE BE BYPASSED. The most

dangerous thing to happen around an HCl plant is to fill the system with H2
and human reflexes are not quick enough to close off a valve that is wide open.
The Maxon valve is spring loaded to close and is kept open by an engaging
solenoid.

The Cl2 PCV is designed to fail closed with a loss of air supply.
The shutdown system has a solenoid in the air supply that closes for system
failure. Most valves in Cl2 service gunk up, so in order to assure that no

Cl, is going through the burner, the block valves will have to be closed.
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The compressor recirculation valve will fail closed with loss of air
supply. There is a solenoid in the air supply to this valve; and with the
loss of both burners, the solenoid will close. Switch 5 will bypass this
feature, and it is generally closed. By running with switch 5 closed, loss
of both burmers will not cause the recirculation valve to close; but should
the compressor fail, the solenoid would cause the valve to close. Caution
should be used in running with both switch 5 and switch 6 closed as this
w ould allow the recirculation valve to stay open with compressor failure
and this would result in blowing the customer line pressure back through the
dryer, coolers and burners.

The compressor will be shut down anytime both burners fail unless
switch 7 is closed. Under normal conditions switch 7 will always be closed.

The shutdown system is activated by: a flame failure, low burner
pressure, high burner pressure, loss of cooling water, or loss of the compressor.
A failure of any of the first four_items will cause the affected burmer to
s hut down, and failure of the last item will cause both burners to shut down.
The shutdown system can be bypassed by timers, and individual parts of it
may be bypassed with switches. The reason for the bypass switches and timers
is that under different circumstances different items are of importance. ‘The
timers are for equipment checking and starting up. Periodically the burner
shutdown system should be checked to see what shutdown relays are bypassed
and these checked to see if it is necessary for these to be bypassed under
the conditions of operation at that time,

A flame failure is detected by a "Firetron'" photo-conductive cell,
which continuously monitors the flame, The fire-eye is located at ome of
the sight ports on the burner bottom, High and low burnmer pressure are
monitored, recorded and used to control the Hy flow. Cooling water for i#1
burner and primary cooler is monitored from the well water going into the

Nl
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cooler, In this line there is a no-flow switch which will close if the

flow drops to less than 50 GPM. The cooling water flow is monitored in two
spots for #2 burner. Cooling tower water flowing into Cooler Absorber #1

is monitored through a no-flow switch on the inlet as well as is the well
water flow to the top of burner #2, Both of these switches must have at
least 50 GPM and failure of either one will activate the shutdown system.

The compressor shutdown is located in the electrical system to the compressor
motor.

In case of an emergency shutdown in the HCl plant, the alarm on .the
panelboard will indicate the first one to fail, It will be the only one to
flash. When the board is acknowledged the others will flash., When it is
acknowledged again, all alarms will clear. The sequential alarm system applies
to flame, loss of cooling water, high or low burner pressures, or loss of the
compressor,

The timers that are on each burner system bypass flame failure and
high or low burner pressure. Thege timers may be set for up to 15 minutes
and are generally set for 7 minutes., Once they are set they cannot be re-
set again until time has run out, The system override timer will bypass
all safety shutdown relays including compressor failure. The system timer
may be set for 60 minutes but is generally set for 25 minutes. Switeh 1
when closed will prevent high or low burner pressure from shutting down
burner #1. Switch 2 when open is an isolation switch so that #1 burner
shutdowm system may be worked on and a ground in it will not shut down
burner #2, (When switch 2 is open, burner #1 must be shut down.)

Switch 3 bypasses high and low pressure shutdown for burner #2, Switch &
is an isolation switch for burner #2 shutdown system., Switch 5 when closed
will allow the HCl recirculation valve to operate with both burners down,

Switch 6 when closed will allow the burners to operate with
CONFIDENTIAL!
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the compressor down. Care must be used with switch 6, as with it closed

the recirculation valve will continue to operate with the compressor down.
Switeh—7 when—closed-will_ allew The—eompressor—to-—run-with-both—bureers—down,
§;¥f€hﬂ? is normally closed.

BURNER SYSTEM

A. Egquipment

1, HCl Burner - 62A-71-535 & 536 ~ The HC1l burners (combustion chambers)
are 33" chambers. They are constructed of 3" thick graphite rings
with each ring 3'3" OD and 5' 8 5/8" high. There are 4 full-sized
rings and a top ring that is 3' 8 5/8" high. The rings are stacked
on each other and all rest on a 4" thick “"Karbate" base, When the
sections are cemented together and set on the base, the over-all
height is 24' 3 1/8". The sections are cemented together with
National Carbon Cé cement and heat cured. The outside of the chambers
have a thin washcoat of impervious material to prevent water from
being absorbed through the burner walls., The top ring has a 4"
thick graphite plate resting on it, and on top of this a water dis-
tributor. When the distributor is filled with water, the weight of
the water, distributor and top will holdthe top on the burner until
a pressure of about 20" of Hy0 is reached. The top has a guide bar
so the top resets itself properly whenever it is lifted. The burner
has a hole in the bottom plate for the burner nozzle assembly, 2-4"
nozzles with quartz sight glasses located near the hottom, and a 3"
and a 6" nozzle near the top. The 3" nozzle is for burner pressure
and the 6 nozzle is the gas outlet.

2, Burner Nozzle Assembly -« The burner nozzle assembly is a National
Carbon size 8'"Karbate" impervious graphite with silica-coated caps.
The diameter of the holes in the caps is to be at least 13/15" and
they should be drilled to this diameter if they arrive with smaller
holes. The hydrogen feeds in the outermost ring and Cl2 in the
center.

B. Operation - Chlorine and hydrogen are fed separately through the Eurner
nozzle assembly. The two gases are mixed as they are ejected from the nozzle
into the burner. Once a flame is started the two gases will burn when they
are mixed. Located on one of the bottom sight glasses is a fire eye., The
purpose of the fire-eye is to continuously monitor the flame and anytime the

flame disappears the fire eye will activate the shutdown system for that burner.
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The burner must have some of the heat generated by the reaction dis-

sipated or the graphite walls will overheat, resulting in oxidation, cracking

and leakage. For this reason there is a no-flow switch in the well water line
going to each burner. Loss of well water flow will activate the shutdown
system for that bummer. The no-flow alarm on the well water is alarmed through
the no-flow light and alarm on the CTW flow to the absorber, Should the CTW
or the well water fail, it should be fairly obvious which one failed. If the
switches fail each one may be checked. The well water to each burner is dis=-
tributed at the top of the bummer through a water distributor. The water dis-
tributor causes the water to flow down the sides of the burner in an even
manner. Plexiglass is around the burner to prevent tﬁe wind from blowing the
water layer away and leaving the graphite with no cooling film, Care should
be taken in adjusting the well water flow to the burner to see that enough
water is used to provide a water layer over the outside of the burner from
top to bottom, This will require from 100 GPM to 200GPM, depending on the
burner rate, The water is collected at the bottom of the burner in a rubber-
lined pan and sent to the sewer. The bottom plate has grooves on its bottom
to allow some water to flow beneath it. If the grooves are allowed to pluz
up, the rubber lining will have no protection and will be destroyed. Another
problem with the cooling system will be algae. If the burner becomes coated
with algae, the cooling water will have little effect. As the algae appears
and gets thick enough to retard the heat transfer, it must be removed by

(a) heavy chlorination of #8 deep well water, (b) bubbling a few TPD of HC1 .
in the distribution crown (there is an HCl ring sparger for this purpose),

(c) put Pittabs in the distribution crown, (d) shut burner down and expose

it to sunlight, (e) physically scraping the burner. The best method is the

HC1 wash when excess HCl is available,
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After the H, and Cl2 burn,the HCl rises in the burner aﬁd leaves at
the top through a 6" Karbate line. This 1iné must be water-cooled also and
there are spray nozzles to keep it wet. The maximum recommended temperature
for "Karbate" is 338° F. This temperature refers to the body temp, not the
gas inside the pipe; i.e., a gas temp of 440° F. and water on the outside of
the pipe will give a "Karbate" temperature of about 310° F. The "Karbate"
risers have no water on them as it was felt that enough cooling will take
place in the vertical run, and the gases will not cause the "Karbate' risers
t o overheat, These risers should be checked fairly reguarly, especially at
high rates,

Near the top of the burner is a pressure transmitter. This pressure is
used to control the burner rates. The ideal operating pressure is =-2" of
HZO’ but the burner will operate anywhere in the range of =2" to +2" of H20.
When the burner pressure falls below the preset rate, the H2 flow wiil be in- )
creased and since the Cl2 flow is kept proportiomal to the H2 flow, the 012
flow is increased., The net result is an increase in HCl production. High and
low pressures may be used to shut down the burner also,

The burner nozzle assembly has a hole in the bottom of it., When the
burner is operating, this hole should have a plug in it, Whenever the burner
is down, this plug should be removed and air allowed to flow through the hole,
the burner and the jets for at least 5 minutes.

The nozzle assembly also has a U-tube in it, This tube is to drain the
condensate formed in the burner to the sewer. There should always be some
water in the U-tube to form a seal, Generally some additional water must be
added to keep the tube full. Caustion should be used around this condensate
as it is 367 muriatic acid.

The dry system has two identical burners, numbers 1 and 2,
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PRIMARY COQLERS

Ao Eg!iEEEnt

l. Primary Cooler #2 (62A~71-537) is a 14" OD shell with 42 '"Karbate"
tubes 7/8 ID x 12'0" long

2. Primary Cooler #2 (Cooler-absorber #1, 624-71-818) is a 14" OD
shell with 42 "Karbate" tubes 7/8 ID x 16'0" long. At the top of each
tube is a graphite weir that is used when the cooler is being used as

as absorber. At the bottom of the tubes is a seal pot to separate the
HC1 gas from the muriatic acid.

B. Operation

The primary coolers are used as vertical coolers with the cooling water
flowing up the shell side and HCl1 gas flowing down the tube side. There is
some difference between #1 and #2 Primary Coolers because #1 is used for
cooling HCl, while #2 is used as a cooler or as an absorber. Care must be
taken to see that Teflon weirs are never installed in cooler #2 as they will
melt when the cooler is being used as a primary cooler.

The water system used for cooling is different on each cooler, The water
for #1 Primary Cooler is well water and is discharged from the cooler to the
top of the burner where it is used to keep the burner walls wetted. The no-
flow switch is located on the inlet line to the cooler and loss of water will
activate the shutdown system, The flow required will be enough water to keep
the HC1 gas leaving at 100° F, The water flow is generally between 100 GPM
and 200 GPM  Enough water should always be used to have enough water to satisfy
burner requirements. Water on this exchanger as well as all other "Karbate"
exchangers should be throttled on the inlet side. All "Karbate" exchangers

have the globe valve located in the inlet side.

Cooler-absorber #1 is cooled with cooling tower water, The flow rate

required will be about 200 GPM and the HC1 gas out will run 110° F. Since

loss of cooling would damage the exchanger, the CTIW has a no-flow switch in
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it; Whenever coolfng water is lost, the shutdown system for that bumer
is activated. The well water gding to the burner has its own no~flow switch
hit is alarmed and tied into the shutdown system through the CTW no-flow,

Moisture that is in the HCl gas will condense as the gas is cooled.
This liquid is collected at the bottom of the cooler and sent to the sewer
through a seal pot. Do not‘attempt to run this condensate to the strong acid
storage.

The HC1 gas leaves the bottom of the Primary Coolers and flows through
a rubber-lined pipe to the top of the secondary cooler., When more than one
burner isbeing used to provide dry HCl, it is impossible to determine the ex-
cess Hy by the product stream analyzer., For this reason routine samples must
be run on each burner, There is a nozzle in the rubber-lined pipe for this
purpose. There are water aspirators lodated nearby to draw the sample., It
is possible to analyze #2 burner through the wet HCl analyzer, This analyzer
is manifolded from the tops of Cooler-Absorbers #1, 3, 4, and 5, but only one
can be analyzed at a time,

On #1 Cooler-Absorber, there is an air trap on the top tube sheet.
This trap is to make sure that cooling water is kept against the tube sheet.
Any gases generated or trapped will bleed out through the trap but the water

will not.

SECONDARY COOLERS

A, Eggigment
1. The Secondary Coolers (62A-71-540) are a 14" OD shell with 42 "Karbate”
finned tubes 7/8" ID x 12'0" long.

2, Mist Eliminator - The mist eliminators are 4" with "Karbate' internals.
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B. Operation

The secondary coolers are used as vertical coolers with chilled brine
flowing up the shell side and HCl gas flowing down the tube side. Too-rapid
cooling of HC1l will cause a fog to form and this results in high moisture
HCl. To prvent this from happening, the HCl gas leaving should never be
cooler than 35O F. Some variation of this temp will result because the gases
entering the cooler will be at different temperatures. Whenever high moisture
is indicated by high H2804 usage, start raising the exit gas temperature. The
exit gas temperature is controlled by throttling the brine into the cooler.

From the bottom of the cooler the gases flow through an entrainment
separator and into a rubber-lined pipe. From this pipe on,the gases from
#1 burner and #2 burner are common and go to the guard dryer. All condensate

‘from tﬁe secondary coolers and the entrainment separator is drained to the

sewer through a seal pot.

H
H,50, DRYING SYSTEM

A, Equipment

1. The H)S04 dryer (62A-73-43)is a 2' 10 5/8" OD vessle 20' high,

The dryer has 6' of 1%" Intalox saddles. The demister section has 1}

of 1%" saddles and a 6" Teflon demister. The vessel is protected from
pregssure by a floating head which is sealed with cell putty., The material
of construction is steel., The vessel has one sparger and no distributor.

2. Hp50, storage is a 3' diameter by 4'0" vessel that will hold 211
gallons with no outage. The vessel is constructed of 36" pipe.

3. H280, Pumps #3 & 4 (62A-55-443 & 443) are Worthington 1% CNG-62 with
a 6%" nickel impellers. The wet end of the pumps are constructed of
Worthite, The seals used in the pumps are John Crane type 20. The
pumps should deliver 25 GPM at 50' head. The motors are 3 HP, 1750 RPM,

B, Operation
The HC1 flows from the individual entrainment separator into a rubber-

lined pipe. The HCl flows from the rubber-lined pipe into the bottom of the
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out the top of the dryer into a steel line that goes to the compressor. The

H280 dryer. The gas then flows up through the packing, through the demister,

bottom 6' of the dryer is used as an acid reservoir. The acid is pumped
from the bottom of the dryer, through an acid heater and into the dryer,
above the 6' section but below the 1%' section, Tﬁe bottom of the acid dryer
is steam traced and there is a heater on the recirculation iine (double=-pipe
heat exchanger) which has hot water running to it to keep the acid from freezing.
The acid temperature should be kept between 70o F. and 950 F. Below 70o F.
the acid will freeze and above 95° F, the acid is extremely corrosive to
steel. The acid is changed whenever its strength gets below 90%.

Hot water for the heater is made by bleeding steam into the well water.
Adding steam directly to the heat exchanger causes a "hot spot' and therefore
rapid deterioration of the steel exchangers. The exchanger is a field -

constructed double pipe heat exchanger.

HC1 COMPRESSOR SYSTEM

A. Equipment

l. HCl Compressor 62A4~56=-127 is an Ingersoll-Rand ES-1-1L~2 with a

19" diameter and a 13" stroke. The compressor rumniny at 275 RPM is

to compress 55 TPD of HC1 from 13.7 psia to 64.3 psia. This will require
a 150 HP motor. The design pressure of the compressor is 70 psia., The
compressor had a capacity of 51 TPD at 275 RPM and the conditions of
operation. For this reason the compressor has a new sheave to give an
RPM of 291 and this gives a capacity of 55 TPD.

2. HCl Aftercooler 62A-71-542 & 559 - There are two Brown Fintube
size 317-000-420 with 180.9 ft.2 per unit |

B. Operation

The pressure(vacuum) of the compressor suction drum controls the rate at
which the HC1 plant operates. The suction pressure is kept constant by re-
circulating HC1 from the discharge line into the suction line, There is a
suction header and a discharge header that were field fabricated from extra

strong steel pipe. The headers serve to eliminate vibration from the compressor
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as well as to give some surge time for control, The discharge pressure of
the compressor is controlled by customer demand and by a PCV that sends
excess HCl to the scrubber or to #2 absorber. The compressor discharge
temperature should not be allowed to operate continuously above 340° F.

The compressor suction header pressure will vary accoxding to the rate

desired; i.e., 15" H, 0 vacuum will give a rate of about 28 TPD while 30"

2

H20 vacuum will give a rate of 54 TPD, The compressor recirculation valve
gets its impulse from the suction header and it will bleed enough HCl back
from the compressor discharge to maintain the preset pressure. The suction
drum pressure should never be allowed to get over 14,2 psia (10" HZO vacuum)

as this will overlad the compressor motor., Conversely, if the compressor is

allowed to go on a high vacuum, air can be sucked into the system and it can

form explosive mixtures either for us ( in large enough quantities), or

for the customer (in his vent from the plant),

The compressor discharge is controlled by a PCV in a line that
will send the excess HCl to the scrubber or to #2 absorber. A compressor
will discharge to any pressure set until it causes pipe failure, compressor
frame failure, motor overload, or a relief valve to go. It is for this reason
that the relief valve on the compressor as well as any PCV's in the compressor
discharge should be checked. Once every shift the PCV in the compressor dis-
charge is to be stroked.

It is possible when the customer demand is constant to adjust the plant
rates so no excess HCl is produced. This is possible because the customer
line is 11,000 ft. long, 6" schedule 40 pipe and this acts as a surge drum,
Line pressure should not be allowed to vary too much, When line pressure is
varying or the customer intends to change rates, a small amount of HCl should
be allowed to bleed through the PCV to #2 absorber, The PCV is designed so

the small valve opens before the large valve opens to give a smooth and
conrmm%:b otaer
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dependable performance. The meter run for the customer is arranged so
that the small orifice may be used when one burner is being used and the
large orifice used when two burners are in service,

All entrained material in the HCl to the compressor will be caught in
a strainer located in the compressor suction line just above the compressor,
When the pressure drop across the strainer becomes too great, it will have
to be changed out. The strainer can be bypassed for a short period of time.
There is a strainer in the line just before the meter run also,

The fintube exchangers are designed to give a gas temperature of 110° F.
for the meter run. The two Brown Fintubes are designed to run in parallel
and to run on cooling tower water,

When starting up, shutting down, or runmning the compressor with no HC1
available, the compressor is run on dry air. The air is fed intc the com-
pressor at its suction (below the HCl block valve) and is allong to recircu-
late and discharge to the vent scrubber. Enough air should be used to prevent
the compressor from running a hot discharge (2500 F.). The discharge pressure
should never be allowed to go below 25 psig as this causes unnecessary wear
on the wear shoe, When the compressor is shut down, a small purge of air
should be left on the compressor to prevent any moisture from entering.

NEVER START A COMPRESSOR WITH A CLOSED DISCHARGE LINE., Open the discharge

system through the scrubber, set the pressure at 25 psig, allow recirculation,
leave the suction valve closed, open the discharge to suction bypass, put

air into the suction line and start the compressor. After the compressor is
up to speed, close the discharge to suction bypass slowly, Adjust the air flow

to give the proper discharge temperature after the system is lined out.
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The first distance piece on the compressor is vented to the suction and

therefore requires no attention other than to be sure it is open. The second

distance piece is to have an air sweep leaving the top and bottom. Encugh
air should be used to sweep through both valves and have a 3 psig pressure

on the chamber.

HC1 SCRUBBER

A. Equipment

1., Scrubber 62A-60-421 - The HCl scrubber is a 3' OD by 10' rubber-
lined vessel. The scrubber has a water distributor and a caustic dis-
tributor at the top and it is packed with 3' of 1%" Intalox saddles.

2, Jets - The two steam jets are constructed of Haveg 41 and are size

3 FHA~14 designed to handle 300#;hr. at 26 mm Hgo absolute,

B. Operation

The vent scrubber is used in start-up and under upset conditions in
operations, Under normal circumstances the excess HCl produced over
customer demands will be sent through the customer line PCV to ::2 absorber.
This extra material may be sent to the scrubber if it is desired. The gaseous
feed to the scrubber is fed near the bottom and passes up through the packed
section where it contacts water and cell liquor, the inert gases leave the
top and are vented above the process platforms, The well water or the cell
liquor is fed into the top of the scrubber where it flows through a dis-
trihutor , through the packed section and out the bottom through a seal loop
to the sewer,
The water flow to the scrubber flows through a rotometer and through a
valve network. The valve network was used at one time to open the flow
whenever the PCV to the scrubber opened. This is no longer true, and the

water should be routed to bypass the solenoid.
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The cell liquor flow is adjusted by watching the pressure drop in

the line when the valve to the scrubber is opened. BEFORE USING ANY CELL

R
LIQUOR THE "TRLfETHANEg 6PERATOR 1S TO BE NOTIFIED, The TE operator will

notify the caustic lead operator if more than one pump is required. When
the cell liquor line is opened to the scrubber, some contact should be
‘maintained with the TE operator, because if HCl takes too much cell liquor
the VDC section will not be able to operate, The cell liquor is needed
whenever Cl, is going to the scrubber or when more HCl is going to the scrubber
than the water can handle,

During the start-up of any burner, a large amount of water and cell
liquor will be required, The two Haveg jets will be operating so the additional
load of steam condensation will be added to the scrubber, The two jets will te
used to sweep the burners before starting up the burner, to maintain burner
pressure when starting up, or to sweep a burner after a shutdown. The jets J
will handle a load of about 12 TPD and still give burner control, Any wear

in the jets will cause a large loss of capacity.

START~UP PROCEDURE - Assuming Both Burmers Are Down

The auxiliary equipment should be running and completely lined out;
i.e., refrigeration unit, brine circulation,jets, scrubber with water and cell
liquor, vaporizer, and pumps and tower, water on the primary cooler and the
burner, and the compressor running on air (unless one burner is in production).

Call the cell bridge and notify them you are going to start taking

more HZ.‘

Line up the following valves:
sL 008997

Clz - PCV and FCV - closed and blocked

H, - PCV and FCV - closed and blocked
(The PCV's are only closed if no other burners are in service)

Discharge of the Secondary Cooler - closed

Discharge of the Acid Tower to compressor suction - closed
(1f both burners are down) CONFIDENTIAL:
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Ball-valve to jets open,

Chec!: the H2 FCV with the manuél control, be sure it is seated (visual
check), bloek off the impulse to it and open the impulse to the air valve.
(This valve will bleed air into the jet suctionlto give pressure control.)
et the gain on the burner pressure up (,35—».5), put it on automatic and
set it to control -5" of HZO'

HC1 UNIT START-UP PROCEDURES

Start up Chlorine Flow
First put the Cl, PCV into service by having a man on Cly FCV bypass
bleed excess pressure into burner., With the PCV on manual and closed,
open block valves around PCV, If the valve leaks through, adjust
pressure to 25 psig with FCV bypass. Adjust to a chlorine flow of 30
on chart with the bypass. Set PCV on Automatic and make sure it is
controlling,

Check the stack to see if Cl, is being vented. If so, use more cell liquor.

Purge the H, flame arrestor with N
It should be enough flow to put the burner on a slight pressure when flowinz.
Do this 2 or 3 times for about 15 to 20 seconds each.

When Cl, has been purging for 5 minutes, light the lance. Open the appropriate
valves only (1 block and the %'"). Use only H,, get small HZ flow, point
the lance at shell, throw a match at the end. Adjust flame until a good
flame is present, DO NOT POINT on Epoxied base of Burner.

With a man at the observation nozzle and water flowing into the U-~tube, insert
the lance. Be sure that the flame is visible (lance may have to be moved
up or down). Allow the burner pressure to settle out. If you can't see
it at all, it is out; get H, flow off immediately. Wait 5 minutes before
trying to start up again,

With a man at the observation nozzle, have an operator slowly crack the 1" H
FCV bypass. The burner will light with a thump and a pressure fluctuation;
continue to slowly open the H, bypass until the H% flow is 25 on the chart.

f

The only reason to not bring the H, flow up is walfunctions; i.e., flame
failure or some indication on boarg, flame failure is by observation, not
alarm. In the event of anything unusual, pet H flow off immediately.

L

Have the operator increase the Cl, bypass flow to 35 then H, to 30, Cl, to 40,
H,, etc, until chlorine flow Is'55 or 60 and Hy is 5 less, Adjust at rate
s%ow enough that the burner pressure is controlled. Never allow H, to be
greater than Clz.
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Remove lance,
Slowly cut back on the H flow to the lance until the H, flow decreases
about 10; then increase % through FCV bypass about 10,” Continue to
do this until the H to tﬁe lance is off, Pull the lance, insert the
plug and allow the Bressures to line out,

Bypass the burner pressure shutdown system (switch 1 or 3).

Depress the safety override timer - this activates the C12 solenoid and the
Cl2 FCV may be operated.

Check the Cl, FCV out with the operator observing the valve movement,
Close the Cl, FCV with manual control.
Open upstream and downstream block valves one at a time, watching for leak-through.
Put the Cl, flow controller on automatic and adjust the set point to where
the valve barely opens. Probably the gain will have to be set to
«25 - .30. Slowly close FCV bypass.,
When valve is closed, put controller on cascade with ratio = 1.1 or 1.2.
Check to be sure the ratio controller is working and controller is
in cascade.
Open the block valve downstream of the H2 FCv,

Open the impulse to the H, FCV from the burner pressure.

Have the operator toslowly close the block valve in air system. Vhen it is
closed, seal off the air controller.

Slowly close the 1" H, FCV bypass.
You probably wil% have to adjust the gain to approximately .2 to stop
surging.

Open the Maxon valve.

Open the block valve to the Maxon valve; with somebody watching the H flow,
slowly close the Maxon valve bypass, 2

Follow A or B
A, 1If the other burner is not in operation, open the valve in the line
between the acid tower and the cowmpressor,

Have one man cut the air off to the compressor at the same time the
valve downstream of secondary cooler is slowly opened. The board
will have to be watched for the compressor suction pressure and to
make sure the rate increase is not too rapid.

Bring the C1, rates to = 120 - 140.
Slo&ly close off the ball valve to the jets.
Simultancously increase compressor suction to hold fairly constant rate.
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Slowly bring the burner to H, excess. Be sure to do this slowly and
never allow system to swing from Hz-%r 012 excess.

Put burner pressure shutdown back in service if needed.

Line out unit and cut off cell liquor, jets, etc.
Hotify HC1 consumers.

B. If other burner is in operation:

1, Switch burner pressure control to manual.

2. Slowly change the burner to anH, excess.

3. Sample through the aspirator se%-up and adjust the Hy excess
to approximately 3%.

4, Slowly open the valve downstream of the secondary cooler. The
ratio controller will have to be adjusted as rates increase,

5. Slowly close ball valve to jet system.

6. Put burner pressure shutdown back in service if needed.
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WET HC1 PROCESS

WET HC1 PROCESS DESCRIPTION

The wet HCl system is a process that will produce the same product
as the dry system produces., The end product and the raw material feed are
essentially the same for both processes. More dry HCl capacity was not added
because the wet system had many advantages that were desired at the present

time. Among these are ease of control, use of cell gas, some surge capacity,
and some reclaiming ability.

HC1 will form an.azeotrope with water at 207% acid, so the wet system
is designed to operate between the azeotrope and concentrated acid (36%). The
actual strong acid concentration will be 33% HC1 for economic reasons.

HCl is produced by burning Hz and Cl2 in graphite combustion chambers.
The feed system, the control system, and the burners are exactly the same as
is used in the dry system with one exception, the chlorine is not vaporized
Cly. Because inerts will cause no impurity problems in the wet system, cell
gas may be'used. Cell gas and Hz‘afe fed into the bottom of the burner, react
and the product HC1l is removed at the top through a 6" "Karbate" line into
the absorber-cooler. The gas should enter the top of the absorber-cooler
at about 400° F., because the "Karbate" line is water sprayed, and the burner

is water-cooled. The gas enters the top of the absorber, flows down the center

of the tubes and is absorbed by the weak acid flowing down the tube walls,

The heat of solution that is generated is removed by the cooling water flowing
through the shell side of the absorber-cooler. The strong acid is removed
from the bottom of the absorber-cooler through a seal pot and gravity flows
into a strong acid storage tank. The non-condensables, as well as some non=

absorbed HCl, leave the bottom of the absorber and are fed into the bottom
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of the tails tower. The gas flows up through the 1" pall rings contacting
weak acid that is flowing down through the packing. All non-condensables
are removed from the top of the tails tower by a steam jet, The steam and
the inerts are fed to the Tails Tower Vent Scrubber, where they are water
scrubbed and the inerts vented from a stack above the process platform, The
weak acid that is used for absorbing is pumped from the weak acid storage by
"Durcon' pumps and fed to the top of the tails towers through TCV's. The
temperature used for controlling the weak acid feed is the temperature of the
tails tower bottom. This temperature should run between 150° F. and 160° F,
From the bottom of the tails tower the weak acid is gravity fed to the top
of the absorber~cooler. The weak acid is fed to each tube in the absorbér-
cooler by a weir which causes the acid to spin down the walls of the tube.
From the strong acid tank, the muriatic acid is pumped to the top
of the stripper through a FCV, The strong acid flows through weirs down the
inside walls of the tubes in the stripper. Steam is fed to the shell side
of the stripper. When the strong acid 1is heated, HCl is liberated and flows
back up the middle of the tubes. The weak acid leaves the bottom of the
stripper through the bottoms cooler, a level control valve and into the weak
acid storage tanks., The HCl gas leaves the top of the stripper and flows to
the top of the primary cooler, The temperature of the gas leaving the top
of the stripper controls the stream flow to the étripper and should run about
210° F, at 14,2 psig. The gas flows down the tubes of the primary cooler and
1s cooled to about 110° F, by cooling tower water flowing up on the shell side.
The HC1 gas leaves the bottom of the primary cooler and enters the top of the
secondary cooler. The gas flows down the tube side of the secondary cooler,
frvetd e Todres e nfin
out the bhottom, thrbugh the entrainment separator and into the dryer. Brine

from the refrigeration unit at 0° F, is fed into the bottom of the shell side
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of the tertiary cooler, out the top and into the bottom of the shell side

of the secondary cooler, From the top of the secondary cooler the brine at
5° ¥, is fed to the refrigeration machine. All piping for the HCl gas is
‘Haveg until after the entrainment separator; it then becomes steel, The
stripper, primary cooler, secondary cooler, tertiary cooler and entrainment
separator are of '"Karbate' constructionon the acid side. The condensate from
the ¢ooling system is fed back to the top of the stripper., The condensate

is required for good stripper performance, There are two identical stripper
systems and the two product streams mix afta the entraimment separators.

From the stripper section, the gas is fed to the bottom of a H2304
dryer. The gases flow up the tower contacting 32304 acid that is flowing
down the packed tower, From the top of the sto4 dryer, the gas flows to the
compressors. The temperature of the gas entering the tower will be about
10° P. and it will warm to about 30o F.

The gas is compressed in the compressors from 14.5 psig to 125 psig
or from'gg psig to 160 psig, When fhe compressors are operating at the high
pressure, a distance ring will be required on the compressor. This distance
ring is already on the compressors. After compression, the gas is cooled to
110° F. and sent to the EC plant,

Some gas is removed from the compressor suction and pumped by #4
compressor to the MC plant. This gas is replaced in the suction line by HC1

from the TCE reactor.

The control system around the compressors merits some explanation,
Follow this discussion on figure 1, page 54 . In the HC1 plant there is
an oversized (60 TPD) absorber-cooler and its tails tower., This absorber is
to reclaim all vents from the HCl plant as well as the EC vent stream, For

this reason all PCV's in the HCl system vent to Absorber-Cooler #2. To keep
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the compressor suction pressure constant, there is a POV that recirculates
HC1 from the cémpressor discharge to the compressor suction. This valve will
handle 30 TPD. To prevent the compressor suction pressure Zrom going too
high, there is a PCV that will send the excess HCl to Absorber #2, This valve
has a capacity of 60 TPD. There is a rupture disc and a pressure switch that
further protects the stripper system from overpressurizing. To keep line
pressure to the EC plant constant, there is a PCV that will send HC1 to
Abhsorbexr #2, This PCV actually is 2 valves, one of which is small., The smal}
valve has an orifice in it so that rates may be adjusted upwards before the
consumers increase their consumption. The valves are arranged so that the
small valve opens first., These two valves have the capacity of 60 TPD,

Should something upset the system quick enough, it would be possible
to overload Absorber-Cooler #2. To prevent this from happening, the absorber
has a rupture disc that will burst., All rupture discs vent to the scrubber.

All piping in muriatic acid service is "Karbate" or Haveg. All

valves in Haveg service are glass-lined with Teflon diaphragms.

GASEOUS CHLORINE SYSTEM SL 009005

The gaseous 012 is a 10" line from the chlorine compressors in
liquefaction to the organics area. The 10" line goes to the EDC plant where
it reduced to a 8" line., The 8" line reduces at the EDC control building to
a 6" where there is a valve in the line. The 6" line continues down the east~
west pipe rack. A 4" line takes off the E-W rack and rums to the HCl plant.
The 012 line is insulated and steam traced to the EDC takeoff, From this point
on the line is only insulated.

The Cl2 should arrive in the HCl at a pressure of 40 psig. The Cl,
will be pressure reduced to 25 psig. After the PCV, the Cl, flows through
a double meter run, When the projected cell gas usage is for 2 burners, use
the smaller orifice run. If cell gas is to be used for more than 2 burners,
use the large orifice meter. CONFI1DENTIALS
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FProm the metering station the Cl2 goes to burners #2 3, & and 5.
Burner #2 may be fed with cell gas or with vaporized Clq. Never feed cell
gas to the burner when it is operating in the dry system.

In the Cl, feed system to each bumer is a FCV., This flow control
valve receives its impulse from a ratio controller. The ratio controlier

will keep the Cl, flow proportional to the H, flow. The ratio is set vo

2

control 3% to 57 excess H2 in the product gas. The Cl2 FCV is designed to

fail closed. Located in the air supply line to each Cl, FCV is a solenoid

that will close when the shutdown system is activated. When the solenoid closes

the air supply to the FCV the valve will close. Since the valve is in Clz
service, it is probable the valve will gunk up and stick. After any shutdown,
emergency or not, the valve should be blocked off to prevent any leakage.

 The Cl2 flows through & loop just before entering the burner nozzle, The
purpose of the loop is to prevent acid from draining from the bottom of the

burner back to the FCV, The drain on the burner side of the loop should be

checked after a burner shutdows, and while the burner is down, for acid.

H, SYSTRM

(The H, system for the wet HCl system is the same as the H, system

2
for the dry HCl system,)

A. Equipment

1. Hydrogen Surge Drum 62A-60-420 -« The H, Surge Drum is 36" OD x 5'0"
tan to tan. The design pressure of tha vegsel is full vacuum to
75 psl., The rupture disc is set for 75 psig.

H, Cooler 62A-71-517 - The hydrogen cooler is a & 5/8" 0D exchanger
with 26 8' tubes 3/4" OD 16 gauge. The material of construction
is steel for everything.
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B. - Operation

The hydr gen line t the HCl plant is a 4" line that comes from the top
, “of tﬁa Hy serubber in the ceil area, The line has several low spots in it
t_fhat“hlﬁe'float traﬁa to remove moisture, These traps should be checked
ftngﬁlarly,\aapecially dufing éold weather, The H2 system has very little
. extra capacity since ché maximm pressure available is about 22 psig. The
buoqter campreésor to othe: Hz gonsumers i8 set to cut off at'about lo‘psigs
So any failures in the Hy system will result in a rapid pressure loss to 10
‘psig, then the only consuer will be Hél. The présaure loss below 10 psig
~will determine how much to cut‘blck the bu?ner rates,

The H, line runs down the main rack and enters the plant south of

the acid storage tanks, The H, system has a PCV and two meter runs at this

. point., The PCV should be set to give Hz pressure to the bummers of about 20

psig. This pressure as‘well as the Cl2 pressure will affect the ratio

between‘the‘Qyo gases, Qo care ghould be taken in chanéing the‘pressures‘on
| the systems. - The larger meter run éhould be used whenever more than two burners
'vat full rates are operating or the total ﬁydroguﬁ flowvis greater than 500 |
 SCPM, From the meter Tun the B, flows through a surge drum and a cooler‘fo

,the individual burmers. The purpose of the cooler is to kegp the Hz at a

fairly sfabie temperature for metrering at each burner.

The hydrogen flow to eaéh bﬁrner is controlled by the bumer pressuré.\

The burner pressure should be set to keep from -2" to '+ 2" of HZO p‘reasure. |
The set pressure is maintained by increasing or decreasing the H2 flow., The

Hz fow is measured and sent to a ratio controller. The ratio controller keeps

the Cl, flow to the burner in a preset ratio to the Hy flow. The normal ratio

SL 009007 coNrIDEﬂ‘l‘zt‘{:,e Ordet

te
gubject to P;? pistrict Cowrt

57w dici
57= £ 14th Juﬂo_ 91-1145




35

ratio is about ++95 H2 to Clz, but this will vary according to the pressures
and temperatures of the gases. The set ratio is the ratio that gives 3% to
5% ecxcess H2 in the product HCl.

Located in each H, system is a positive shutoff Maxon valve. This

valve will shut during any system failure,

SHUTDOWN SYSTEM

The shutdown system (DWG. 62A-7703) for the wet HCl system is
designed to shut down burners 2, 3, 4 or 5, When the shutdown system is
activated, it will shut down the affected burner by closing the Maxon valve
on the H2 line, and by closing the solenoid valve in the air supply line to
the Cl, FCV, There is some discrepancy in this description corc erning #2
burner since it is used in both the wet and dry system. When burner #2 is
operating in the wet system, a thorough check of the bypass switches should
be made to ascertain that everything is protected and a failure in the dry
HC1 will not shut down the wet HCl or vice versa.

The Maxon valve is a positive shutoff valve located in the H,
feed system to each burner. It is possible to bypass this valve and it is

bypassed during start-up., AT NO OTHER TIME SHOULD THIS VALVE BE BYPASSED,

The most dangerous thing that can happen around anHCl plamt is to £fill the
system with H, and human reflexes are not quick enough to close off a valve
that is wide open. The Maxon valve is spring loaded to close and is kept open
by an engaging solenoid.

The Cl, FCV is designed to fail closed with a loss of air supply.
The shutdown system has & solenoid in the air supply that closes for system
failure, Most valves in 012 service gunk up, so in order to assure that no

Cl2 is going through the burner, the block valves will have to be closed.
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The shutdown system is activated by: a flame failure, low burner
pressure, high burner pressure or loss of cooling water. A failure of any
of the items will cause the affected burner to shut down. The shutdown
systems can be bypassed by timers, and individual parts of it may be by-
passed with switches, The reason for the bypass switches and timers is that
under different circumstances different items are of importance., The timers
are for equipment checking and starting up. Periodically the burner shutdown
system should be checked to see what shutdown relays are bypassed and these
checked to see if it is necessary for these to be bypassed under the conditions
of operation at that time,
A flame failure is detected by a "Firetron" photo-conductive cell,
which continuously monitors the flame, The fire-eye is located at one of
the gight ports on each burner bottom. High and low burner pressures are

monitored, recorded and used to control the Hp flow, The cooling water flow

is monitored in two spots. Cooling tower water flowing into each cooler-

absorber is monitored through a no-flow switch on the inlet as is the well
water flow to the top of each burnmer, Both of these switches must have at
least 50 GPM and failure of either one will activate the shutdowmn system.

In case of an emergency shutdown in the HCl plant, the alarm on
the panelboard will indicate the first one to fail, It will be the only one
to flash. When the board is acknowledged, the others will flash; when it is
acknowledged again, all alarms will clear, The sequential alarm system applies
to flame failure, loss of cooling water, or high or low burner pressure for
burners #1, 2, 3, 4, and 5.

The timers that are on each burner system bypass flame failure and
high or low burner pressure, These timers may be set for up to 15 minutes
and are generally set for 7 minutes. Once they are set they cannot be reset
again until time has run out. Switch 1 when closed will prevent high or low
burner pressure from shutting down the burner. Swtich 2 when open is an
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isolation switch so that the burner shutdown system may be worked on and
a ground in it will not shut down other burners. (When switch 2 is open,

the burner must be shut down)

BURNER SYSTEM

A, Equipment

1. HC1 Burner 62A~71-797, 798, and 799- The HCl burners (combustion
chambers) are 33" chambers. They are constructed of 3" thick
graphite rings with each ring 3'3" OD and 5' 8-5/8" high., There
are 4 full-sized rings and a top ring that is 3' 8-5/8" high. The
rings are stacked on each other and all pest on a 4" thick "Karbate"
base, When the sections are cemented together and set on the base,
the over-all height is 27' 3%", The sections are cemented together
with National Carbon C6 cement and heat cured. The outside of the
chambers have a think washcoat of impervious material to prevent water
from being absorbed through the burner walls, The top ring has a
4" thick graphite plate resting on it, and on top of this a water
distributor. When the distributor is filled with water, the weight
of the water, distributor and top will hold the top on the burner
until a pressure of about 20" of H,0 is reached., The top has a
guide bar so the top reseats itsel% properly whenever it is lifted.
The burner has a hole in the bottom plate for the burner nozzle
assembly, 2 4" nozzles with quartz sight glasses located near the
bottom, a 3" and a 6" nozzle near the top. The 3" nozzle is for
burner pressure and the 6" nozzle is the gas outlet.

Burner nozzle assembly. The burner nozzle assembly is a National
Carbon size 8 "Karbate' impervious graphite with silica-coated caps.
The diametex of the holes in the caps is to be at least 13/16" and
they should be drilled to this diameter if they arrive with smaller
holes, The hydrogen feeds in the outermost ring and Cl2 in the
center,

B, Operation

Chlorine and hydrogen are fed separately through the burner nozzle
assembly, The two zases are mixed as they are ejected from the nozzle into
the burner. Once a flame is started, the wo gases will burn when they are
mixed, Located on ome of the bottom sight glasses is a fire-eye. The purpose
of the fire-eye is to continuously monitor the flame and anytime the flame

d isappears the fire-eye will activate the shutdown system for that burner.
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The burner must have some of the heat generated by the reaction

dissipated or the graphite walls will overheat resulting in oxidation,

cracking and leakage, For this reason there is a no-flow switch in the well
water line going to each burner. Loss of well water flow will activate the
shutdown system for that burner. The no-flow alarm on the well water is alarmed
through the no~flow light and alarm on the CTW flow to each absorber. Should
the CTW or the well water fail, it should be fairly obvious which one failed.

If the switches fail, each one may be checked. The well water to each burner

is distributed at the top of the burner through a water distributor. The

water distributor causes the water to flow down the sides of the bummer in
an even manner. The burner is enclosed in a plexiglas; shield to prevent the
wind from blowing the water layer away and leaving the graphite with no cooling
film, Care should be taken in adjusting the well water flow to the burner

to see to it that enough water is used to provide a water layer over the out-
side of the burner from top to bottom., This will require from 100 GPM to

200 GPM,depending on the burner raté. The water is collected at the bottom

of the burner in a rubber-lined pan and sent to the sewer. The bottom plate
has grooves on its bottom to allow some water to flow beneath it., If the
grooves are allowed to plug up, the rubber lining will have no protection and
will be destroyed. Another problem with the cooling system will be algae.

1f the burner becomes coated with algae, the cooling water will have little
effect. As the algae appears and gets thick enough to retard the heat transfer,
it must be removed by (a) heavy chlorination of #8 deep well water, (b) bubbling ,
a few TPD of HCl in the distribution crown (there is an HCl ring sparger for
this purpose), (c¢) put Pittabs in the distribution crown, (d) shut burner
down and expose it to sunlight,(e) physically scraping the burner. The best

method is the HC1 wash when excess HCl is available.
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After the H2 and 012 burn, the HCl rises up the burner and leaves
at the top through a 6" Karbate line. This line must be water cooled also
and there are spray nozzles to keep it wet. The maximum recommended temperature
for "Karbate" is 338° F. Thig temperature refers to the body temperature
not the gas inside the pipe; i.e., gas temp of 4400 F. and water on the out-
side of the pipe will give a "Karbate" temperature of about 310o F. The
"Karbate' risers have no water on them as it was felt that enough cooling will
take place in theixﬁft;calxrun and the gases will not cause the "Karbate"
risers to overheat. These risers should be checked fairly regularly, especially
at high rates.

Near the top of the bumer is a pressure transmitter. This pressure
is used to control the burner rates. The ideal operating pressure is -2" of
H20, but the burner will operate anywhere in the range of =2" to +2" of H20.
When the burner pressure falls below the preset rate, the H2 flow will be
increased and since the 012 flow is képt proportional to the H2 flow, the Cl2
flow is increased. The net result 1? an increase in HC1 production, High and
low pressures may be used to shut down the burner also.

The burner nozzle assembly has a hole in the bottom of it; When the
turner 1is operating,this hole should have a plug in it., Whenever the burner
is down, this plug should be removed and air allowed to flow through the hole,

the burner and the jets for at least 5 minutes. The nozzle assembly also has
a U~-tube in it, This tube is to drain the condensate formed in the burner
to the sewer. There should always be some water in the U-tube to form a seal.

Generally, some additional water must be added to keep the tube full. Caution

should be used around this condensate as it is 35% muriactic acid.

The Wet system has 3 identical burner,‘numbers 3, 4 and 5., Number 2

burner may be used in either the %et or the dry system.,
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ABSORBER SYSTEM

A, Equipment

1. Absorber-Cooler 624-71-800, 801, and 802 - The absorber=-coolers
are 14" OD steel shelled vertical exchangers. There are 42 7/8"
ID tubes constructed of ''Karbate" which are 16' long. The shell
has 14 segmental baffles. Each tube has a 5-5/16" high Teflon
weir at the top. The gas baffle is "Karbate" and the liquid distributor
is Teflon, The design pressure of the tube side is 25 psig, of the
shell gide is 75 psig, both at a temperature of 338° F, The top tube
sheet is fixed while the bottom is floating.

Tails Towers 62A-67-24,25, and 26 - The tails towers are 12" ID x
10' long Haveg 41 vessels, The tower has 5' of 1" polypropylene
Pall Rings on top of 18" of 1%" carbon Raschig Rings. The packing
is supported on 12" diameter standard Haveg grid bars. The tower
is equipped with a liquid sparger and distributor at the top. Both
are constucted of Haveg.

Seal Pot - The seal pot is a National Carbon seal pot assembly for
series 31A-Absorber. The seal pot is constructed of "Karbate.'" The
top of the liquid leg has a %" Saran pipe plug. The sample cock on
the bottom is a CP2356-DA

Specific Gravity Indicator - The specific gravity indicator is

fabricated by National Carbon to fit on the side of the seal pot,
It is equipped with a TI and a 10-25 Baume' hydrometer.

5. Steam Jets ~ The steam jet -ejectors are Schultte and Koerting, 1%"
size 8, constructed of Haveg.

B. Operation

The absorber-cooler is a vertical shell-and-tube exchanger. The gas
to be absorbed enters the absorber through an inlet at the upper end of the
heat exchanger,flows through a baffle and into the center of the tubes, The
HCl1 gas flows down the tube and is absorbed by the weak acid flowing down the
tube walls, The heat of solution that is generated is removed by 200 GPM of
cooling tower water flowing up the shell side of the exchanger. The strong
acid is removed from the bottom of the absorber-cooler through a seal pot and

flows by gravity into the strong acid storage tank, On the side of the seal
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pot is a specific gravity indicator. The specific gravity is indicated in
° Baume' EoBe = 145 - 145 } The sp. gr. of the acid should be around 20° Be.
(The exact sp. gr. wiig.g:.determined by analysis since the sp. gr. varies
with the temp,)

The non-condensables, as well as about 30% of the total HC1l fed to
the absorber, will leave the bottom of the absorber and are fed into the
bottom of the tails towers, The tails towers are packed with 1" polypropylene
Pall Rings and 1%" carbon Raschig Rings. The packing support grids are ex-
actly 1" apart and the 1" Pall Rings will fall through if they line up right,
so a bed of 1%" carbon rings is used toisolate the Pall Rings from the grid.
The Pall Rings cannot be changed for 1%" as the design load for the towers
is based on 1" Pall Rings. Weak acid from storage is pumped to the top of the
tails tower through a TCV, a sparger and a distributor to the packing, where
it contacts the gas. As HCl is absorbed in the weak acid, the acid will become .
warmer due to the heat of solution., The temperature of the acid at the bottom
of the tower is used to control thenTCV that feeds acid to the tower. This
temperature should run between 150° F. and 160o F. The exact temperature will
be determined by analysis of the product acid. To make adjustments, a 10o F.
temp, change will change the product strength 1%. The temp will cycle about
10o F. per hour under stable conditions. Under optimum conditions, about 1/3
of the HCl fed to the absorber will be absorbed in the tails tower.

The non-condensables are removed from the top of the tails towers by

steam jet ejectors. From the steam jets the inerts plus the steam are fed to

the tails tower vent scrubber. The steam jets are sized to pull 131#/hr. at '

26 mm Hgo absolute. Since the capacity of the jets is constant, the only way

to vary the capacity is to artificially load the system, This is done by bleeding

N2 through a PCV into the suction line of the jets. The impulse point for the
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PCV is in the line that comes off the top of the tails tower.

The weak acid is gravity fed from the bottom of the tails tower to
the top of the absorber=-cooler. In the top of the absorber the acid flows
through a Teflon distributor (No, 1 absgorber-cooler does not have a distributor,
and therefore its capacity will be less than the others.) Each tube has a
5=5/16" high weir in the top of it. The weirs are constructed of Teflon in
all but #1 Absorber-Cooler which has gréphite weirs because of the high temper-
ature the weirs will reach when the absorber is being used as a cooler, The
Teflon weirs may be either white or black, as there is no difference in the
properties of the two except the black will machine easier. Each weir has
4 tangential V- notches cut in it so that the acid is "spun' down the tube
walls of the absorber, The strong acid is collected in the bottom of the ab-
sorber, flows through a seal pot, and gravity flows to a strong acid storage
tank.,

The absorber-cooler uses parallel flow of the gas and liquid for two
reasons., The first reason is that ﬁuch higher capacity is reglized because
higher velocities are possible. The second reason is that the hot gases entering
the top of the absorber provide a counter-flow to the cooling water. This allows
the strong acid to leave at a cooler temperature, Although the '"Karbate" is
impervious to most chemicals, it is oxidized by hypochlorus acid. For this
reason any free Cl, in the system should be held to an absolute minimum. The
top tube sheet must have cooling water held against it to prevent it from over-
heating. For this reason all air trapped or gases generated on the shell side
of the absorber must be removed. Coming out of the top shell flange is a %"

line that goes to an air trap. The air trap is a float type trap that will

allow gases to pass, but not liquid. As long as this trap is operating, the

-

top tube sheet should not overheat.
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The gas baffle located in the top of the absorber is a 'Karbare' plate
that serves to distribute the gas over the full diameter of the absorber by
means of holes drilled in the plate. The liquid distributor is a Teflon sheet
that forms a circle around all the weirs. All liquid, in order to reach the

weirs, must flow through holes in the Teflon distributor, In this manner the

0
acid is fed from 360 ., This arrangement of baffles and distribution will allow

each tube to handle a maximum of 1 GPM,

Attached to the weak acid feed line to each tails tower is a well
water line and a rotameter. This line is used to add water to the system.
Under normal circumstances the HCl system will require no water to be added.
Should any muriactic acid be sold, leak from the system, or be transferred
from the system for any other reason, water will have to be added to make up
for it.

The wet HC1l plant will use the big jets at the dry HCl scrubber for
starting up., The burner pressure controllers on burners 3, 4, and 5 may be
switched so that their Impulse is sént to a PCV that will bleed ﬁfr into the
jet suction., Attached to the gas riser between the absorber and t;; tails
tower is a 3" line that ties into the jets suction, The jets may be used to
start up one burner at a time. Both jets will be required as the steam supply
has been changed from 125 psig to 75 psig.

At the top of the gas riser, between the burner and the absorber, is a

piping takeoff for the H_  analyzer. There is one analyzer for burners92, 3,

2
4 and 5., A sample line runs from each riser to the analyzer and by correct
valving, the gas from a burner may be sent through the analyzer., Only one
stream can be sampled at a time and the valve switching should be done at the
riser or else the line will fill with condensate. The sample is drawn through
the analyzer by a water aspirator.
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START-UF PROCEDURE

The start-up procedure for the wet HCl burners is very much similar to the
start-up procedure required for the dry burner. The burners will be
started up by using the dry HCl jets,

The auxiliary equipment should be running and lined out. They include: dry
HC1 jets, scrubber with water and cell liquor, water on the absorber-
cooler and water on the burner. Before any cell liquor is used, be
sure and notify the MC operator,

Line up the following (it is assumed that other burners are operating):
Cly FCV - closed and blocked
Hy FCV - closed and blocked
Weak acid feed to tails tower closed and blocked.
Strong acid discharge from the absorber is closed,
Valve to jets is open.

Call the cell bridge and notify them you are going to start taking more H,.

Check the H, FCV with the manual control, be sure it is seated (visual check),
block off the impulse to it and open the impulse to the air valve.
(This valve will bleed air into the jet suction to give pressure
control.) Set the gain on the burner pressure up (.35—>.5), put
it on automatic and set it to control =5" of HZO'

Start up Chlorine Flow
Adjust a chlorine flow of 30 on chart with the Clp FCV bypass.

Check the stack to see if Cl2 is being vented. 1If so, use more cell liquor.

Purge the H, flame arrestor with N
It should be enough flow t% put the burner on a slight pressure when
flowing. Do this 2 or 3 times for about 15 to 20 seconds each.

When Cl, has been purging for 5 minutes, light the lance. Open the appropriate
valves only (1 block and the %"), Use only H,, get a small H flow,
point the lance at the shell, throw a match at the end, Adjugt the
flame until a good flame is present. Do Not Point on Epoxied base of
burner.

With a man at the observation nozzle and water flowing into the U~tube, insert
the lance. Be sure that the flame is visible (lance may have to be
moved up or down). Allow the burner pressure to settle out, If you
can't see it at all it is out; get H flow off immediately. Wait 5
minutes. “

With a man at the observation nozzle, have an operator glowly crack the 1" H
FCV bypass. Burner will light with a thump and a pressure fluctuatign,
continue to slowly open the H, bypass until the flow is 25 on the
chart, The only reason to not bring the H, flow up is malfunctions:
i.e., flame failure or some indication on board, flame failure is by
observation, not alarm, In the event of anything unusual, get H2
flow off immediately,
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Have the operator increase the Cl, bypass flow to 35 then H_ to 30, Cl, to 40,
H , etc. until chlorine ffow is 55 or 60 and H_ is 5 less. Adﬁust
at rate slow enough that the burner pressure 1¢ controlled. Never
allow H, to be greater than Cl,.

Remove Lance.
Slowly cut back on the H_ flow to the lance until H_ flow decreases
about 10 then increase H2 through FCV bypass about %0. Continue to
do this until the H_ to the lance is off. Pull the lance, insert the
plug and allow the firessures to line out.

Close switch 1 on the respective burner.

Depress the safety override timer - this activates the Clz solenoid and the
C12 FCV may be operated.

Check the Cly, FCV out with the operator observing the valve movement.
Close the Cl, FCV with manual control.

Open upstream and dowvmstream block valves one at a time, watching for leak
through.

Put the Cl, flow controller on automatic and adjust the set point to where
the valve barely opens. Probably the gain will have to be set to
.25——2>,30. Slowly close FCV bypass,

When valve is closed, put controller on cascade with ratio = 1.05. Check
to be sure the ratio controller is working and controller is in
cascade. .

Open the block valve downstream of the H2 FCv.
Open the impulse to the HZ FCV from the burner pressure,

Have the operator to slowly close the block valve in air system, When it is
closed, seal off the air controller.

Slowly close the 1" H, FCV bypass.
You probably will have to adjust the gain to approximately .2 to stop
surging.

Open the Maxon valve.

Open the block valve to the Maxon valve; with somebody watching the H flow,
slowly close the Maxon valve bypass. 2

Switch the Hz analyzer to the burmer that is being started up.
Slowly bring the burner to a H_ excess, Be sure to do this slowly and never

allow the burner to sw?ng from H, to Cl, excess, When finished, the
2 2
analyzer should show about 3% HZ'
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Start up the tails tower.

Start up the tails tower jet, line up and put on automatic control and slowly
lower to -2" H,0.

Open the valve at the bottom of the absorber to the strong acid lime.

With the weak acid feed valve on manual control and closed, open the block
valves around it.

Slowly open the weak acid feed valve to the tails towers. Increase the
flow very slowly to about 12 GPM, At this point the burner should
be operating at about 607% capacity. Slowly close off the lime to
the jets, never allowing the burner rates to go below 1/3 of capacity.
Rates are hcreased by increasing the weak acid flow.

Shut down the dry HCl jets and scrubber.

Allow the tails tower to come to operating temperature, put it on automatic
control,

STRIPPER SYSTEM

A, Egquipment

1. Strippers 62A~710803 and 804 - The strippers are 38" OD steel shelled
vertical exchangers. There are 439 7/8" ID tubes constructed of
"Karbate" which are 16' long. Each tube has a 5-5/16" high Teflomn
weir at the top. The liquid distributor is Teflon. The design
pressure of the tube side is 40 psig, of the shell side is 75 psig,
both at a temperature of 338° F, The top tube sheet is fixed while
the bottom tube sheet is floating.

Stripper Bottoms Cooler 624-71~811 and 812 = The bottoms coolers

are 16" OD steel shelled horizontal exchangers. There are 64 7/8" ID
tubes constructed of '"Karbate' which are 14' long. The tube side is

7 pass, designed for 75 psig at 3380 F,The shell side has 18 segmental,
top to bottom, baffles and it is designed for 75 psig at 338° F. The
tube sheet at the acid inlet is fixed, the other tube sheet is floating.

Stripper Feed Pumps 62A-55-862, 863, 864 = The stripper feed and
absorber feed pumps are "Durcon" 2 x 2P-10. The pumps are to pump

120 GPM at 118' head. The wet end of the pumps are Durcon which is

an epoxy resin; the shafts are Superchlor. The motors are 15 HP, 1800
RPM, The seals are John Crane, type 20,

B. Operation
The stripper feed pump pulls strong acid from the storage tank and
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pumps it through a magnetic flow meter into the top of the stripper. The
maximum feed to each stripper is 60 GPM. The strong acid flows through the
weirs down the inside walls of the tubes in the stripper. Steam which is on
the shell side heats the acid as it falls down the tubes and drives off the
HCl, Weak acid (20% HCl1l) leaves the bottom of the stripper through the
bottoms cooler, through a level control valve and to the weak acid storage.
The bottoms cooler will require about 300 GPM of cooling tower water to cool
the acid to 1100 F. Extreme caution must be used to be sure that hot acid
never enters the storage tank, as it will cause failure in the glass lining
of the tank.

HC1 gas that leaves the acid as it is heated flows back up the tubes
of the stripper and out the top, From the top of the stripper the gas flows
through three stages of cooling. The condensate acid from each cooler is
collected and sent back to the top of the stripper, The condensate has an
effect on the over-all efficieney of the stripper.

The stripper rate is controlled by the feed rate of strong acid; this
ig flow controlled, The steam flow to the strippers is temperature controlled
by the temperature of the gas out the top of the stripper. The control temper-
ature will be determined by the operating pressure and the operating pressure
depends on the EC reactor pressure. The stripper system will operate at 14.5
psig to begin with, At this pressure the overhead temperature will be con-
trolled at 210o F. The bottom temperature of the stripper will be 255° F.
The steam used in the strippers is 75 psig, desuperheated steam. Do not,

under any circumstances, use steam that has not been desuperheated, The

(s}
maximum temperature allowable on the '"Karbate' is 338 F., Saturated 75 psig

steam temperature is 320° F.
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On the steam to No. 1 stripper is an automatic shutdown control.
The shutdown control will stop the steam flowing to No,l stripper. The
control is a solenoid in the air supply line to the steam TCV, so when the
solenoid closes the air supply to the valve is cutoff and the valve closes,
This shutdown system is used to cut rates in the HCl plant, should a con-
sumer or a compressor kick off. The PCV's in the HCl system will handle an
emergency shutdown if just one stripper is in service, but if two are in
service, then some rupture discs would have to blow, venting HC1 to the
scrubbers., The pressure switches are located in the discharge of the entrain-
ment gseparators and in the compressor discharge line. The pressure switch

in the entraimment separator discharge line is set for 20 psig, while the one

in the compressor discharge line is set for 130 psig. It is well to remember
that Absorber-Cooler #2 will handle the capacity of one stripper and that all
PCV's in the HCl system feed the excess HCl to this absorber. The strippers
and coolers are protected by a rupture disc in a line going to the dry HCl
scrubber. The rupture discs are located just after the tertiary coolers and
are set for 40 psig.

There are two strippers, both just alike,
START-UP

Put cooling water on the primary and the bottoms coolers, put brine
on the secondary and the tertiary coélers, put the steam TCV on manual control
and closed, put the stripper bottoms LCV on automatic, be sure the lines are
open to the dryer, have the dryer in service, and a compressor on. The strippers
can be started up with the compressors down by sending HCl through the suction
line PCV to Absorber #2, 1In any case Absorber-Cooler #2 must be in service

prior to starting the strippers up.
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After all of the auxiliary equipment is up and lined out, start
strong acid feed to the stripper. Be sure the stripper LCV is working, then
increase the acid feed to about 20 GPM. Open the steam to the stripper very
slowly and continue to increase the steam until the top temperature reaches
operating temperature., If the top temperature starts to fall as the steam
is increased and the feed has not increased, then cut back on the steam as
too much water is going overhead. When operating temperature is reached,
check the stripper bottoms strength and adjust the top temperature to get
21% HC1l in the bottom stream, When the stripper is lined out on automatic

control, then increase the feed rates to the desired HCl production.

PRIMARY COOLER

A, Eguipment

1. Primary Coolers 62A-71-805 and 806 are 18" OD steel shelled vertical
coolers. There are 85 7/8" ID tubes constructed of "Karbate' which
are 16'0" long. The shell has 20 segmental baffles., The top tube
sheet is fixed and bottom tube sheet is floating. The design pressure
of the shell side is 75 psig and of the tube side is 40 psig, both
at 338° F,

B. Operation

o
The primary cooler cools the HCl from the stripper from 210 ¥. to

o
110 F, with cooling tower water, The HCl enters the top of the tube side

and leaves the bottom. The water enters the bottom of the shell side at

the rate of 200 GPM and leaves at the top. Some moisture will be condensed
from the HCl. This strong acid leaves the bottom of the cooler and flows back
to the stripper. There is a bulls-eye in the condensate line so the amount

of condensate may be observed. When the condensate flow is high, it means

too much water is coming over with the HCl (the stripper control temperature
is too high) or one of the tubes has developed a leak. The bulls-eye should
be checked on every outside round.

Each stripper has one primary cooler.
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SECONDARY COOLERS

A, Equipment

1, The secondary coolers 624-71-807 and 809 are 18" 0D steel shelled
vertical coolers, There are 85 7/8" ID tubes constructed of
"Karbate' which are 16' long. The shell has 20 segmental baffles.
The top tube sheet is fixed and the bottom tube sheet is floating.
The desipn pressure of the shell side is 75 psig and of the tube
side is 40 psig, both at 338° F,

B. Operation

The secondary cooler cools the HCl from 110° F. to 40° F, The HC1
leaves the bottom of the primary and is fed into the top of the secondary,
where it flows down the tubes and out the bottom, Brine is fed into the
bottom and out the top of the shell side. The brine rate will be about 100
GPM, The secondary cooler has a bulls-eye in the condensate line so the
condensate rate as well as any tube leakage may be observed., Any high con=-
densate rate should be accompanied by a high feed temperature, The rate of
cooling the HCl gas is extremely important, as a high cooling rate will cause
fog to form and consequently high moisture. For this reason the gas from the
secondary should never be cooler than 35° F. and should operate around 400 F.

The brine system is set up so that the secondary and the tertiary
coolers are in series. The brine enters the tertiary, leaves it and enters
the secondary before returning to the refrigeration machine. If running
the brine in this manner creates an unbalance in the two exchangers (i.e.,
in order to hold the 400 F, discharge of the secondary, the final gas must
be 200 F.), then the brine may be valved so that (a) more brine is fed to the
tertiary than the secondary, (b) vice versa, and (¢) the two exchangers are
fun in parallel.

The brine out of the secondary cooler flows through a pH meter. The
pH meter will sound an alarm if the pH should fall indicating a tube failure
in the coolers, Should one of the pH meters indicate a low pH, shut down and
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 isolate the system immediately, check the brine pH in the lahoratory and
drain the brine out of the system if the pH is actually low. The high acid
in the brine will destroy the refrigeration system, Each pH meter has a
recorder but the alarm is common, Only a small amount of the total brine is
routed through the meter, so open the lines through the meter and throttle
the valve in the main brinme line until the brine flowing through the meter
is about 3/4 the line capacity as observed through a bulls-eye.

Each stripper has one secondary cooler.

TERTIARY COOLERS

A. Eguipment
1, Tertiary Cooles 624-71-808 and 810 are 18" OD steel shelled vertical
coolers., There are 85 7/8" ID finned tubes constructed of "Karbate"
which are 16' long., The shell has 20 segmental baffles, The top tube
sheet is fixed and the bottom tube sheet is floating. The design
pressure of the shell side is 75 psig and of the tube side is 40 psig,
both at 338° F.

2. Entrainment Separator - The entrainment separators are National Carbon's
size #8. They are constructed of"Karbate" internally,

B. Operation

The tertiary coolers cool the HCl from 400 F, to 10o F., The HCl
leaves the bottom of the secondary and is fed into the top of the tertiary,
where it flows down the tubes and out the bottom., From the tertiary the HC1
flows through an entrainment separator, a block valve, and into a steel line
where it joins the HC1 from the other stripper system, The tertiary cooler
has a bulls=-eye in the condensate line, so the condensate rate as well as
any tube leakage may be observed., All condensate from the entrainment separator

is drained back to the stripper.
0
Enough brine should be used to get 10 ¥, HCl., (See brine write=-up

under the secondary cooler.)
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ABSORBER-COOLER #2 AND THE HC1 CONTROL SYSTEM

A, Equipment

1. Absorber=Cooler #2 (624=-71-817) is anl8" OD steel shelled vertical
exchanger, There are 85 7/8" ID tubes constructed of "Karbate"
which are 16' long. This absorber-cooler is exactly like all of
the others except larger,

2. Tails Tower #2 (62A-67-23) - This tails tower is 15" ID x 10' long
and isexactly like the other tails towers except it is larger.

B. Operation

This absorber is used to absorb all HC1l that would normally have
to be vented. The absorber-cooler has twice the capacity of any of the other
absorbers. Weak acid is fed to the top of the tails tower at the rate of 60
GPM and after flowing through the absorber the liquid is sent back to the weak
acid storage. If strong enough acid is being made in Absorber~Cooler #2, then
the bottom product may be sent to strong acid storage., Under normal circum-
stances only a small amount of HCl will be fed to the absorber, but should
an emergency occur, up to 60 TPD could be fed. The absorber is protected from
over-pressurization by a rupture diéc located in the feed line to the absorber.
The rupture disc is set for T? psig and it will vent to the tails tower vent
scrubber,

Whenever the HCl strippers dry HCl system, or the EC plant are in
operation, Absorber-Cooler #2 should be., The vent HCl from the EC plant is
normally fed to the absorber as is the excess HC1 produced in the dry system,
The wet system is designed so a little HCl is always being vented to the
absorber; but should an HC1l consumer shut down or the compressors shut down,
up to 60 TPD could be sent to the absorber,

The PCV 's that feed Absorber-Cooler #2 are:

1. The customer line pressure control valve in the dry plant. Under normal
circumstances, this valve will have very little flowing through it,

If the customer suddenly shuts down, up to 60 TPD could flow through

it. This line can be blocked off and the excess HCl sent to the
scrubber, The upstream pressure on this valve is 45 psig.

2. The vent stream from the EC plant, This stream will generally run
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about 7 TPD, The stream will have some EC in it and it may be
diverted to a scrubber in the EC plant. The upstream pressure on
this valve is 50 psig.

Compressor suction line. The compressor suction line pressure is
maintained by a recirculation valve that recirculates enough HCl
from the compressor discharge to keep the suction pressure constant.
Should the suction line over pressure, then a PCV will open to #2
Absorber-Cooler, This valve will be set for 20 psig at first., 1If
the stripper pressure is raised, then this set point will be raised
to 38 psig. This valve will pass up to 60 TPD, If both strippers
are operating, No.l stripper will shut down at the same time this
valve opens.

Compressor discharge line. This PCV is really 2 PCV's, one with a
small capacity and an orifice and a flow recorder im it. The small
valve will open first and then the large valve will open when the

small valve is about 50% open, This PCV system will maintain a
constant line pressure to the HCl consumers, Under normal circum-
stances, only a small flow will be flowing through this valve. The
maximum flow through this system will be 60 TPD, as the second stripper
will shut down before the valve is wide open. The upstream pressure

on this valve will be 125 psig at first,

Vents from the acid storage tanks. Displaced air from the acid tanks
is fed into the tails tower #2. High inerts in #2 absorber can be
caused by the pressure pad system leaking through this system.
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STORAGE TANKS

A, Equipment

1, The Strong and Weak Acid Storage Tanks 62A-60-611, 612, 613 and 614
are 12'diameter by 23'1" long tan to tan. The capacity of the tank
is 20,000 gallons with no outage., The inside of the tanks are lined
with 7,000 volt "Glasteel.'" The gaskets used on the tanks are
Pfaudler type CRT, which are a type of Teflon envelope. The tanks
have tantalum plugs and thermowells, so care should be used in using
any other metals around the tanks. The tanks have two "Glasteel”
dig tubes (12" long). The tanks are designed for 15 psig and 12"

Hg“ absolute at 300° F. Recommended maximum average temperature is
180° F, Carbon rupture discs are set to relieve at 15 psig.

B, Operation

These tanks should be treated with kid gloves, no thermal shocks,
hot material, pounding on, or dropping on. The top inlets have a short
standleg so material falls into the tank and mixes with the material in the
tank., This will help prevent damage should hot material inadvertently be
dumped in the tank. The dip tubes will also prevent wear of the glass on the
sides where it runs down. The dip tubes should be pulled regularly and in-
spected. Do not allow acid to spill on the outside of the tanks, as the acid
eats the steel and liberates H2 which breaks the glass to steel bond, causing
failure.

The tank failures can be repaired with plugs.

SL 009027

=]~




SCRUBBER SYSTEM

A, Equipment
1. The Tails Tower Vent Scrubber (62A-67-27) is a 20" diameter by
10'0" high Haveg 41 vessel. The vessel has 2 spargers, a packing
support tray and 6' of 1%" Intalox saddles. The packing support

and the packing are constructed of ceramic, The design pressure is
10 psig at 200° F,

B. Operation

The scrubber is designed to condense all steam from the jets, The
scrubbing water will be the cooling tower blowdown. The scrubber will take up
to 40 GPM through it, If the cooling tower blowdown is not enough to scrub
all steam, then some more water may be added by opening up some well water
through the other sparger. Under no conditions allow the water in the scrubber

to be warmer than 200° F,

Non-condensables are vented from the top of the scrubber through a

stack above the platform., It is possible to have flammables in this stack

at times,
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CONDENSATE SYSTEM

A. Equipment

1. Condensate Collection Tank 62A-60-715 - This is a 5' OD by 10' high
steel vessel, The tank will hold 1470 gallons with no outage. The
design pressure is 3 oz external and 12 oz.internal,
Desuperheater Feed Pump 62A-55-973 - The desuperheater feed pump
is a Moyno 6M4 designed to give 7.5 GPM at 200 psig. The speed
decreaser gives an output speed of 420 RPM. The motor is 3 HP,
1800 RPM,
Desuperheater -~ The desuperheater, for all steam fed to the EC

and HCl1 plants is a Rockwell-Republic SA-30 which will cool 75 psig
steam from 550° F. to 315° F,

B. Operation

The desuperheater cools the 75 psig steam to all areas. The steam
must be desuperheated to keep from damaging the "Karbate" in the HC1 strippers.
The desuperheater works by cooling the steam with atomized condensate. The
condensate is pumped from the condensate storage to the desuperheater where
it is atomized with 150 psig steam,

The condensate storage tank is equipped with an overflow 9%' above
the bottom (1400 gallons)., The vapors are vented above the process platform,

The overflow goes to the sewer.
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DRYER SYSTEM

A, Equipment

1. Dryer 62A-73-61 = H_SO, Dryer #1 is a 36" OD by 16%' tan to tan
steel vessel with a%3'8" skirt. The dryer is packed with 6' of
1%" Intalox saddles. The saddles are supported on a porcelain
gas injection plate. The liquid is distributed with a procelain
distributor and all entrained liquid is knocked out with a 6"
Teflon demister, The design pressure is 38 psi and full vacuum at
300° F, The relief valve and rupture disc are set for 38 psig.

2, H,S0, Pumps #1 and 2, 62A-55-865, 62A-55-866 - The H2504 circulation
pamps are Goulds type 3196 1 x 2~6 constructed of GA=20, The shaft

has a GA-20 sleeve, The seal is a John Crane type 20, The pump is
to pump 25 GPM at 25' of head. The motor is 1% HP, 1800 RPM,

B. Operatiom

This dryer is surrounded by a shield because it operates under pressure.
No one is to enter the area without thoroughly checking for leaks, and then
he is to walk slowly. IXf a leak is detected, the area is to be blocked off
and full safety equipment put on before entering. The sight glass is tubular
and is protected with a shield., Before the S.G. shield is removed, full safety
equipment will be put on. -

The HC1 from the entraimment separators flows through a steel line
into the bottom of the dyrer. The gas then flows up through the packing,
through the demister, and out the top into a steel line that goes to the com-
pressor suction, The bottom 4' of the dryer is used as an acid reservoir.

The acid is pumped from the bottom of the dryer, through an acid heater and
into the dryer below the demister. The bottom of the acid dryer is steam
traced and there is a heater on the recirculation line (double pipe heat ex-
changer) which has hot water running to it to keep the acid from freezing.
The acid temperature should be kept between 70° F. and 95°F. Below 70o F,
the acid will freeze and above 95O F., the acid is extremely corrosive to

steel. The acid is changed whenever its strength gets below 90%.
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Hot water for the heater is made by bleeding steam into well water.
Adding steam directly to the heat exchanger causes a "hot spot' and therefore

rapid deterioration of the steel exchanger.
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COMPRESSOR SYSTEM

A. Equipment

1. HC1l Compressors 1, 2, 3 - 62A~56-148, 149, 150. The HC1 compressors
are Ingersoll-Rand, 12 x 13 ES«~1-NL-2 HCl1 compressors. The com-
pressor at 300 RPM will compress 51 TPD HCl from 14 psig to 125
psig. The motor is 150 HP, 900 RPM. The HP required is 127.

The SRV's are 1% F2 with an RD under it; both are set for 180 psig.

HC1 Compressor #4 - 62A-56-176. HCl compressor #4 is a Worthington

8 x 7 HBB HC1 compressor. The compressor at 450 RPM will compress

22 TPD of HC1 from 14 psig to 45 psig. The motor required for this
is 25 HP, 1800 RPM, The required HP is 22,4, The SRV is a 1% F 2 set
at 90 psig.

Aftercoolers - 62A-71-814, 815, 816, 883. Aftergoolers 1, 2 and 3
are Brown Fintube Model 53 1#000420 with 543 ft, Aftercooler ¥4
is a Brown Fintube 53-1#000-807.5 containing 98 ft.

Low Pressure Surge Tank - 62A-60-616., The low Pressure Surge Drum
is a 24" ID x 24' long steel tank, The design pressure is 150 psig
and full vacuum at 300° F,

High Pressure Surge Tank - 62A~60-617, The High Pressure Surge Tank
is a 24" ID x 24' long steel tank. The design pressure is 300 psig
and full vacuum at 400° F.

Surge Tank for #4 Compressor - 624~60-686. The high pressure surge
drum for #4 compressor is 42" OD x 5'8" tan to tan. The tank is
designed for full vacuum to 100 psi at 250° F. This drum is sized
to fit into the discharge pit and give some surge time to #4 com-
pressor discharge PCV,

Compressor ~ 62A-56-139, The N, compressor is a Worthington HBB
s%ze 3 3/4 x 5, single stage, to cbmpress 20 CFM from 114.7 psia to
239.,7 psia. The RPM is 445, and the horsepower required is 11 .3
The compressor is equipped with automatic unloading valves set at
225 psig.

Receiver 62A~60-608 - The N  receiver is a 30" ID x 500" tan to
t%n steel tank., The tank is dgsigned for 300 psi at 150" F. The
impulse for the unloaders is on the surge drum, The SRV is 1D 2 set

at 300 psig.

B. Operations
The HC1 from the H SO4 dryer flows through a steel line to the low

pressure surge tank, which serves as a suction header for compressoxrs 1, 2
and 3. pressure in the suction system is held at 14,5 psig by recirculating
gas from the compressor discharge to the suction header. From the suction

header the HC1l flows to the operating compressors and is discharged at 125 psig
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and 288° F., The gas then flows into the high pressure surge tank, From the
H.P. surge tank, the gas is fed to 3 aftercoolers (Nos. 1, 2 and 3) operating
in parallel, where the gas is cooled to 110° F. After the aftercoolers, the
HC1l is either recirculated back to the suction, or sent to Absorber-Cooler

#2 through a PCV that holds the discharge pressure constant, or it is sent

to an HC1l consumer,

As has been previously explained, it is possible that the HC1 strippers
may be run at 25 psig instead of 14.5 psig, To prevent the compressors from
overloading, clearance rings will be necessary. These rings have been in-
stalled on the compressors and will be left on until the capacity is needed.

At the higher suction pressure, the frames on the compressors are at the maximum
design, The compressor cylinder is designed to go up to 160 psig, and this will
be the discharge pressure of the compressors. The maximum working pressure on

the distance piece is to be 170 psig. To prevent any overload on the compressors

and still allow the compressors to operate,the relief valves are set for 180

psig. Since this is so close to the operating pressure, the relief valves
would leak through, so they are isolated with rupture discs, Care should be

exercised in starting up the compressors as the relief valve and rupture discs

are set for a differential pressure 180-25= 155 PSIG, so it is possible to

exceed the rupture point when starting up the compressors,

To further complicate the compressor situation, #3 compressor is piped
to run in the dry HCl system as well as in the wet HCl system. When running
in the dry system, the capacity of the compressor is 24,5 TPD without clear-
ance rings and 20.2 with the rings, To switch from one system to another will

require some valve manipulation,
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The compressors are designed with two distance pieces to prevent HCl
from getting into the drive end, The first distance plece (one nearest the
cylinder) will be pressurized to 10 psi above the discﬁaxge pressure with
N,. Since the plant N

2 2
is used. This compressor will boost the N2 pressure to 225 psig. The com-

pressure is not high enough, a N2 booster compressor

pressor automatically loads and unloads to maintain this pressure, The N2

compressor discharges the N, to the N2 surge tank and from the surge tank

2
the N2 is reduced to 170 psig and fed to each compressor through a roto-

meter. The rotometer will give some idea of the condition of the packing on

the shaft. The higher pressure N, will leak into the cylinder instead of

2
HC1 leaking out, Attached to the first distance piece is a line that goes
to Absorber-Cooler #2, An attempt will be made to run the compressors with
no N2 on the distance piece and any leakage back through the packing will be
sent to the absorber, This system will work until enough leakage causes the
distance piece to have a pressure. _then the N2 system must be used. The second
distance piece has air on it, This air is continuously swept through the piece
so any leakage from the first distance piece is purged out, The air should
sweep out the top and bottom of the distance piece and enough air added to
maintain 3 psig while sweeping out both nozzles,

Located in the suction line to each compressor is a strainer. This
is a steel sieve that will prevent any large objects from entering the com-
pressor. When this strainer becomes gunked with corrosion products, the capacity
of that compressor is seriously affected. On the discharge of each compressor
is a SS expansion joint. This joint should be inspected for cracks periodically.
The relief valve relieves from the discharge to the suction so the compressor
will overheat if much HCl leaks through the SRV. The maximum discharge temperature
is 340°F., so when this temperature is approached, the compressor should be

taken out of service. These compressors are equipped with Ni-resist liners,

carbon rings, carbon packing and a carbon wear plate.
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Number 4 compressor is a compressor to pump HC1l to the MC reactor,
The HC1 that is removed from the system by this compressor is replaced by
HC1 from the TCE reactor. The suction line for #4 compressor is in the line
upstream of the low pressure surge tank and the TCE reactor return is into
the surge tank. No., 4 compressor is built exactly like the large compressors
except it has Teflon packing, and graphite impregnated Teflon rings and wear plate.
The discharge of the compressor goes thr&ugh a high pressure surge drum,
#4 aftercooler, and to the MC reactor. The line pressure is maintained by
bleeding the excess HCl through a PCV back into the suction line to compressors
1, 2 and 3.

To maintain a constant pressure on the consumer HCl line, there is
a PCV system which will bleed any excess HC1l back to #2 Absorber-Cooler, In
this gsystem there are two valves, one much larger than the other. The small
valve will open first, In the line to the small valve is an orifice and this
flow is recorded on the control board., The stripper system should always be
running at a slightly higher rate than the consumers are taking. The excess

HC1 will flow back into the system through this orifice and valve, When all

plants are lined out, this flow should be minimal, When consumer rates are

going to increase, the stripper system should be increased until the flow
through the orifice is greater than the anticipated increase. This system
should be lined out before the consumers are allowed to increase rates. When
the consumer cuts back on rates, the HCl operator will know how much to cut
the strippers back.

The compressor cylinders and heads have cooling water flowing through
them, The water is well water and the maximum outlet temperature of this
water is 120o F. The discharge flows into a funnel so a quick check may be

made to ascertain that the water is flowing.
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When shutting down a compressor, block off the suction, open the
discharge to suction bypass, close the discharge, and then cut off the power.

After the compressor is stopped, open the N, into the suction line, open the

purge line in the discharge line and purge a small stream of N2 through the

Cc ompressor.
NEVER START A COMPRESSOR WITH A CLOSED DISCHARGE LINE. To start a
compressor,line up the distance piece purges, open the discharge to suction

bypass, cut off any N, and block the purge line, open the discharge and start

2
the compressor, After the compressor is running,throttle back the bypass until
the suction pressure is 25 psig (suction header pressure), open the suction
line and at the same time close off the bypass, The suction pressure should

remain constant.

NEVER AT ANY TIME DURING START-UP OR SHUTDOWN OF A COMPRESSOR

ALLOW THE DIFFERENTIAL PRESSURE BETWEEN THE SUCTION AND THE DISCHARGE TO EXCEED

150 PSI,

SL 009036
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DESIGN DATA

Tons Rating : %0,
Compresgor Full Load BeH.P., 112
Compressor Full Load Speed (RFM] 8130
Cooler Refrigerant Temp. (OF) -9.1
Refrigerant Condensing Temp., (°F) 101
Brine: Type Ca Clo _{ 25% by wt. )
Brine: Specific Heat (Mixture) "~ 0,67
Brine: Specific Gravity (Mixture) 1,25l
Brine: Freezing Point OF (Mixture) -20
Brine  Flow (GPM) 225
Srine  Inlet Temp. (OF) ‘ 6.1
Srine  Qutlet Temp. (OF) 0
brine _ Fouling Factor .0005
prine  Pressure Drop (Ft.) ‘ 26.2
Refrig. Cond., Water Flow (QGFN) 225
Refrig., Cond. Water Inlet Temp. (OF)
Refrig. Cond., Water Outlet Temp., (°F) 90
Refrig., Cond. Water Fouling Factor & 001
Refrig. Cond. Water Press. Drop (f%.) 27.5
Turbine Maximum H.,P, ' -
Turbine Full Load Speed
Turbine Ent. Steam Condition (psig)
" Turbine Lvg. Steam Condition (in Hg, Vac.)
Turbine Full Load Steam Rate (#/Hp/Hr)
Steam Cond, Water Flow (OPM)
Steam Cond. Water Inlet Temp, (OF)
Steam Cond. Water Outlet Temp. (OF)
Steam Cond, Water Fouling Faotor
Steam Cond. Water Press, Drop (ft.) -
Steam Cond. Ent. Stean Condition (in Hg. Vac,) -
Motor - Type Squirrel cage induction
Motor = Nameplate H.P. ' 125

. Motor = Power Characteristics . LLO=-3-60.
Motor = Speed (RPM) = T

‘»OYﬁPfé LOY‘(ﬁ X ljlf:ﬁgl
Qnoo[eg i cOncXQmex— — 7RSS ATE- &
ke SR ST
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REFRIGERATION UNIT

The refrigeration machine is fully described in the Carrier manual.
This manual will be located in the foreman's office in the files. It will
be under 624-71-795.

The only descriptions left out of the manual concern the modes of
control, auxiliary oil pump and the block valve in the economizer line.

The compressor suction damper is automatically controlled by the
outlet temperature of the brine. The hot gas bypass is manually controlled,
The bypass is opened enough to prevent the compressor from hunting.

In the line between the economizer and the second stage is a block
valve., This valve is to be used whenever the Freon is hot and the compressor
is being started up. By closing this valve, Freon from the chiller is prevented
from backing through the economizer section and into the turbine, After the

compressor is up to speed, and the suction damper partially open, the block

valve may be slowly opened. The valve is opened slow enough to prevent over-

loading the compressor (watch ammeter) or prevent any liquid from entering
the turbine.
The auxiliary oil pump is to aid in keeping the bearings lubricated
during start-ups and shutdowns, to aid in case of an oil pump failure, and
to provide a means to remove Freon from the oil when the unit is dowm., The
0il system for the compressor is external. The oil pump discharges out of the
c ompressor through a check valve, a water cooled cooler, through a filter and
back into the compressor and the compressor oil system, The auxiliary pump
pulls oil from the oil basin in the compressor, through the pump, through a
check valve, and into the discharge line of the internal pump, The auxiliary
pump, when set on automatic, will come on when the system oil pressure is less
than 10 psig, and will kick off when the pressure is 21 psig. The auxiliary
CONFIDENTIAL:
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pump should be started before the compressor is started, and stopped after

the compressor has stopped turning. If the oil becomes saturated with Frecon,

put hot water into the 0il cooler and circulate oil through it with the

auxiliary pump, The oil should be heated to about 1100 F. Hot water is

made by injecting steam into the well water before the water enters the cooler.
The oil system inside the compressor has a relief valve set at 20

psig. The external oil pump has a relief valve that is set at 20 psig.
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OPERATING INSTRUCTIONS Carrier)

The Carrier Centrifugal Refrigeration Machine is a compact assembly of seven major
elements. A list of these elements and their function follows:
62A -7/- 773
1. COOLER OR EVAPORATOR - which cools the "brine"® passing through the tubes, by the
evaporation of the refrigerant in which the tubes are immersed.

ég -d?%-#uf
2. COMPRESSO fz w 1cllﬁ?ompresses the evaporated refrigerant and discharges it to the
condenser.

62A-7/

/At AN
CONDENSER - which liquefies the refrigerant coming to it from the compressor.

ECONCGMIZER - which partially cools the condensed refrigerant before passing 1t on to
the evaporator. The cooling of the refrigerant liquid is effected by its partial
evaporation. The vapor thus formﬁd is passed to zge second stage of the compressor.

/- 796 v LZR-50-166
PURGE RECOVERY UNIT - wgich eXtrR¢ts a mixture of air (or other non-condensable gas)
and refrigerant from the condenser, condenses and returns recovered refrigerant to

the cooler while the air is discharged to the atmosphere.

A-50-16. ‘
6, DRIVE -gwﬁiéﬁgsup§§§es the power to drive the compressor. It may be an electric
motor driving through speed increasing gears, or a turbine directly connected.

7. CONTROLS - for protection of the various elements of the machine. When specified,
additional automatic controls for regulation, are furnished.

¥NOTE: The term "brine" is used throughout these instructions as applying to the sub-
stance cooled, whether it be water, a salt brine, or other fluid.

MACHINE DESIGNATION '

Machine assemblies are designated according to the size of compressor, evaporator,
and condenser., For example!
17TM43 - 7 - 6

denotes - - = 17 ~ Centrifugal Refrigeration unit
M - Two stage (P is 3-stage)
43 - Compressor size
7 - Evaporator size
6 - Condenser size

0v0600 1S

Besides the size designations, each machine is given a serial number which appears
on the machine control panel. In referring to machines in correspondence with Carrier
Corporation, always give the size, serial number and the name of the owner,

REPAIR PARTS

In ordering parts or in correspondence regarding any part of the machine use the
designations, figure numbers, etc., assigned in these instructions - give number and
date of page referred to - give serial number of machine, which can be found on name
plate on instrument .panel. :
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OPERATING INSTRUCTIONS 1/

REFRIGERATION CYCLE

The Centrifugal Refrigeration System employs the same general type of compression
refrigeration cycle used universally. Its unique features are:

1. 4 Centrifugal Compressor of two or more stages.

2. A low pressure refrigerant, Carrene No. 2;*known otherwise by the trade name,
"Freon-11", and the chemical name, trichloromonofluoromethane. Other refrig-
erants may be used when desirable.

. An Economizer in the liguid return from Condenser to Evaporator. The use of
this pleceeof equipment materially reduces the horsepower required per ton of
refrigeration because it increases the efficiency of the refrigeration c¢ycle.
It is wade possible by the use of a turbo-compressor having more than one
.stage of compression.

CONDENSER o ——PURGE  CONNECTION

CONDENSER  [F--~-

WATER IN

CONDENSER  [loouun .
WATER QUT || +—

[ A

&S} N

. 0?9 CooLeR
(74
-4
7

CHILLED ;’}—:_-:
BRINE OUT 11"

2
a3a3
2559,
3930,
3930
383

CHILLED | NOTE: BRINE AND WATER
BRINE IN . THROUGH TUBES,

S REFRIGERANT LIQUID

AND VAPOR QUTSIDE

Base OF TUBES, |

1 T |

DIAGRAMMATIC DRAWING OF
CARRIER CENTRIFUGAL REFRIGERATING MACHINE

The refrigerunt cycle starting at the evaporator of the machine is as follows:
Here the "brine" flowing through the tubes is warmer than the refrigerant in the
shell surrounding the tubes. Consequently, heat is transferred from brine to refrig-
erant. This heat evaporates the refrigerant at a temperature corresponding to the
pressure in the evaporator (see pressure-temperature relation chart).

The refrigerant evaporated is drawn into the suction of the compressor. The suction
gas 1s partially compressed by the first stage impeller and joins the stream of gas
coming from the economizer before entering the second stage impeller. Compression of
the mixture of suction and economizer streams 1is completed by the following stages and
the compressed gas is discharged into the condenser. Note that the economizer gas is
compressed through only a portion of the total pressure difference between evaporator
and condenser. If the economizer were not used, this gas would all be generated in the
evaporator and would have to be pumped from the evaporator pressure to the condenser
pressure. The pumping of a portion of the flash gas back to the condenser from the
intermediate economizer pressure increases the cycle efficiency and saves horsepower
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1I7M  OPIRATING INSTRUCTIONS Carrier)

The refrigerant discharged by the compressor condenses on the outside of the condens-
. tubeg at a temperature corresponding to the condenser pressure (see pressure-temper-~
ature chart)., This temperature is higher than that of the water in the tubes so the
* sat of condensation is transferred to the condenser water,

Th 1liquefied refrigerant drains from the condenser tubes down through an inside con-
duit into the condenser float chamber, which is built on the side, at the end of the
soler. The rising refrigerant level in this chamber opens the float valve and allows
7¢ liquid to pass into the economizer chamber, which is built into the end of the
cooler. The pressure 1n the economizer chamber is approximately half way between th
condensing and evaporating pressures; consequently, enough of the warm liquid evapor-
tes to cool the remainder to the lower temperature corresponding to the lower pres-
suare in the economizer chamber. This evaporation takes place by rapid "flashing"into
gas as the liquid passes through the float valve and the conduit leading into the econo-
lzer chamber. The evaporated portion passes through eliminators to the compressor, to
»in gas coming from the cooler which has been compressed by the rirst stage impeller.

The mixture enters the second stage impeller.

The cooled liquid then flows into the economizer float chamber located below the con-
:nser float chamber. The rising level in the economizer float chamber opens the float
valve and allows this liquid to "flash"™ again into the bottom of the cooler, As the
yoler pressure is lower than the economizer pressure, some of the liquid is evaporat d
» cool the remainder to the cooler temperature, and this gas passes up through the
ligquid to the compressor suction. The remaining liquid serves as make-up for the re- .
agerant continually being evaporated by the "brine". This completes the cycle. s
f
.
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(Carrier)  OPERATING INSTRUCTIONS 1 /1l

REFRIGERANT

Refrigernnt 11 (Trichloromonollnoromethane, CClgl) is a colorless liquid at normal atmospheric pressures
and temperatures. It is very volatile and boils at 74.8° I'. It may be handled in open containers with little
loss by evaporation. The liquid is about 1.5 times as heavy as water and weighs about 12-1'2 1b per gal.

A mixture of water and liquid refrigerant will separate completely, the water floating above the heavier refrig-
erant. The liquid will dissolve oils and greases in all proportions. It dries the skin by removing the natural
oils. It also dissolves rubber and will, therefore, destroy packing materials containing rubber.

The vapor is heavy - about 4.8 times as heavy as air. Being heavy, it will drop to the foor of a room and
st:tle in low places. For this reason, openings in the top of chambers containing refrigerant vapor will cause
little loss.

.The odor of the vapor is sweet, Large concentrations in air are not harmful, but will cause dizziness and
eventually headache. ‘

The vapor will not support combustion and is classed as non-inflammable and non toxic.

The refrigerant is shipped in drums of 200 Ib net. The quantities for charging machines depend on the
cooler size and may be determined by reference to Part 2 of these instructions.

PRESSURE-TEMPERATURE RELATION
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17 Carri
LY
i fivi OPERATING INSTRUCTIONS arrier
PROPERTIES OF SATURATED F-1l LIQUID AND VAPOR -
Tews, Premamy Veldem Deralty 'y'::.l 2’;‘6 ?" ,m','."'_'_"::, « Temp
La A L “r.
| b | | | e ] b |t LI R DR |
\ » " Yy L 17y 1/v, h b hy [N 4 i
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_10 | 1.920 | 26.01+] 0.01010| 1817 | 90.03) 0.05503] 591 85.16| 91.07] 0.0136 | 0.2030 |10
s | 2035 [2577+| 01001{ 17.21 | 98.87( .066L0) 6.3l 8500 91.31) .0145 | aba27 |8
T & | 216 Jz56a+| 01013 16.32 | 98.72| .06129) 670 84.85! 91.65] 0153 | 2024 |- 6
T ¢ | %283 {25.27%| 01016| 1547 | 9857 6464 7104 B4.69 0170 0162 | 2071 |— 4
Tz ) 2416 |25.00°| 01016 14.68 | 98.42) 06813} T49 8454 | 92030 0171 | 2018 {.. 2
o | 2556 | 2a.72¢| 0.01018] 13.94 | 98.27) 0.07176] 7.89] 8438 92.27| 0.0179 | p.2015 0
2 | 2700 |24.42*] .01019| 13.24 oR11| 07554, 828! B4.23! 9251| .O1BB i opi5 2
4 7ss2 [24.01+] .01021] 12.58 9796| .07048! BE8| 84.07| 9275 .0197 | 2010 n
51 .2.931 | 23.85%} 01022 12.27 97.88| .08152Z] &.88 8400/ 9288 .0201 2009 5t
& | 3.0.2 | 28.79%] .01022)11.96 9781, .08361| 9o08| 83.92| 93.00] .0205 ) 2008 )
8 | 179 |z3460| olo2|1138 97.65| 08790 9.48] 8376 93.24; 0213 2005 8
10 | 3.262 |23.10*}0.,01026] 10.83 97.501 0.09233| 0.88! B3.60] 93.48] 0.0222 | pan03 | 10
12 | sB3¢ |22.73+| 01027 10.31 9734| .00697| 10.28| 83.45| 93.72( .023L | " 2000 | 12
14 | 3724 | 2234« 01029| 9823 | 97.1%) 1018 | 1068 8129 9397 0239 | ioos i 14
16 | 8923 )21.94*) 01031 9.350 | 97.03| .1068 | 11.07| 83.14| 94.21 0248 1996 16
18 | 4128 |2is2+| or03z| 8925 | 9688 1120 [ 1147 8298 9445 .0266 | 1093 & 18
20 | 4.342 |21.087[ 001034 8619 | 96.72)0.1174 | 1187 g2.82| 94.69) 0.0264 | piogy | 20
52 | 45e7 |20.62+] .01036] B.129 | 96.57) 1230 | 1227| 8266 odod! 0273 | joma | 22
2¢ | 4801 |20.15%| 0l037| 7760 | 96.41| .1289 | 1268/ 8250/ 95.18 0281 1987 | 24
25 | Fods |19.66*| 01039] 7.414 | 96.25| 1349 | 13.08| 8234} 95.42 0289 | ‘loss | 26
25 | G294 | 19.14¢] [01041] 7.087 | 96.10| .1411 | 1348 8218} 95.66 0297 | 1983 | 28
a0 | k587 [18.610( 001042] 6776 | 95.94[ 0.1476 ( 13.88 B2.03({ 95.91 0.0306 | 0.7081 | a0
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i | 7702 |1424¢{ 01056] 5.0 | 9482 1998 | 16.70| 80.90 97.60 0362 1 1969 | 44
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Pt 17P COMPRESSORS Tt
the 17P is three-stage. They are—

designed for use with Carrene No. 2 as refrigerant. Adesessmsiwwerigsiigeniibbjsbsmpemmiisl
+ The
17P at normal speed will produce a corresponding temperature of about 95° F. The speed
may be selected greater or less than normal, and at maximum speed, wisEPEPIEIS
and the 17P type approximately
120° F.) below the condensation temperature. Other refrigerants when desirable, can be

used -~ these possibly requiring some changes in design from standard.
The Compressor Casing and the various stationary passages are of cast iron.
The Shaft is a forging, turned and ground with keyways provided for each impeller.
The Impellers are of the built-up type. The hub disc and cover are machined steel

forgings. The blading is sheet steel formed to curve backward with respect to the di-
rection of rotation. The assembly is riveted and lead coated. Each impeller is bal-

anced after fabrication and the completed rotor is also balanced dynamically. .
The Rotor assembly consisting of shaft and impellers runs in two sleeve type bearings,
Thermometers are inserted in the top half of each bearing for indicating their tem-

perature. . .
Brass Labyrinth packing in the Diaphragms prevents interstage leakage of gas. Similar

packing of the shaft at the ends of the casing restricts the flow or gas between the

main compressor casing and the Bearing Chambers.
In operation the pressure differential across each impeller produces an axial thrust

toward the suction end of the compressor. This thrust is supported by a Xingsbury

Thrust- Bearing at the suction end of the shaft. )
The compressor has a complete lubrication system, including 0il Pump, Bearing 0il

Rings, Pressure Regulating Valve, etc. Detailed description of the oil systew may: be

found under the heading of "Compressor (il System”.
COMPRESSOR SHAFT SEAL

. Description
A shaft seal is provided where the shaft extends through the compressor casing.

- The seal is formed between a ring, called the Rotating Sealing Seat which is vacuum
fitted against a shoulder on the shaft -- and the Stationary Sealing Seat attached to
the Seal Housing through a flexible member or Bellows assembly. The faces on these
Beal seats are carefully formed to make a vacuum-tight joint when in contact on shut-
down., In order that these faces will seal properly when the compressor is shut down,
the Seal Spring between the stationary sealing seat and the Seal Housing Cover
moves the stationary seal seat into contact with the rotating seal seat. Between the
hub of the stationary sealing seat and the hub of the rotating sealing seat is locat-
ed a floating ring. A Seal 0il Reservoir with filter chamber is attached to the com-
pressor housing above tie seal. The reservoir provides oil to keep the seal faces
flooded during shut down periods. An orifice between filter chamber and reservoir re-
stricts oil flow to the reservoir during starting, if the reservoir has partially
drained during shut down. By this means, full oil supply is assured for the seal im-

mediately on starting. Operation
The operation of the seal mechanism is as follows: When the compressor starts up,

0il is pumped through external piping and internal passages in the compressor, as out-
lined in section on "Cowpressor Oil System®, through the filter and to the interior of
the bellow assembly. The oil pressure expands the bellows, moving the stationary
sealing seat agéinst the pressure of the spring, back to a stop on the seal housing
cover, leaving a space between the faces of this seat and the rotating seal seat on
the shaft. The o0il in the bellows passes through drilled passages to an o1l groove cut
eccentrically in the face of the stationary sealing seat. From this groove the oil,

Ll the space between the seal faces, passes in two directionss
ff Acpg;s theﬁoucer section of the face of the stationary sealing seat and into the

space between the shaft and the bellows assembly. 01l flow from this space is

evented by a floating ring called the Inner Floating Ring.
‘ b, Alf::ross the yinner secti%n ofgthe face of the sealing seat and through the clear-

ance between the rotating sealing seat hub and stationary sealing seat. This
flow is restricted by the close clearance of the floating ring between.these two

CONF 1DENTIAL? e order --
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.rt.s as well as by the Outer Floating Ring betwe n s al housing cov r and rotat-

£ seal hub.

The o1] in the space between the shaft and the bellows, as described in paragraph

a" above, passes through

an opening to the shaft bearing providing a fresh oil sup-

ply to this bearing. The o0il pressure in this space actuates the o1l pressure regulat-
*ng valve in the oil pump discharge, acting through a passage in the seal housing and
capillary tube connection from this point to the Pressure Regulating Valve. Since
pressure is not developed in this annular space between the bellows and the shaft un-
til after the seal has opened, the pressure regulating valve remains closed on
tarting and the full capacity of the oil pump is assured for initial oil supply. Th
.ressure in this space also controls the action of the Low 0il Pressure Cutout. See

"Safety Controls".

The 011 passing between the hubs of the seal seats, as described in paragraph "b"
\bove, goes to the Atmospheric Float Chamber.
For completion of these circuits "a" and "b" refer to "Compressor 01l System".
During operation the oil passing between the seal faces, seals the shaft against
nward leakage of air and avoids the necessity of a metal to metal contact of the seal.

e Eipsssiinstslvanammme .
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S8haft Labyrinth - sither end

Impeller Lock Nut - suctian snd
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Impeller - first stage

Impeller - secord stage

Impeller Spacer

Iniet Guide Vane - first stage
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SN, DISCHANGE) END .
Item No. SEAL END BEARING BEAL
1, Bearing Inspsction Cover 20 Seal Housing
2. Bearing Inspection Cover Gasket 21, Seal Housing Gasket
3. Bearing Liner (Upper and Lower) 22, Bearing Felt Ring
4, lower Shaft Hearing Retainer 23, Seal Housing Cover G .
6, Upper Sh(.:n Bearing Retainer gg ggﬂ ,'32“132%..3‘{‘,’," aske
. [+)
3’ Bo'i?rlii?:grgsuiz 26 Bellows Gaskets(2)
. Thermome ter élunp 27. Rotating Seal Seat
o Thermometer Well 28 Stationary Seal Seat Assembly
8 20. Inner Floating Seal Ring
ATMOSPHERIC FLOAT VALVE 30. outer Kloating Seal Ring
10. Float Valve Assembly 31. Inner Floating Seal Ring Retainer (L.H.T.)
1?- Float Ball 32, guter Floating Seal Ring Retainer
12, Valve Body 33, haft End 1abyrinth
13, Valve Seat 34, Seal Spring
14, Valve Gtem
16, Valve Aras
16. 011 Stop Valve Assembly
17 011 Stop Valve Bellows (Not shown) o
18. 011 Stop Valve Seat (Not shown) .. \ CONFIDENTIALY
SUPERSEDES QBubject to Protectiv Order SECT. 1725
PAGE 11 _ ;iﬂ 14th Judicial District Coug® race 1t

DATE (.246 , v,
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V= PUMP SHAFT ASSEMBLY
) CONFIDENTU\I:" -der
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\ Subject 39 jal bistrict Court
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THRUST £NO SRICTION ENC) of 14th J No 1-114%
Item No. OIL PUMP CHAMHER
« Chamber Cover
Item m..S OIL PUMP DRIVK Y hmbor Cover Gasket
1. haft 22, 041 Cooler Assembly
2, 'Farncket 23, 041 Assembly
3. worm 24, 011 Rellef Valve
g. Bor;nigear Wheel . 25. 011 Discharge Pipe
. us . t.
6. Shaft %ﬂek Nuts (L. K. T, ) 8. 011 Heater
7. Worm Gear Lock Nut THRUST BEARING
THRUST END BEARING 30. Thrust gz‘ Cover
10. Bearing Insepection Cover : o
11, Bearing Inspection Cover Gasket ?,3' ’T‘,‘,‘;ﬁﬁ‘t’“gg,ﬁ‘;;’,‘,oggi;é""
ia. Beari Liner (Upper amd Lower) 34: 011 Btrainer Assembl
J, Lower Shaft Bearing Retainer 35, 011 Strainer C y
14, Upper Shaft Bearing Retainer 36, Pump Drive Oﬂn ozzle
15, Bearing Cap 37. Worm Look Nut B
16. Qi1 Kings (z) ; 38. Worm Spacer
18: Therm:xt:: C§‘:'P Y 39, Thrust Bearing 8hoes (2) :
40. Thrust Bearing Housing Floating Ring
SECT. 172.5 =98~ SUPERSEDES
PAGE 12 PAGE 12
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ORI ICLS

E)

1

—/
PRESSURE REGU-
®7’ano VALVE
LY 3

AUGES 22 & 23 ARE MOUNTED ON
TRUMENT PANEL , BUT ARE SHOWN
LOCATIONS IN DIAGRAM FOR PUR-
QF CLARITY,

cooler —» Frlte

OIL PIPING DIAGRAM

In general, this system consists of an 0il Pump of the gear type, driven from the
main compressor shaft, and supplying oil through various connections and passages for
the Thrust Bearing, the two Shaft Bearings, the oil pump Worm Gear Drive and for the
Shaft Seal; —-- with the necessary gauges and control valves to permit the system to

operate automatically.

The o0il pressure or feed circuits are as follows:
When the compressor starts, the pump 1 starts to circulate oil -- which is applied
first entirely to the thrust bearing 3. From the thrust, the oil divides into two

circuits --
A. Through Strainer 29 and the proper orifices to the pump drive gear 2, and the

rear shaft bearing 4.
B. Through Check Valve 5 and Filter 7 to the shaft seal and front shaft bearing 9.

In reference to circuit A, since the thrust, rear journal bearing and worm drive
are all located above the 0il Pump Chamber, th return flow of oil from these parts

simply drops back t this chamber.
ply drops bac : " #Tx  CONFIDENTIAL:
\ 7. /BubJect to Protective Order
SUPERSEDES p,f -14th Judicial District Court

PAGE 3
DATE  6-247 : . -99- No, 91-1145




I/ OPERATING INSTRUCTIONS Carrier)

In reference to circuit B supplying oll to the front bearing and for the operation'
3f the shaft seal, since part of the oil passes to the atmosphere, various valves
are required in the supply as well as in the return to the pump chamber. In this
circuit when pump pressure, on starting, has reached approximately 8 pounds, the
valve No. 5 -- which 1is set to open at this pressure on its inlet -- allows o1l to
pass from manifold 18 through filter 7 and to seal 8. (If the seal oil reservoir 6
is not full, a small part of the oil passes through orifice 28 to fill the reser-
voir). The oil pressure then passes through the seal bellows, expands the bellows,
noving the stationary seal back against its stop and allowing the oil to pass through
the seal in two directions - (I) inside the compressor and (II) to the atmosphere, as
explained in detail under the paragraph on "Shaft Seal".

The oil passing to the vacuum side of the seal (refer to I above) flows to the front
bearing 9, through an opening in the inner floating seal ring 12 which is located in
the seal housing, to prevent unnecessary flow of oil from the vacuum side of seal. The
searing overflow drops to the bottom of the Bearing Chamber 10 draining back to the.
0il Pump Chamber through the proper passage in manifold 18,

In reference to II above, the oil passing to atmosphere is restricted by floating
rings between stationary seal and rotating seal hubsand between housing cover and ro-
tating seal hub, Most of it passes directly to the Atmospheric Float Chamber 13. Th
rater jacketed seal housing cover 11, cools this 01l and minimizes the refrigerant
losg from it. A small amount passes these rings and is returned to the atmosphere’
float chamber 13 through connection 30. From the float chamber the oil goes through
the Automatic Oil Stop Valve 16, up to bearing chamber 10, - where it returns through

e Nanifold, to the oil pump chamber, with the oil overflow from the front bearing.

1 returns from the atmospheric float chamber since the pressure in the bearing cham-
ber is always below atmospheric, -- this pressure being equalized with the compressor
iuction through the rear Shaft lLabyrinth, -and therefore always is a vaccuum during operation.

"rom the Bearing Chamber, the oil flows by gravity through the manifold 18, to the oil
pump chamber. Automatic stop valve 16 is provided to prevent flow of refrigerant vapor
from the machine in case the pressure inside the machine during shutdown, rises above
itmospheric. The valve is set to open at approximately eight pounds, and i1s actuated
oy an oil pressure line taken from the oil pump discharge and, therefore, opens im-
mediately after the compressor is started. Valve 18 also prevents outside air from
:ntering into the machine when the machine pressure is below atmospheric. This valve
Is necessary because the atmospheric float valve 14 is designed for level control
only, and is not a stop valve.

Valv 17 1s the Oil Pressure Regulator. It is actuated by pressure "back of seal®
through line 15 and con trols oil pressure by returning excess oil back to the oil
pump chamber.

0il Pressure Gauges 22 and 23 on control panel, indicate the seal reservoir pressu:
and the pressure "back of seal®, respectively. When the reservoir is full, 22 indi-
cates the pressure on the seal bellows. Gauge 23 indicates the pressure in the space

setween the seal and inner floating ring, or "back of seal” pressure, which controls
valve 17,

n
rl'
o
o
w
=)
o
o

Air Vent and Vacuum Breaker 27 admits atmospheric pressure during shut down, to th
seal o1l reservoir to maintain a head of “bd’ﬁri’ifgﬁ’ﬁ’m.“ operates as a gravity

ck valve. Subject to Protective Order
of 1l4th Judicial District Court
" . 91"‘11‘5
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h
The Qil Ileater 31 Beats the oil during shut-down to prevent excessive absorption of refrigerant by the oil.
A flow switch (not by Carrier) may be located in the water supply to the oil cooler manifold. This aute-
matically turns on the heater when the water supply is shut off by hand, and cuts the heater off when the

water is tumed on.
The Oil Cooler® cools the oil as it is returned to the pump chamber during operation.
Bearing Thermometers 24 and 25 indicate the temperature of the shaft bearings,
il Rings 20 and 21 bring additional oil from the bearing wells to the shaft.

Relief Valve 26 in the oil pump discharge line, relieves any unusually high pressure that may occur
accidentally, and thus protects the system against any damage.

— —

70 GEAR TO COMPRESSOR TO
OiL COOLER SEAL WATER COMPRESSOR

J ACK7 OIL. COOLER
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FLOW SWITCH
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CROSS SECTION OF ITQ COOLER F
(DIAGRAM)

CHARGING
VALVE

ELIMINATORS

i

/ \ YNU{uou( TER

DRAIN

ﬁ
(8) Y
@Kﬂd N _
VENT D O
®
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N .ﬁ
A -‘ h shcr..::::::-_'::'_:n {:
{ } u l = L3 [ Cad e d | s ) bl s
3 A
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[tem No. Item No.
1. Water Box with Nozzles* 7. Inspection Cover - either end
2. Water Box Cover - nozzle end 8. Gasket - Inspection Cover
3. Water Box - plain end 9, Condenser and Economizer Liquor Float
4. Gasket (Water Box to Tube Sheet) Valve Assemblies
5. Gasket (Water Box to Cover) - nozzle end 10, Ruptersdsive S0/
6. Gasket (Water Box to Tube Sheet ) - plain end

*NOTE: For three-pass construction, there is a water box with nozzle on each end.
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170 COOLER

The 17Q Coolers are shell and tube flooded type. See cuts showing construction de-
tails.

The standard construction includes Lo-Fin copper Tubes rolled into cupro-nickel
Tube Sheets. Other metals are furnished 1f required by particular"brine"condlitions.

The tubes are provided with belled ends so that the advantage of a removable tube is
obtained. They are rolled into the tube sheets and expanded into two internal Support
Sheets

The normal refrigerant charge covers only about 50% of the tube bundle. During op-
eration, however, the ebullition or violent boiling of the refrigerant completely

covers the bundle.

Above the tube bundle are Eliminators to prevent the carry-over of liguid refriger-
ant particles into the compressor suction.

Inspection Covers are provided in the ends of the cooler to permit access to the
eliminators.

ﬁ\/ set ot [Spsiy
A e il 15—FeBursting-d#ee is also provided on cooler.

The cooler Water Boxes are designed for a maximum working pressure of 200 1b.
Sq. In. and are tested in excess of this pressure. They are provided with the neces-
sary Division Plaotes to give the required flow. The Water Box Covers may be removed
without disturbing any refrigerant joint since the tube sheets are welded into the
cooler end flanges. Vent and Drain openings are provided in the water circuit.

A Refrigerant Thermometer 1s provided to indicate the temperature within the cooler
during overation,

A Refrigerant Sight Glass 1is provided for observing the charging and operating re-
frigerant level.

A Charging Valve with connection will be found on the side of the cooler for the
addition and removal of refrigerant. The connection is carried to the bottom of the
cooler so that complete drainage or refrigeration is possible. A Refrigerant [Jruin to
atmosphere 1is also provided near the charging connection.

EXPANSION THERMOMETER CHAMBER

A small chamber 1s welded to the cooler shell, at a point opposite the economizer
and above the tube bundle. An opening in the shell permits free passage from the cham-
ber to the cooler. A continuous supply of liquid from the condenser float chamber is
brought to the expansion chamber while the machine 1s running. This expands in the
chamber which is at cooler pressure and, therefore, maintains a small body of liquid
and gas passing to the cooler through the above mentioned opening. The bulb of the
refrigerant thermometer and the refrigerant safety thermostat bulb are inserted in

this expansion chamber.

NFIDENTIALS
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ECONOMIZER
A complete description of the function of the economizer is given under the heading
of "Refrigerant Cycle", It is located in the cooler shell at the end opposite the
compressor suction comnection., It is above the tube bundle and entirely separate from
the cooler gas space.

The economizer is a chamber with the necessary passages and float valves, connected
by an internal conduit passing longitudinally through the cooler gas space to the
compressor second stage inlet. This connection maintains a pressure in the chamber
intermediate between the cooler and condenser pressures and carries away the vapor
generated in the chamber. Before entering the conduit, the economizer vapor passes
through an eliminator which extractis any free liquid and drains it back into the
chamber. :

On the front of the economizer will be found a chamber for two float valves. In the
top 15 the Condenser Float Valve which keeps the condenser drained of refrigerant and
admits the refrigerant from the condenser into the economizer chamber., In the bottom
is the Economizer Float Valve which returns the refrigerant to the cooler.

Gl

COOLER TUBE SMACE

)
ECONOMIZER
FLOAT

ECONOMIZER

SECT. g
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17R CONDENSER

The 171 Condensers are shell and tube type using the same tubing as the 17Q Coolers. The standerd tube
bundle employs copper tubes rolled into steel Tube Sheets. Other metals are furnished if required to meet
water conditions, The ends of the tubes are belled where they are rolled into the sheets and the advantage of
a removable tube is thus obtained. The tubes are supported by two intermediate support sheets.

An important function of the condenser is to collect and concentrate non-condensable gases so that they
may be removed by the purge recovery system. The top portion of the condenser is baffled for this reason.
This Baffle encloses a portion of the first water pass. The non-condensables rise to this location because
of their lower density and because it is the coolest portion of the condenser. '

A perforated baffle is installed along the tube bundle to prevent direct impact of the compressor discharge
on the tubes - and to distribute the gas longitudinally through the condenser.

The condensed refrigerant leaves the condenser through a bottom connection at one end and flows into
the condenser float chamber in the cooler shell below,

The Fater Boxes of most condensers are designed for a maximum working pressure of 200 lb. per sq io and
are hydrostatically tested in excess of this pressure, They are provided with the necessary Division Plates
to give the required flow. Water Box Covers may be removed without disturbing any refrigerant joint since the
tube sheets are welded into the condenser end flanges. Vent and Drain openings are provided in the water
circuit.

The condenser is connected to the compressor and the cooler shell with expansion joints to allow for
differences in expansion between them.

SL 009055

PUR CONNECTION

3

=

CONFIDENTIAL?

ective or
gubject tO PrOtDistfict court

1
of 14th Jﬂgtfigl-llts

Item No. Item No.
1. Water Box with Nozzles* 4. Gasket (Water Box to Tube Sheet)
2. Water Box Cover - nozzle end 5. Gasket (Water Box to Cover) - nozzie end
3. Water Box - plain end 6. Gasket (Water Box to Tube Sheet) - plain end

*NOTE: For three pass construction, there is a water box with nozzle on each end.

SUPERSEDES SECT, 17Z.5
PAGE 19 -105- PAGE 19
DATE 1-2-46 : DATE §-24.59




3 A e
3 i
-

3 o~
ooy, ;3 W

O50C3

et
G
wdirrerseanereeritist i AL

05902659620\

O\
0R020202059020
030803030869090

R0808080303050505N
OO OF0R0S0X0R0X0R0N

o) , |
080803 X05052695960650505N !
0808080530520260695050503
05939595200 H0=0S0~0=0=0
omomomomowoo 0595050508050
OFOR0OROROX0=0N " OF030505070™
02020%0 0L0%0K0 /
OXOXC=0O OZ0Y0~0
O=0 O Ox /
ORO<0 OY0
O~R0~0O O oOX0O™ /4
OR0oX0R050 o8 4
Ox0 O O

ONOINOING _
020 /

OR0X020%0 /

. COR020R080 /

R, C0202020009080009 7

R, O 0R0S0R0R0800 7

..‘..5? ", O O O O O " 7




Carrier) OPERATING INSTRUCTIONS T/}

TYPE "L PURGE RECOVERY SYSTEM

The presence of even a small anount of water in a refrigeration system is to be avoided at all times;
otherwise excessive corrosion of various parts of the system may occur. Any appreciable amount of water
is due to a leak in one of the water circuits.

w

r~=
The pressure within a portion of the centrifugal refrigeration system is less than atmospheric; therefore

g the possibility exists that air may enter the system. Since air contains water vapor, a small amount of

w0 water will enter whenever air enters.

o

% The function of the purge system is to indicate air and water leaks into the refrigeration system, and to
recover refrigeront which is mixed with these gases. The air is automatically purged to the atmosphere,
the refrigerant automatically returned to the cooler as a liquid, and the water, if present, trapped in a
compartment from which it can be drained manucxlly. Thus the purge and recovery system maintains the
highest possible refrigerating efficiency.

Information regarding the Purge Recovery System 9. Sight Glass for the oil level in the compressor

is given below, with respect to the diagram and and auxiliary oil reservoir, located in the front

the items as numbered thereo\n: of the casing.

1. Stop Valve on main condenser. Open except 10. Oil Separator removes oil from the compressor
during repairs. discharge gas.

2. Pressure Reducing Valve in suction line to 11; Condenser cooled by air from a fan on tne
requlate the compressor suction pressure. See compressor motor. It liquifies most of the re-
page 37 for explanation of duty ond suqggested frigerant and water vapor contained in the
setting point, ) mixture delivered by the compressor.

3. Stop Valve in suction line, located in end of 12. Evacuator Chamber for separation of air, re-
the casing and marked " From Condenser." This frigerant and water. Flanged compartments
valve is to be open when the purge unit is in provide ready access for inspection or repdirs.
operation, and closed at all other times.

13. Inlet Opening from purge condenser,

4. Suction Pressure Gauge on front of casing.

14. Trap - Refrigerant, being heavier than water,

5. Compressor to be operated continuously when falls to the bottom of the trap and forms a seal.
the centrifugal compressor is operating, and As more liquid enters, the level is built up,

‘ﬁ’ before starting the machine, as required by the causing water to flow over the Water Weir
e 2  presence of air. (15) and refrigerant to flow over the Refrigerant
‘E W Weir (16).
C 4 6. Discharge Pressure Gauge on front of casing.
0.2 . 17. Settling Compartment A quiet area where the
:5.: -:"lﬁ.?' High Pressure Cut-out Switeh connected to water and refrigerant separate.
« + o compressor discharge. Adjusted to stop the
o z "33 compressor if the condenser pressure increases 18. Float Valve designed to open when the liquid
g g - _:. to about 110 lb because of some abnormal con- level rises, allowing the gas pressure to force
£ & mow dition, The switch closes again automatically the liquid refrigerant into the economizer.
~ & ® . onreduction of pressure to about 75 lb.
X O~ 2 19. Loop Seal prevents liquid refrigerant from
8 + 'S 8. Auxiliary Oil Reserwir This reservoir serves collecting in the water compartment.
r as a chamber to relieve the refrigerant from the
&ﬁ compressor crankcase to the suction line with- 20. Sight Glass on lower liquid compartment, visi-
L out loss of oil, and to contain extra oil for the ble at the end of the casing, shows refrigerant
;'5""" COMPIessor. level in the separator,
Ny
© supersepes SECT.  172-5
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Carrier)

Sight Glass on upper compartment indicates the
presence of water.

Stop Valve at end of casing permits water to be
drained from the upper compartment. The valve
is marked "Water Drain" and is closed except

Cap for draining oil from the compressor crank-
case and oil reservoir. Oil may also be added
through this connection if (a) a packless re-
frigerant valve is installed in place of cap at
this connection, and (b) the purge compressor
is operated on a vacuum.

when draining water.

Connections between quxiliary reservoir and
Automatic Relief Valve to purge air to the compressor crankcase.
atmosphere. See page 37 for suggested setting.

Motor and Belt not shown,
Stop Valve marked "Refrigerant Return', in
the retum liquid refrigerant line, located at the
end of the casing. Open only when purge is
operating. :

Wiring Diagmgn inside the casing.

Casing corﬁpletely encloses the purge recovery
unit ond is removable to provide access to the
equipment.

v

Stap Valve on economizer in the return refrig-
erant connection, Open at all times except
when machine is shut down for a long period,
or is being tested. -

See Sect. 17Z-5, pages 40 - 41, "Leak Testing"
for the use of the following parts:

Plug in oil filling connection of reservoir.
Pressuwe 1n the system must be balanced with
the atmospneric pressure to add oil through
this fitting.

32. Plugged Tee
33. Capped Tee
34. Temporary Connector Pipe

220V ~30-80,~

i

110V=14 -804

FUSED
¢ DILICONNECT SWITCH

--—-—-L'JTARTEI

|

MANUAL BWITCH -
{PREFERABLY IN =
COVERQF STANTEN

MANUAL 3SWITCH
VAPREFERABLY IN COVER
OF STANTER)

“ NOTE . ITEMS ABOVE DOTTED LINE
NOY FUN’?DI# @Y CARMIER

MOTOR- {/2 HP CORP FAC
220V -MW-80~

* NOTE: ITEMS ABOVE DOTTED LINE

NOT FURNISHED BY CARRIER
CORF FACTORY, € MOTOR-1/2WP -
. (HOV-H-80~

PURGE RECOVERY - -

PURGE RECOVERY
uNIT UNIT

dicial Disteict Courct

RLt -
to Protective order’
No. 91-1145

NOTES:
1. Starter wiring diagrams shown are suggestions only.

3. 220 volt, 3 phase motars are the atandard for the

Check atarter monufactwer’s wiring diagrams for
detalls, .

. 220 volts is the maximum voltage recommended in
the purge unit control circuit, If a higher voltage
motor is used, a transfarmer reducing from the line

purge compressat,

4, 110 end 220 volts, single phase; 208, 220, 440 and

550 volt, 3 phase motars are available for, the purge
units., Specify voltage and current characteristics
in purchase order to factory.

voltage to 110 voits for the control circuit {s rec-
ommended,

Subject
of l4th Ju

TYPE "L" PURGE UNIT WIRING DIAGRAM

SECT, 1725
PAGE 22
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Brine Storage Tank - 62A-60-618- The brine storage tank is a 5' OD tank by
6'0" high, The total capacity of the tank is 880 gallons, The tank
is designed for atmospheric storage. The tank is designed to hold
the contents of the brine system, so the tank should be nearly empty
the majority of the time. The tank cannot float against the line as
it will overflow, The brine strength should be maintained to give a
freezing point of around -40° F, The caustic strength should be
from 0.2 to 0.3 and chromate strength 0.4 to 0.5 as NaZCrZO7

Brine Circulation Pumps - 62A-55-867 and 868 - The brine circulation pumps
are Gould's 3196 size 2 x 3-6, The pump end is ductile iron. The
impeller is 5 5/16" which will pump 225 GPM at 100' head., The shaft
has a 55 sleeve. The motor is 15 HP, 3500 RPM, The seals are John
Crane, type 9, internally mounted,
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OPERATING CONTROL — MANUAL
There are listed below three methods for controlling the capacity output of a ma-

chin .
v owirrt gt li R Al i eempner Y .
2, Thfottling the suction of the compressor.
3. Increasing the discharge pressure of the compressor.
The three methods above are given in order of their efficiency. At partial loads

the power requirements will be least if the compressor speed is reduced - not quite
as low if the suction is throttled -~ and highest if the condenser water is throttled

to increase the discharge pressure.

nbyw ritor ( r

oller whiye nserts d rent am s of res ance in the

ol isj] obtain
moving re ce.,

Suction Domper Control (No. 2) is obtained by means of a throttling damper built
into the cooler suction flange. By throttling the compressor suction, the pressure
differential through which the compressor must handle the refrigerant vapor, is in-
creased. The centrifugal compressor has a very flat characteristic, i.e., the pres
sure differential against which it will deliver, is definitely limited by the speed
at which it is running. Consequently, increasing the differential will result in a de-
crease in the amount of refrigerant pumped. Therefore, throttling of the suction of
the compressor is a very effective method of capacity control.

t Court

Suction damper control requires somewhat more power at partial loads. This is som -
times over-balanced by its effectiveness in maintaining stable (non-surging) opera-
tion to lower loads than the variable speed control. For this reason, some machines
are equipped with dampers even though the main control has variable speed,

ctive QOider
istric

al D
91-1145

Condenser Nater Control (No. 3) is very seldom used. When machines are arranged to
use city water or other costly water for condensing purposes, it has advantages.
Again the flat compressor characteristic explained under Suction Damper Control
above, makes the condenser water throttling control possible. By throttling the con-
denser water, the condenser pressure is increased. This increases the pressure dif-

ferential on the compressor and reduces the capacity.

dici
No.

»

CONFIDENTIAL+
to Prote

Occasionally the lowest speed available by means of the variable speed control
urnished, may be insufficiently low to meet the operating conditions. In such a
ase the condens r water may be throttled and the ¢ mpressor speed requirement’

brought up into the range of the speed control.
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Automatic Suction Damper Control -~ Synchronous or Squirrel Cage Motor

WITH POSITIVE
CONTROLLER POSITIONER

DEVICE

Ol sverion
DAMPER

IN COOLER %
SUGTION

FLANGE
NORMALLY
CLOSED
WITH AIR OFF

oy

THERMAL BULB IN
BRINE LEAVING

COOLER

For automatic damper control, a temperature controller regulates the degree of
damper throttling by supplying to or bleeding air from a pneumatic damper motor.

Automatic Conddhger Water Control - Constant or Variable Speed otor Drive

ERSE ACTING TEMPERATURE R
CONTROLLER PPLY

“NORMANZLY OPEN"
PNEUNATIC

VAL \

CONDENSER

sL 009062
HERMAL BULB
amusj LEAVING
T COOLER

For automatic Conden Water control, a "normally open" Qiaphragm valve in the conp-
denser wat2r dischargd is automatically positioned in respond¢ to changes of the deliv-
ered brine temperaplre, This i1s done by means of a Reverse A ng temperature con-
troller which supfilies air to or bleeds aif from the valve dlapMgagm. A similar con-
trol may also applied with the bulb in the leaving condenser wld¢er for conservation
when water 1a scaroe or expenaive.

CONF1 DENTIAL:
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P st Y frotective oOrg
@f 1l4th Judicia)l District cgr ¢t
SUPERSEDES - . No. 91-1145 ur
PAGE 29 -112-
DATE 12144




st OCERATING NS RDU ECNS

Pa A e ke s g e a0

BY~PASS -~ HOT GAS TYFE

;)'

' . One of the characterintics of a centrifugal compress ' 1e the -
fact that the ~ompressor will "surge" 1f the suction volume is reduced -

below a certain limit., Surging will occur when the evaporator does not
‘earry a large enough load to evaporate a sufficlent amount of refrigerant.

Surging of a centrifugal compressor is perfectly natural. Occasional

surging will not damage a centrifugal compressor, however, continued gl
surging will heat up the compressor and may ultimately cause high bearing
temperatures. The operating efficlency of the compressor during perlods %g
"+~ ., of surge 1s extremely low and the effective temperature 11ift that can dbe Y=y
“ . U achieved 1s reduced. JFor this reason a hot gas by-pass when desirable 1s o
e 7%, inetalled between the condenser and the evaporator to keep the compressor- > fz
) ' . out of the surge reglon. See note at end of this section. The by-passe

should only be operated when necessary, that is, when the compressor
'~ would otherwise begin to surge. As soon as the load has increased beyond

the surge point, the by-pass should be closed.

Since the gas leaving the condenser 13 hot, continual byhpassing

of this gas might cause the compressor to overheat. For this reason,
- an automatic liquld 1nJection device is connected to the by-pass and th .
" temperature of the gas 1s reduced by flashing liquid refrigerant into the ’

gas stream.

' 7
Each autvor:i.. .:iquld injectlon system cor..ises a palr of

flanges (one of which is special) in the not gas lir a liquid line

from the condenser to the special flange, and a liqu line strainer with

© two shut-off valves,

Coutt

As the by-pass valve i: opened, a pressure drop will exist

across the orifice which 1s a function of the rate of gas flow through
... -+ the orifice. In other words, the higher the flow of hot'gas through the
i .7 - ‘by-pass and orifice, the lower the pressure below the orifice will be-
B come in relation to condenser pressure, and the greater will be the avall~

able pressure drop to force desuperheating liquid through the ..quid line,
. Thus, as the amount of hot by-p.ss gas is increased or decreased with .
- operation requirements, dy opening or closing valve, the amount of de-

superheating liquid forced through the liquid line is correspondingly

and automatically incroased or decreased. i

91-114% -

to Protective Order.

CONFIDENTIRL!
dicial District

Subjact
of 14th Ju
. Wo

3 The two shux-off valves (@) inz the liquid line (L) are normally
N .to be left wide open and will be closed 3nly to service or clean the dirt
ke oo .strainer (). It should be noted that :i.e special flange (D), through
© " "7, . . vhich the iqu.i enters the hot gas stream, Jjust below the orifice (Plate F),
P .. . 18 instailed at a slightly higher level than the surface of the liquid lying
LT in the botiom cf the condenser. Thus, when no hot gas is flowlng through i

the by-pass, there will be no liquid flow.
The special flange 1s used merely to provide a means of distridute

‘ - .ng the liquid into the hot gas stream, below the orifice, as evenly and as
' finely as possible. The flange is made with a groove in one face, for the

P cirecumferential di tiibuxion of liquid., The liquid then enters the gas
. stream through a wide slot, formed between the undercus inner face of
. . the flange and the oriﬁce plate. | .

NQEEL In some cases it is possible for greater efficiency to use a, artial,
b{ ass the condenser gaa going to a compressor stage other than
) suc ion, by means of the connection from an econ mizer. r. ‘
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PURCHASED PAKIY 55

CIFIGCATIOUINDS

. pAYL  B/25/ut PaGE 1 or 1
: S CHANGLD ALDLD |WUPERAZOLD:
REGULATCH, BACK PRESSURE, REVERSE ACTING POSITIONEW PeR wo. SLE NOTL 2 e
MFG'D BY: BLACK, SIVALLS & ERYSON INC, .
MR'S TYPL: TOmf tmP=R.
STYLE: DOUBLE PORTCD NORMALLY CLOSED DIAPHRAGM SPRING LOADED CONTROL VALVE
- TYPE: VALVE TO CLOSE ON AIR FAILLRE. TOP ¢ DATTOM GUIDED THROTTLE PLUG.
NORMAL OPEN AIR PRESSURE: VALVE TO CLOSE AT 94, FULLY OPEN AT 3§ ON D):'sRAGM
MiX. STATIC PRESS. ON BOOY: 175 PSI AT 100°F. ‘ e .
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SERV ICE: REFRIGERANT 11, 12, 113 \‘\ -
MATER IAL! B0DY - 125 PSI FLANGED CAST IRON, STAINLESS STEEL TRIM A
STEM — STAINLESS STEEL ‘ ‘\\
PACKING — TEFLON RN
., DIAPHRAGM = BUNA "N" WITH NYLON FABRIC INSERT N
, ‘ .
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84 v OPERATING INSTRUCTIUONS Larrier )

PART IT =~ OPERATION
STARTING
GENERAL INSTRUCTIONS

1. Check o1l levels, etc. for compressor, motor, gear, turbine, couplings, etc.

2, Start condenser water through condenser, being careful to avoid water hammer.
3. Start "brine" circulation through cooler, being careful to avoid water hammer.
4, Be sure air pressure is available for any air operated controls.

5. If a great deal of air is in the machine, run purge unit to remove it. This
will practically never be necessary unless a vacuum of more than 10 inches
has been broken by admitting air. In any case, start the purge recovery unit
before starting the machine. To start purge recovery unit, open valves 3 and

21 (see descrigtion of pur§e recovery unit and also diagram) and turn start-
ing switeh on front of casing, to "On" position. The unit should be operated

continuously while the main machine is running.

On synchronhous motor driven machines, close suction damper only as far as.
necessary to start and then omen damper as soon as compressor reaches full speed.

B E L ey T S gy R S )
Sl L Dty e e T T T T T irelveriniron

10
plerT auxiliavy oil pPump
n motor driven ma inesi lose holding circuit for safety controls by hold-

ing button on motor pane 4 Second/s

Bring machine up to speed, observing seal oil gauges to make sure oil pres-
sure is developed. II oil pressure does not develop within 10 seconds, stop

machine and re-start.

On automatically controlled machines, opening of the air supply to the control-
ler causes the machine to come under the supervision of the automatic control.
See Part 1, under the heading of "Operating Controls®™ and "Safety Controls”.

Open cooling water valve supplying compressor oil cooler, gear or turbine oil
cooler and seal jacket. The water to compressor oil oofer should be kept
low until the highest bearin% temperature reaches 130", Then adjust to give
140" to 180" bearing temperafture. Keep under observation, the temperatures
of 8.1 bearings on compressor, gear, motor or turbine until they have level-
ed off at a satisfactory point.

Immediately after starting, there may be a period of surging until evacuation
of air from the condenser has been completed. During this period, the ma-
chine should be run at high speed. The high speed will produce a high con~
denser pressure and accelerate the process of purging. Bowever, the con-
denser pressure should not exceed IE 1b./sq. in., gauge during this period

and the input current on the motor driven machines should not be run over
100% of the full load motor rating (see motor name plate). Do not overcool
evaporator or non-freeze control will stop the machine. As soon as the ma-
chine has steadied and all air has been purged, the speed or damper may be
adjusted to give the desired "brine" temperature.

Ng. 31“1145

If surging persists after all air has been purged and speed has been adjusted
to give the desired brine temperature, it is an indication of a light load.
Surgin% operation is perfectly normal for centrifigal compressors . and 1s no
cause for alarm. At very low loads, (10% to 20% of full load) surging will
cause the compressor to overheat and bearing temperatures will go above
normal. Continuous ogeration under such conditions is inadvisable. If con-
tinuous operation 1s desired under these extremely light load conditions a
by~-pass may be necessary.

CONFIDENTIAL:
st to Frotective Order
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Larner ) OPERATING INSIKUCIIUND YRIL

ROUTINE OPERATION

To increase o0il pressure, loosen the locknut on the regulator and turn the adjusting
screw clockwise (tighten it). To reduce o1l pressure, loosen locknut and turn screw
counter-clockwise. Maximum pressure (at high speed) 25 1b. - minimum (at low speed) §
1b. approx.

»*

Adjustment of the amount of cooling water through the vump chamber coil, controls
01l temperature. Bearing temperatures as shown on the bearing thermometers, ordin-
arily should be from 140° to 170°, but under some bperating conditions may go beyond
this range. 0il temperature should not be too low, to prevent excessive absorption,
of refrigerant in the oil.

The 01l filter should be replaced periodically depending on the service, but at least
yearly as its main purpose is to protect the seal. The thrust housing strainer should be

cleaned yearly.

Record the addition and removal of oil on the operating log so that the reasons for
any excessive amounts can be investigated. Change o0il yearly.

All oil valves are set and locked during factory tests on the compressor. Adjustment
by the operator of any valves other than the pressure regulator should be made only
after proper diagnosis.

See that oil is at proper levels in all parts of the oiling system as explained in the
various instructions. A* h“ \“‘ II\W“ u,“‘\- \s d,w“

Do not permit cooling water to flow through the oil cooler or seal housing cover ‘on
shut down. This minimizes refrigerant absorption on the oil.

During shut-down, the oil will absordb refrigerant. The colder the oil the greater the
absorption. The higher pressure during shut-down the greater the absorption. On start
up, the pressure reduction may cause the refrigerant to boil out of the oil with re-
sultant foaming. Excessive foaming 18 a possible cause of 01l being carried into the
refrigerant spaces. The electric heater minimizes these conditions.

CHECK ALL SAFETY CONTROLS PERIODICALLY, BUT BE CAREFUL NOT TO OVERCOOL THE BitINF
CAUSING DAMAGE TO THE TUBES.

The three primary duties of the average operator are:

1. To adjust the refrigeration output to the requirements of the load with th wuse of
the least power.

3. Maintain complete and clear records of the operating conditions including all tem-
peratures, pressures, speeds, and control positions - also refrigerant and oil
levels and amount of each when charged or withdrawn.

3. Inspect and maintain the equipment and furnish the necessary servicing such as
lubrication, painting and simple adjustments. ‘

In carrying out No. 1, the operator should know approximately at all times the amount
of load being carried by the machine and should through experience have a general idea
of the freguency, magnitude and time of load changes which normally occur. In this way
he 15 prepared for many of the load changes and may achieve real economies by ither
cooling down slightly before an increase in load so that the machine does not have to
be pushed or by unloading and saving power before the load goes off.

To increase the output or reduce the temperature of brine being delivered by variable
speed machines, it 1s only nec ssnry to increase speed. To reduce output or raise tem-
perature, reduceé speed. & 1

SUPERSEDES CONFIDENTIAL s SECT. (725
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b b OPERATING INSIKUCIHIUND @J

If circumstances arise (low load and cold condenser water) where the control cannot

urther reduce speed but still less load or higher brine temperature is required,

“throttle the condenser water, This will raise the condensing temperature and require
higher speed bringing the required speed within the range of the control. The output
and delivered brine temperature of constant speed machines with suction damper control
is regulated as follows: Open the damper to increase load or lower brine temperature.
Close damper to reduce load or raise brine temperature. The damper should always be
closed on starting.

On machines equipped with variable speed drive and suction dawper control, it is
often possible, at the expense of a slight incieased power requirement, to stabilize
the compressor at low load by partially olosing the damper. At the same time the speed
will have to be increased to counteract the pressure drop acrosa the damper and still
maintain the same brine conditions and load.

ge problems of operation naturally increase when the refrigeration installatioj
cons)gts of more than one unit, To achleve the greatest economy, the output of afliltiple
units wperating together on the sawe load must be balanced.

To obta a balance with multiple units, it is first necessary to balgste the brine
and condendkr water rates so that the flow through each unit is propopfional to its
full load raNng. For example, suppose the plant consists of two up#is; the smaller
unit rated at Xp0 tons and the larger one at 500 tons. Suppose tp€ total brine flow 1is
1600 gpm and thé\total condenser water flow 1s 2000 gpm. The tgfal plant capacity is
800 tons. Dividind\the total brine and water gquantities by t€ total plant capacity,

w obtain: )

180 -
Brige rate == '—Ba“g‘zzﬂpmper tg N

2000 '
Condend¢r water ratec —336‘==2 /2 Gpm per ton

The flows of brine and conddgser water should then be:
Brine Flows

AN CONF1DENTIAL:
Small Machine gpm= 300 x 2 = R0 Gpd Subiject to protective Order

Iarge Machine gpm= 0500 x 2  of 1l4th Judicml Diﬂtt;ﬁt CHukt
Total 1900 Qpm No. 91+«1145

Condenser Flows

Small Machine gpm = 300 x /2 = 760 Opg

Iarge Machine gpm— 600 x£-1/2 = 1250 Gpm

Totd 2000 Gpm

If flow meters are pbt available for making these low adjustments, they may be made
by observing the prg€sure drops across the coolers and\gondensers. The gauges used for
indicating these pfessure drops should be located so they read only the drop across
the cooler or cofidenser and do not include any additional Pdping, valves, or fittings,
For pressure ¢fops not exceeding 15 1b. per 8q. In.,, one 36" Wgrcury "U" tube may be
connected acyoss the coolers and condensers of one machine afteNanother and the pres-
sure dropsgrecorded.

Dus tyf the complexity of the calculations to obtain the relation bedwgen these pres-
sure gfops on multiple machine installations, it will be necessary for yd to obtain
thigfspecifically for your installation. It is advisable to perform this baSancing im- .
mefflately after installation while the Carrier operator 1s avatlable. He will Rasist '
bu in th proper procedure. .
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@ie/l‘) OPERATING INSTRUCTICNS 4 bl

gn proper balance of flows has been made, the valve positions should be noted ang

it is only necess
the temperature di

tion is5 alike. The temw
The plant is then operati
tionate share of the load.

temperature differences alike. When load e

coolers and condensers will become less

¥ coolers in opera-
$#”be used as a guide.
is carrying its propor-

we¢es the temperature differences across the

gnce will indicate when machines may be

s operating. The load should, of course, be divided equally between the unitsni

operation as explained above.
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§7 BV OPERATING INSTRUCTIONS @)

PURGE RECOVERY UNIT AND REFRIGERANT LOSSES

The opefation of the purge recovery system is automnatic, once it is placed in operation by turning switch on
side to "ON" position and by opening valves 1, 3, 21 and 22.

An increase in head pressure in the condenser, which pressure occurs either suddenly or gradually during
operation {all other conditions of load, speed, temperature, etc., remaning uniform), indicates the presence of air.
Observation of the difference between outgoing condenser water temperature and the temperature shown on the
condenser gauge may also be useful in determining the presence of ar, since an increase in this difference under
the same circumnstances as outlined above may be caused by air. Similarly, an increase in the cooler pressure (or
decrease in the vacuum) over the pressure cotresponding to the cooler temperature, during operation, may be

coused by air. .

The air should be removed by operation of the purge unit until normal pressures are re-established and the cause
of any «ir leak found and corrected. The purge must be operated continuously when the main machine is operating.

'

Since soine refrigerant leaves the purge recovery relief valve with the air purged, excessive air ledkage into the
nachine will cause excessive refrigerant loss. The normadl refrigerant loss for these machines depends on operating
condinions. The type of operation, however, is something over which Carrier has no control. Therefore Carrier
zannot assume responsibility for refrigerant losses.

Keep careful logs of refrigerant charged and the shutdown level in the evaporator. Excessive refrigerant loss
ould be noted and the cause corrected. \

If a machine operating with a pressure (not vacuum) in the condenser is perfectly tight or leaks only slightly
during operation, but shows a large gain in air when shut down under vacuum for a few hours, a serious leak
2xists on the high pressure side of the system. Such a leak will leak outward during operation and will result in a
refngerant loss. It should, of course, be found and corrected.

The removal of moisture from the machine is even more important than the removal of air. This is alse
zccomplished by the purge recovery unit. The source of moisture in a machine may be either humidity from the air
ieaxing 1n or a small water or brine leak in cooler or condenser.

If any amount of water is removed by the purge, a ledk is indicated. Air leakage, as indicated by high dis-
charge pressure on the purge or discharging of air through the purge relief valve, can account for small amounts
of water, since the air entering the machine will contain some moisture. If no dar legkage is indicated, water in
.he purge is an indication of a direct water leak. All leaks must be repaired immediately, or serious damage to
.he tubes and other intema machine parts will result.

The purpose of the purge is to indicate leaks, not to pump air and water through the machine. A continuous
water leck is dangerous, even though the water is continuously removed. Corrosive products entering with the
water cannot be evaporated and removed.
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OPERATING INSTRUCTIONS i £V

Pressure reducing valve 2 (See Purge Diagram) must be adjusted to produce a suction pres=
sure on the purge recovery unit, which will not allow condensation in the suction line be-
tween valve 2 and the purge recovery unit. If condensation occurs, the condensate will run
into the crankcase of the purge recovery conpressor, causing foaming and excessive oil
loss. The table below 15 a guide for adjusting valve 2, When this valve is wide open,
there ex1sts & pressure drop of a few pounds across the valve. Consequently, the suction
pressure cannot be adjusted higher than a few pounds below the machine condensing pressure.

The adjustment of relief valve 20 in the purge recovery unit must also be related to
the room temperature for best refrigerant recovery. Adjustment may be made with a screw
driver by removing the top of the purge recovery unit casing. For recommended pressures
providing condenser pressure permits, see table below.

If large quantities of air, without refrigerant, are being removed from the machine
(such as, after repairs, before recharging), the rate of removal may be increased by
discharging the air from the water removal valve 19,

Room Air Temperature 68 78 85 a8 105 115
Suction Pressure (Maxi-

mun allowable) By Ad- 5" Vae. 0-1b. 3.5 1b. 7-1b. Wide Wide
Justment of Valve 2 : gauge gauge gauge Open Open
Relief Pressure - By 76-80 75-80 | 96-100 | 95-100 | 108-110 [105-110
Adjustment of Valve 20

If liquid rises to the upper glass, normal delivery of refrigerant has ceased because
valve 21 is c¢losed or because the float valve 18 not opening. If liguid 1s not visible
in the lower glass, the float valve is failing to close properly.

seen on top of the liquid refrigerant, through this
amount of water entering with air, is small. Ac~
collects regularly, a leak in cooler or condenser
located and corrected.

If any water colleets, it will be
glass and it should be drained. The
cordingly, if an appreciable amount
hr3 probably occurred which must be

-
®

Use the same o0il in the purge compressor as 1s used in the main compressor. To add
o1l shut down the compressor, close valves 3 and 21, remove plug 24 in top of oil sight
glass and add o1l. 01l can be drained through plug 25. Check 0il level daily. 0il level
showing at any point in the glass with compressor running or shut down is satisfactory.
011 level is subject to considerable variation.

Check belt tension periodically to prevent slipping.

Check relief valve daily for tightness when closed to prevent loss of refrigerant.
Keep condenser clear of dust by brushing monthly.

High pressure cut-out shuts unit down if condenser pressure reaches 110 1lb. for any
reason.

CAUTION:

Single phase motors have "in-built" thermal overload stopping motor on overload.
CAUTION: This automatically re-sets itself to start motor after a few minutes.

It automatically remakes contact to start unit on 76 1lb.
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bf gl OPERATING INSTRUCTIONS Carrier )

SAFETY CONTROLS
Instructions for adjustment is printed on, or inside, each cut-out device on the
panel.

The usual settings, which are subject to considerable variation are as follows:
Low oil pressure A cuts out at 6 1b. and in at 12 1b.
High condenser pressure B cuts out at 15 1b. and in at 8 1b.

Refrigerant temperature cut-out C 1s set by the erecting engineer after operation
according to each job to cut out slightly below the minimum design temperature with
proper regard to freezing point of the "brine" used. It cuts in on a rise of several -
degrees. The chilled water or "brine" temperature cut-out D is set after operation to
cut out slightly below minimum leaving chilled water temperature. It cuts in on a rise
of several degrees. The performance of these controls should be observed during oper-
ation and should be tested at least yearly to insure correct functioning.

Operation

The only difference in motor and turbine panel functioning is due to the different
methods that must be used in shutting down a motor and a turbine, In the case of the
motor, it is simply necessary to shut off the power by electrically de-energizing the
low voltage release. In the case of the turbine, it 18 necessary to shut off the
steam by mechanically tripping the overspeed mechanism. In each case, low compressor
oil pressure, high condenser pressure, low refrigerant temperature and low leaving
chilled water or "brine" temperature will shut down the machine. Low 0il pressure may
damage bearings and seal —-- high condenser pressure may cause overloading of compres-
sor, gear or motor and may result in damage to condenser. Low refrigerant or “brine®
temperature may cause bursting of tubes due to freezing. Therefore, it is necessary
to limit operating pressures and temperatures. '

With the motor driven machine, as far as the safety controls are concerned, on
starting the only operation is to hold momentary contact button P, which shorts out
the low pressure cut-out since, until the compressor is running, no oil pressure ex-
ists and contacts A are open.
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@) OPZRATING INSTRUCTIONS 7 Bvi

gr the start button has been push d and the relay assumes the position descr
above, a operator manually sets the turbine overspeed trip mechanism. There no
mechanical coquection between the overspeed trip mechanism and the solenoid gflunger
which operates After the trip mechanism has been set by hand the opepftor is free
to manipulate his SWwgam valves, casing drains and any other equipment gcessary. When
the turbine has been gwlisfactorily warmed up and drained of condengfite, the operator
may bring the turbine cobgressor unit up to operating speeds, as gutlined in the
standard operating instructhgns. As soon as compressor 0il pregfure has developed a
¢ircuit is completed through ®e oil pressurestat into coil 6. 1 through contacts A
and B of the mechanically latcheW relay. When this coil is£€nergized, the m chanic-
ally latched relay shifts position™o that shown in Sket 2. This breaks the oil
pressure by-pass and cuts the oll prégsurestat into theontrol circuit. The solenoid
is heid in the up position by the circlit going througfi contacts G and H through the
stop button and into the solenoid coil ahd then bacl/to the line. The pilot goes out
and the contacts are made .which sets up thé connecg¥ions ready for the operation of
coil 2 when the start button is pushed. :

If any one of the safety devices opens, the Yolenoid plunger is released and the tur-
bine speed trip is given a sharp mechanical S o¥ which releases the valve and, 1if it is
present opens the vacuum breaker. If the c¢#nditidyp clears itself immediately, the con-
trol circuit assumes a safe position ang/the solengid plunger is re-energized. Howev r,
the overspeed trip mechanism must be péset manually\pefore further operation is pos-

gible:

If the pilot light L remains op/, it is an indication {hat the compressor oil pressure
has not reached a satisfactory fperating point. '

If the start button is puhed during the operation of the\unit with all of ‘the safety
devices in a safe positiopf all that will happen 1s that the\elay will shift to th
starting position and impfiediately snap back to the run positiog., There is sufficient
overlap in the contactfd E, F, G and H so that this should causego difficulty or inter-

ruption of service.

The unit may beAStopped during a normal shutdown by just pushing €%e Stop button
which momentar breaks the solenoid circuit causing the plunger to fqll. Or, the
steam throttls valve may be closed manually or the overspeed trip mechardism released
manually. egardless of the method used, as soon as the compressor has régched a low
enough sped so0 that it 1s not maintaining satisfactory oil pressure, the s&fety con-
trol cprcuit will function in its normal manner and release the solenoid plunpgr. This
meang’ that the turbine overspeed trip mechanism must be reset at every start-uph\of the

egulipment.
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i i OPERATING INSTRUCTIONS (Larrer)

REFRIGERANT

In ordering refrigerant, be sure to specify Carrene No. 2. Other refrigerants are

used in different types of Carrier machines.

CHARGING REFRIGERANT
CAUTION: At temperatures above 74°F. the drum will be under pressure., Therefore to
prevent loss of refrigerant or personal injury, never open drums to atmosphere when
above this temperature.

While it is possible, when the refrigerant in the drums is below 60° F., to charge
from an open drum without loss, it is recommended that a leakage-tight connection be
made from the drum to the charging valve on the side of the cooler. To assist in this
procedure, a special type of plug is furnished in the side,of each drum.

This is a 2" plug in which is inserted a smaller 3/4" plug. Inside the drum, covering
his 3/4" opening is a friction cap similar to a bottle cap. This cap prevents leakage
nto or out of the drum when the 3/4" plug is unscrewed and removed.

T0 CHARGE THE MACHINE WITH REFRIGERANT AFTER INSTALLATION, proceed as follows:

The machine will be under a high vacuum as required for the test and dehydration.
1. Make up a 3/4" nipple into a standard globe valve and Close the valve.
2. Remove the 3/4" plug described above.

3. Scre~ the valve with nipple inte the opening, turning it in far enough to pﬁsh of'f
the inside cap. Open the valve glightly for indication that the cap is off,

4. Elevate the drum in a horizontal position by means of a chain hoist or proper sup-
port, near the cooler charging valve and high enough to allow the refrigerant to
flow, as a liquid, by gravity from the drum into the cooler charging valve.

6. Rotate the drum so that the valve is at the bottom.

6. Connect the two valves with a piece of copper tubing and the necessary fittings,
making all joints tight.

7. Open both valves and allow the refrigerant to be drawn in by the vacuum of the
machine,

8. When drum is empty, as determined by shaking it slightly, close valve on cooler
and disconneet the drum. Remove the drum valve for use with the next drum.

TQ ADD REFRIGERANT to a machine to bring the refrigerant level up to standard, pro-
ceed as above, or simply allow the refrigerant to be drawn in as a gas frowm the drum
resting on the floor. The refrigerant can be added while the machine is in operation or
idle.

See section on Cooler for proper refrigerant levels to be maintained.

It is a good plan to ﬁeep on hand enough empty drums to hold the entire charge of re-
frigerant in the event it ies desired at any time to remove the refrigerant for repairs
or for storage during seasonal shut-downs.

REMOY ING REFRIGERANT OR TESTING FOR LEAKS

To remove refrigerant from the cooler, the following procedure is recommended. Inject
air into the machine until a pressure of 0§ 1b. gauge exists, using the purge recovery
system as outlined below. Connect tubing to the charging connection and allow the re-
frigerant to blow out into drum. In removing refrigerant, less loss will occur
if the refrigerant is cold. Always 1 ave space in the drum for expansion to prevent
excessive pressure when the drum warms up.
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@) UPERATING INDIKUGIIUND 1 7 0w

The purge recovery system can be used to develop an air pressure in the centrifugal machine for the purpose
of removing refrigerant or for testing for lcaks. See diagram of unit.

For this purpose, plugged tees 32 and 33 have been provided together with a separate connector pipe 34.

To build up a pressure in the machine with both the centrifugal machine and the purge recovery unit shut-

down, proceed as follows:

Open valve 22 to drain any water that may be in evacuator chamber, and to relieve the pressure in it.
Leave valve open. .

Close valves 3 and 24,
Remove plug from 33 admitting air to the centrifugal machine end breaking vacuum.

Connect pipe 34 to 33 and to the water drain connection at bottom of cabinet, as shown by dotted line in
diagram,

Remove plug from 32.

Close switch, placing purge recovery unit in operation, Continue operation until required pressure is
reached (usually 5 lb. and not more than 8 1b.).

If air pressure is developed in the system for the purpose of testing for leaks while the system is charge'd
with refrigerant, the air should always be evacuated through the purge recovery system to conserve refriger-

ant, as follows:
Stop purge recovery unit,
Close valves 25 and 22.
Remove pipe 34 and replace plugs in 32 and 33.
Open valves 3, 24 and 25.

Start recovery unit and evacuate air,
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@) OPERATING INSTRUCTIONS YA

COOLER AND CONDENSER
The only operating duties pertaining to the brine cooler and condenser are:

1, Maintaining the proper refrigerant level in the cooler.
2. Maintaining the tubes of both cooler and condenser in an efficient condition.

The correct refrigerant charging level as indicated by the cross wire on the sight
glass must be observed when the machine is shut down. The initial shut down level
should not be lower than 1/2" below the cross wire.

Maximum Distance
Size Cooler Charge in Lb. below Cross Wire
for Minimum Leve]l .
In.
2] .
~ 3 700 16/16
o 4 700 1-1/8
o 5 ) 800 1-1/8
‘g 6 1100 , 1-1/8
= 7 1200 1-1/4
on 8 1800 1-3/8
9 2000 1-1/2
10 2800 ' 1-1/2
11 3800 1-1/2
12 5200 1-1/2

After the machine has been in operation for an indefinitely long time, the shut down
liquid level will reach the values given in the above table, due to loss of refriger-:
— ant. When this condition has occurred, additional refrigerant should be charged into
. the system to bring the refrigerant shut-down level up to, but not higher than the
cross wire.

Coolers should not be overcharged unless specific instructions are received from
Carrier Corporatiqp.

A method of determining whether the tube bundle of either cooler or condenser is op-
erating efficiently or not is to observe the relation between the change in temperature
of the condenser water or brine passing through the tube bundle and the temperature
difference between the leaving water or brine and the refrigerant temperature. In most
cases, the brine and condenser water rates (Gpm) are held constant. Under such condi-
tions the temperature change of brine or condenser water is a direct indication of the
load. The greater the load, the greater will become the temperature difference between
the leaving water or condenser cooler "brine" and the refrigerant.

The values of these temperature differences at full load should be noted when the
machine is first operated, and a comparison made from time to time thereafter., As
coolers or condensers become dirty or scaled on the water or brine side, the tempera-
ture differences between leaving water or brine will increase. An increase of more than
2° or 3° (at full load) indicates that cleaning of tubes should be undertaken,

In taking readings of the temperature difference between leaving condenser water and
condensing temperature (read from condenser pressure gauge) always be sure no air 1is
present in the condenser. The presence of air will greatly reduce the condenser effi-
ciency. The purge unit should be in continuous operation for a day before readings are

n.
take CARE OF TUBES IN COOLER AND CONDENSER

Careful, regular attention to the condition of the tubes particularly in the condens-
er, 1s absolutely necessary not only for good performance, but to secure best possible
life. Neglect, particularly during the first season of operation after installation,

IAL:
SUPERSEDES -126- CO“me:;ctive oxder  qer rzs
PAGE 3 gubject to Pro pistrict CouT 4, qk a
DATE  12.1.44 £ 14th Judici?;;b 145 DATE  1.2.46
o -




@J OPERATING INSTRUCTIONS g7 ki

SHUT-DOWN PERIODS
There are two types of shut-down periods:
1. The stand-by shut-down during which the machine must be avallable for instant use.

2. The extended shut-down during which the machine is definitely out of service.

STAND-BY SHUT-DOWN. During this type of shut-down:
1, The purge recovery compressor should be operated as necessary to keep the pressure
in the machine slightly below atmospheric.

2, Care should be taken to keep the machine free of leaks.

3. If building up of wachine pressure* is due to a warm machine room rather than the
leakage of air into the machine, a small quantity of water below 70° circulated
through the cooler or condenser either intermittently or continuously will hold
the machine pressure below atmospheric, or sufficient cooling effect can be ob-
tained from periodic operation of the purge recovery unit to accomplieh the same
result.

4. Unless other reasons prohibit (electric service demand charge or lack of steam),
the machine should be operated a few minutes only, once a week to circulate the
0il and reduce the refrigerant temperature.

CAUTION: In following this instruction be sure the refrigerant temperature in the
cooler is not lowered below the freezing point of the water or brine in
the tubes.

L~ 5. Maintain oil level in seal reservoir and in suction damper stuffing box.

6. Maintain machine room above freezing temperature.

EXTENDED SHUT-DOWN. If it is known that the system is free of leaks and the purge r -
covery unit satigsfactorily holds down the machine pressure, it is sufficient to follow
the instructions for stand-by shut-down.

There are, however, additional precautions that should be taken when the machine is

shut down for long periods:

1, If freezing temperatures are likely at the machine location, drain all wat r from
compressor, gear and turbine oil coolers. Also, drain water from the condenser,
cooler, seal jacket, steam condenser, pumps, piping, etc.

2. Under certain conditions during long shut-down, it is possible that the oil may
become excessively diluted by refrigerant. A certain amount of dilution always oc-
curs but the o1l level in the pump chamber should not be allowed to rise into the
rear bearing chamber. If this occurs, remove the entire charge of o0il from the
machine and tag motor switch or turbine accordingly.

3. In restarting after long shut-down periods, follow the instructions under the
saction on lubrication.
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INSTRUMENTATION

GENERAL

One of the major requirements in a plant like the HCl Plant is
gmooth, uninterrupted control of the plant streams in order to obtain
specification grade product, A distillation column cannot be operated
with varying flows, Columns can take hours to level out after an upset,
and rapid changes in operating conditions can cause such upsets with re-
sulting poor quality product. To obtain the desired type of control, the
HC1l Plant has been equipped with automatic instruments wherever practical.

A thorough job of instrumentation has been done on this plant, but
certain points must be understood to get full and efficient use of the
instruments, The instruments are the operator's tools, and how he uses
them determines how efficiently the plant will operate and how good will be

the quality of the product produced.

All important control points in the HC1l Plant are transmitted to

the operating room where they are continuously recorded or indicated. The
first indication of trouble within the plant will generally be from these
instruments, These should be continuously checked for indications of
abnormalities. Most of the records and/or indicators will be read and logged
on the data sheets,

The instruments serve as your safety guard, All points in the plant
which can cause serious trouble or operating difficulties have been
equipped with alarm devices to give warning when abnormalities ocecur. If
an alarm sounds for any reason, it should be checked immediately. Do not
ignore the warning system. It is there for your protection as well as for

protection of the equipment.
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ALARM SYSTEM

When an abnormality occurs, it will be alarmed by a horn blowing
and by a flashing light on the panel board. Under normal operation, the
warning lights will show green as long as a plece of equipment is in
operation. If a high flow, high pressure, high level, etc., occurs, the
horn will blow and the warning light will flash red. If a low flow, low
pressure, or low level occurs, the horn will blow and the warning light
will flash amber. Pumps are also connected to warning lights. As long as
a pump is in operation, the light on the panel board will show green. If
for any reason a pump is shut down or stops, the light will flash red. In
almost all motors in the area, the alarm horn will blow in addition to the
flashing light. The motors that are not connected to the horn are on
intermittant service and not continuously operating units.

The horn will continue to blow and the light flash until an acknow-
ledgement is made., This is done by pressing the acknowledgement button
located at the bottom center of the panel board. When this button is
pressed, the horn will stop and the light will stop flashing., But, until
the trouble is corrected, the light will show either red or amber depending
upon the nature of the trouble. When the correction is made it will change
back to green,

CHECKING ALARMS

A failure in the alarm system could result in serious trouble.
For this reason, the alarm system should be checked periodically to be sure
it is functioning properly. To check it, pull out on the acknowledgement
button and turn it to the high alarm. Check all warning lights to see if
they show red., 1If they do not, there is either a burned-out bulb or a

defect in the circuit - either of which should be corrected immediately.

SL 009079




Repeat this procedure for both the normal and low alarm position, Make this

check at least once per shift. 3afe operation depends upon this system's

functioning properly.

RECORDER=-CONTROLLER OPERATION

The recorder-controller instruments are Taylor Transcope Recording
Receivers and are provided with manual and asutomatic operation. Under
normal conditions, these will be operated on automatic control, but during
start-up or shutdown, or possibly in the case of trouble, the manual control
can be used. When on manual control, the process valve can be operated
from the panel board by regulating the output pressure to the control valve
with the set point adjusting knob on the lower right hand cormer of the
instrument facing,

The automatic valves go from full open to full close (or vice versa
in the case of an air pressure closing valve) at an output air pressure
variation of 15 to 3 psig. This pressure is indicated on the scale at the
top of the controller (on the insérument facing at the panel board). The
approximate opening of the valve is indicated by this scale, i.e. 9 psig
output is half open, 6 psig and 12 psig are 1/4 and 3/4 open or vice versa
depending on valve action, The output pressure will remain at the value
set by the set point adjusting knob while the instrument is on manual
control, and the valve opening will not vary.

When the instrument is on automatic control, the set point is
adjusted to the desired control point by the set point adjusting knob. The
instrument will then attempt to regulate the process to this control point
by opening or closing the automatic valve. At proper control, the set
point and the indicator pen will remain opposite each other. The opening
or the closing of the automatic valve to maintain this condition will be

shown by the variation in output air pressure.
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The recorder-controllers can be readily switched from manual to
automatic, or from automatic to manual control, but care must be exercised

when doing this. 1If the indicated control point and the instrument set

point do not correspond when the switch is made, a snap action of the

automatic valve will occur. This will serve to upset the system as well
as being hard on the instruments. The following procedures should be
followed when making the transfer to avoid "bumping" the system during the
change=ovex.

Manual to Automatic

1. Set the transfer lever at the '"Seal" position. This isolates
the control valve from the controller air circults and seals
the pressure that is on the control valve at that time,

2. Adjust the set point adjusting knob until the set pointer
indicates the same output pressure as the output gauge,

3. Set the transfer lever to the "Automatic" position. The
process is now on automatic control,

Automatic to Manual

1, Note the output pressure and then set the transfer lever at
the “Seal" position,

2, Adjust the set pointer with the set point adjusting knob
until it corresponds to the same pressure as noted in step
one,

Set the transfer lever to the manual position. The process
is now on manual control,

SET POINT CHANGES

The number one rule for operation of this type of plant is smooth
steady control., The purpose of automatic instruments is to provide this
control and they should be handled with this in mind.

The instrument set point can be set at the desired control point,
and the instrument will regulate the control valve until this point
corresponds to what is actually occuring in the precess. By raising or

lowering the set point, the control point is changed accordingly. It must
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be remembered though, that when a set point change is made, the instrument
will attempt to correct for this change immediately., If a large change

is made, this could result in complete opening or closing of the automatic
valve which could be severe enough to upset the system. Use small stepwise

adjustments and give the system time to "catch-up'" before making the next

step. This will result in a smooth change and little cycling of the process.
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ELECTRICAL SYSTEM

The electrical ties in the EC plant are fairly straight forward.
Dwgs. 62A-7100 shows the ties and typical circuitry necessary
for each motor.

The only thing unique about the EC electrical system is the fact
that the 13.8 KV source may come from ejither EDC or Per-Tri. Because of
this many different arrangements may be used in feeding the organics area,
see Dwg, 20A-901-1.

Normally the power for EC-HC1-VC will come from Per-Tri through
breaker 0-408 and disconnect 0-503, The Per-~Tri power comes from Powerhouse
Bus #1. Air Circuit Breaker 0-309 in the EDC switch room will normzlly be
closed with disconnect 0~502 open, the cable is hot but protected. Never
keep the cable hot by opening 0-309 and closing 0-502, as any fault in the

cable will cause the EC-HC1=-VC plants to come down by opening 0-408, Until

the H-138 feeder cable from the powerhouse to EDC is increased in size it

will carry only EDC, Per-Tri, EC-HC1l but not VC. Before any tie that would
connect EC-HC1-VC, when VC is operating, to the EDC cable the area super-
vision will have to determine the relative loads of the plants. In case

of an emergency, leave the units down until the proper decision can be made
by the area foreman.

Emergency ties may be made by the shift engineers until the VC plant
if running. Anytime a tie is made, even though it is an emergency, be sure
and take your time and do all things in proper sequence. Any omissions from
safe practices are forbidden.,

When the EC-HC1l bus loses power, the shift engineer should proceed
immediately to the EC-HC1l switchroom and take a quick look at the 13.8
system, odor and a visual check of the general area will suffice. If

CONFIDENTIAL?
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ozone damage is present then finish shutting the plants down. If the

trouble appears to be elsewhere:

1. Call Powerhouse Switchboard Operator (417), tell him you
are switching load from PH Bus #1 to PH Bus #4.

2. Open disconnect 0-503 (feed from Per-Tri).
3. Close disconnect 0-502 (feed from EDC),
If power is back on the bus and stays on, then start back up the
motors, I1f Power is not back, then nothing can be done. Per-Tri cannot be
tied to the EDC bus without considerable delay as disconnect 0-404 is inter-
locked with the powerhouse OCB, i.e.,, the OCB in the powerhouse will have
to be opened and the key removed and used to open disconnect 0-404. The
same thing is true with the EDC disconnect 0-301.
Normal switching of the power source for EC-HCI-VC will be done by
maintenance with the co~operation of operatioms. Although operations will
never make this switch, it is well that they know how and serve as a double-
check. The procedure is as follows:
1. Close 0-309 (in EDC) momentarily (be sure 0-502 is open), if
it doesn't drop out, the cable from EDC to EC has no fault,
Be sure 0-309 is open before proceeding.

2. Close 0-502 (in EC).

3. Call Powerhouse Switchboard Operator (417). Notify him that
load is going to be switched from PH Bus #1 to PH Bus #4.
The operator is to check and see that the synchronous tie
breakers are closed, Then the powerhouse operator is to
equalize the voltages on the two buses, The voltage meters
that must be equal are the ones on the EDC and the EC buses
in the respective switchgear rooms.

4, After voltages are equal, close 0-309 (in EDC).

5. Open 0-408 (in Per-Tri).

6. Open disconnect 0-503 in EC.

There are many other combinations of operating and switching that

may be done. Each procedure is similar to the one given above. It is best

courmawrxm; } order
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to remember that all of this switching is done with 13,8 KV present and
therefore any ties made into a faulted bus will cause some damage. Anytime
a tie is made into a bus that might have a fault the consequences of the
arcing damage must be weighed against the dangers of the plant having

only emergency power,
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LABORATORY PROCEDURES

HC1 ANALYSIS (ORSAT)

1, Test: Total Impurities in HC1l Product.

2, Apparatus:

a., 500 ml, sample bottle connectéed to 1000 ml. levelling bottle.
b. Fisher orsat,

3. Reagents:

a, Dilute aklaline arsenite.

b. Diphenyl carbazone - "chloride indicator',
c. 0.3419 N Hg(NO3),.

d. Phenolphthalein indicator.

e. 2.5 N Hp804.

f., Oxsorbent - 0y determination,

4, Sampling and Procedure:
a, Procedure for obtaining sample.

1. Fill both tubes of sample bottle completely with alkaline
arsenite.

2. Purge sample line approximately 2~4 minutes.

3. Connect sample line to tubing that runs to the bottom of
sample bottle,

4., Allow gas to bubble slowly into bottle, until at least
150 mls. of residual have been caught. (Mark on sample
bottle.)

5. Allow sample to reach room temperature before analyzing.

b. Orsat procedure.

1. Charge slow combustion pipette with 90 mis. of air.
2. Connect sample bottle to orsat and raise levelling bottle
above sample bottle.
3. Lower levelling bulb on orsat and open stopcock of measuring
burette first, then open stopcock on sample bottle, Then,
by pinching the tube on the levelling bulb, transfer approxi-
mately 20 mis, of residuals to orsat and record as Reading "A".
Discard through manifold. This will remove air from manifold
system,
4, Then transfer exactly 100 mls, of residuals to measuring
burette and record as Reading "B'". Transfer the 100 mls. to :
the oxsorbent pipette for storage. 1
5. Measure remaining residuals and record as Reading "C".
Discard through manifold. Close off stopcock above slow
manifold and the manifold from the atmosphere. This step
is important, in order to prevent contaminating sample with
air, Readings A + B + C = Total Mis, Residuals (''D").

o coﬂf‘l"gﬁiﬁve O urt
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6. Returnvgas from oxsorbent pipette to measuring burette 2-3

times or until consecutive readings are obtain d. Record

as Reading "E"., Reading "B' - Reading "E" - Mis. 0,.

Turn on filament in slow combustion pipette.

8. Return all gas to oxsorbent pipette except 10 mls., which
will be burned for H; determinationm,

9. After getting exactly 10 mls., pinch off tubing on levelling
bulb and open stopcock slowlx to slow combustion pipette and
then the measuring burette. Very slowly allow gas to pass
over hot filament until the 10 mis, have been introduced.
Then, slowly run gas back and forth across filament 2-3 times.
Turn off filament and allow gas and filament to cool before
returning gas to measuring burette. Return and record as
Reading "F", 100 -~ Reading "F" x 2/3 x Reading "E" - "G"
(mls, Hy). Reading "B" - "G" - Mis. N,.

~J
.

IMPORTANT: 1If Reading "F" should exceed 15 mls,, orsat
should be checked for leaks and combustion
step repeated,

¢, Titration of HCl.

1. Drain alkaline arsenite from 500 ml. sample bottle to 1000 ml.
levelling bottle. Wash sample bottle with distilled H20 and
drain into levelling bottle.

2, Pinch off tubing at exit of levelling bottle; dilute with
distilled H,0 to the 1000 ml, mark, Stopper and shake.

3, Pipette 100 mls, of this dilution into a 250 ml. beaker.

Add approximately 50 cc's of distilled water and 5-10 drops
phenolphthalein indicator.

4, Titrate to clear end point with 2.5 N HyS80,.

5, Add 5-10 drops diphenyl carbazone bromphenol blue indicator
and titrate to canary yellow end point with 2.5 N H2804.

6, Titrate to wine colored end point with 0.3419 Hg(NO3)

7. Mis. 0,3419 Hg(NO3)2 x 83,140 = Mis, HC1 at 25°C for %00 ml,
sample.

5. Calculations:
Per 100 mls, of 700 1000 dilution
Density HC1 vapor at 25°C = 0.001501 g/cc "From Handbook of Physics"
Titer x 0.3419 x 0.0365 x 700 = T x 83,140 = Mls, HCl at 25°C ("H")

0.001501 x 100 x 700
1000

A+B +

"

D (Total mls, of residuals)
100 ml. aliquot ‘
Reading after 0, absorbed |
Reading after burning H,
Mis. Hyp in 100 ml. aliquot
Mis. HCI

B - E = Mis, 0y in 100 ml, aliquot
100 - Reading F x 2/3 x Reading_a = 6 Mls, Hz in 100 ml. aliquot

- ¥ :

c
B
E
F
G
H

»nonor op

0
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RN

Reading E - G = Mis. Ny in 100 ml, aliquot

To correct mls, of 02, Hz and N, found back to total volume residuals
caught multiply mls. of each by:

 Total mls. Residuals (D = D/B
M1ls Aliquot (100 mls,) (B)

Mls, 0,, H, and N, found x D/B = Total Mls, of Constituant x 100
Total Mls, of Sample (D + H)
= % Constituent

1
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DATA SHEET

100 ml, sample.

#Ml1s, Hg(NO3), x 83.140 = Mls, HC1 (H) x 100 = % HC1
- D+ H

A+B+C=0D Total Mls, Residuals

D+ H Total Mls, Sample

¥k Aliquot: 100 Mls,

Use 10 mls. of aliquot for Hy determination and 90 mls, of air.

B - E =Mls, 0p x D/B = Mls, 05 x 100 = % 0y
D+H

100 - Reading F x 2/3 x Reading E = Mls. Hy (G) x D/B = Mls., Hy x 100 = % Ho
' 10 D+ H

Reading E ~ G Mls. Ny x D/B = Mls, Ny x 100 = % No
*%%100.00%

* This factor is good only when 700 mls. alkaline arsenite were used
initially, diluted to 1000 mls. and 100 mls, of this dilution used
to determine HC1,

** To correct mls. of Og, Hy and N, found back to total volume of
residuals caught, multiply mls, of each found by D/B,

*k% 1f total is more or less than 100.00%, add or subtract difference
from 7, HC1.
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Volume of HC1 at 25°C

v Mls, 0,3419 Heg(NO3),
2
o For 100 ml. sample - T x 83,140 = Mls. HC1 at 25°C
8 Mls.
8 Titer 0.0 0.1 0,2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
it 0 0.0 8.314 16.628 24,942 33.256 41,570 49,884 58.198 66.512 74,826
1 83,140 91.454 99,768 108,082 116.396 124,710 133,024 141,338 149.652 157.966
2 166.280  174.594  182.908 191.222  199.536 207.850  216.164 224,478  232.792 241.1056
3 249,420 257,734  266.048  274.362  282.676  290.990  299.304 307,618 315,932  324.246
4 332.560  340.874  349.188  357.502  365.816  374.130 382,444  390.758  399.072  407.386
5 415,700 424,014 432,328 440,642 448,956 457,270 465,584 473.898 482,212 490,526
6 498,840 507.154 515.468 523.782 532.096 540.410 548,724 557.038 565,352 573.666
7 581.980 590.294 598,608 606,922 615.236 623.550 631.864 640,178 648,492 656,806
8 665,120  673.434 681,748  690.062  698.376 706.690  715.004  723.318  731.632 739.946
, g 748,260  756.574  764.888 773.202 - 781,516 789.830  798.144 806,458  814.772 823.086
= 10 831,400 839.714 848.028 856,342 . 864.656 872,970 881.284 889.598 - 897.912 906.226
[ ] -
) For 50 ml, sample - T x 116.289 = Mls. HCl
Mls, )
Titer 0.0 0.1 0,2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.0 16.629 33.258 49,887 66.516 83.145 99,773  116.402  133.031 149,560
1 166.289 182.919 199.548  216.177  232.806 249,435  266.064 282,693 299,322 315,951
22 332.578 349,209 365.838 382.467 399.906 415,725 432,354 448,983 465.612 482,241
3 498,867 515.499 532.128 548.757 565.386 582,015 598.644 615.273 631.902 648,531
4 665,156 681,789 698.418 715.047 731.676 748.305 764,934 781,563 798.192 814,821
5 831.445 848,079 864,708 881.337 897.966 914.595 931.224 947.853 964,482 981.111
6 997.734 1014.369  1030,998 1047.627 1064.256 1080.885 1097.514 1114.143 1130.772 1147,401
7 1164,023 1180.659 1197.288  1213.917 1230.546 1247,.750 1263.804 1280.433 1297.062 1313.691
8 1330.312 1346.949  1363.578 1380.207 1396.836 1413.465 1430.094 1446.723  2463.352 1479.981
g 1496.601 1513.239 1529.868 1546.497 1563.126 1579,755 1596.384 1613.013 1629.642 1646,271
10 1662,890 1679.529 1696.158 1712.787 1729.416 1746,045 1762.674 1779.303 1795.932 1812,561
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HC1 ANALYSIS (H, ONLY)

1.

2.

3.

SL 009091 oy

Test: Percentages of HCl and Hy in HC1l Product.,
Apparatus:

a, 500 ml, gas burette with laveling bottle.
b. Fisher Orsat (with slow combustion unit).

Reagents: Confining solution.
Sampling & Procedure:
a, Sampling

1, Place approximately 700 ml. of confining solution in the
leveling bottle, Change confining solution once per week
(Tuewday) . -

2. Fill connecting tube by running small amount of confining solu-
tion fnto burette.

3., Connect water bubbler tube and sample line to burette., Purge
for about 5 minutes.

4, Close stopcocks and sample valve so as to leave a slight
pressure in burette,

5. Vent burette to atmospheric pressure by rotating stopcock
on small end until no "HCl fog" comes from burette,

6. Allow confining solution to enter burette and absorb the HCl.
Do not shake., Rock burette several times to bubble residual
gas in confining solution.

b, Orsat Procedure

1. Transfer exactly 70,0 ml, of air into the slow combustion unit.

2, Fill rubber connecting tube on burette and orsat sample tube
with confining solution,

3. Transfer all of residual gas to the measuring burette by
bringing confining solution from 500 ml. gas burette into the
orsat sample tube.

4. Measure volume of residual gas and record as Volume A - (V,).

5. Turn on slow combustion unit filament and SILOWLY transfer
residual gas into slow combustion unit, Make three more
passes to and from combustion unit., Do not allow confining
solution to come in contact with hot part of filament support
column,

6. Turn off filament and allow to cool to room temperature,

KEEP CONFINING SOLUTION BELOW HOT PART OF FILAMENT COLUMN.

7. Transfer entire volume of gas to the measuring burette,

Allow liquid to drain from burette walls (about 30 secounds).
Read and record as Volume B (Vy).

Calculations:

Pasis: 500 ml., sample size




a, Percentage of HC1

% HCl = 100 - (Vg x 2)
10

or read from Table I
b, Percentage of Hy (Uncorrected for CO)
1, Contraction Volume = Ve
Ve =)Vy + 70,0 ml1,) - V
2, % Hp = (Vex 2/3) x 2/10

or read from Tgble II

~142~-
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TABLE I

Permmﬂmun'uflmn;‘f A
Basis: 500 ml, Bemple Bise

| Volume A (ml.) (Residual Gas) L l |
0.0 0.1 | 0.2, _0.3 Ok - 0.5 : 0.6 0.7 ~_0.8 ‘;,_o_.;g_
10 98,00 97.98 9.9 TS IL® IO 9MBY. 986 9B gnke
1 980 98 INTE I T2 G0 9B 966 OT.6h  gr.ee
12 97,60 97.58 "1397.56. 97.54%  97.52 975097,&8 97.46. g 9T.k2
13 ST IT.8 P36 9T 9T L. gTe8 o6 ok . g7.22

W.oore0 T8 A6 9TIb STIR 91000 9108 9T.06 9T.0h 9T.c2
15 00 96.98 i96.96 9694  96.92 96.90 96.88 96.06 96.84 96.62
16 9%6.60 96,78 96.76 96T 96.T2 96.T0. 96.68° 96.66 96.6. 96.62
1T 96,60 96.58 96,56 965 96,52 .96.907 96MD 966 96 - g6.ke
18 96M0 9638 96.36 96.3b 96.32  96.30 96:28 96.26 96.2b 9.2
19 96.20° 96.18 . 9616 96 9612 96.20 ' 96.08 96.06 9606  96.02
20 96,00 95.98 T95.96 :95.9% 95.92 : 95.90 95,88 95.06 9.8 95.82
2 95.80 95,78 95.76 95.T 9572 95.T0 9563 95.66 95.6 9.8
22 .60 .58 95.56 9.5 95.52 95.50 9548 9546 95,4 5.k
23 95.40 95.36 .95.36 95.3% . 95.32 95.30”,95.a9 95.26 95.24 ' 95,52
2h 95,20 9518 9516 5.4 5.2 95.10. 95.08 ° 95,06 .06 - 95,00
25 98 .96 Sh.oh Gh.92  Sh.90 98B Sh.86 Sh.Bh .82
2 9480 T8 .76 GhTh. Sh.T2. W0 ON.6B .66 Sh.Gh  9h.62
27 5B 9h.56  Sh.Sh k.52 Oh.50 OB b6 ok ghl2
28 - 9u'.3e°{ .36 Gh.3 0432 94,30 ‘Dh.2B. Sh.26  oh.2b ; Q22
a9 gh20. Gh1B Sh6 b Sh12 9h0  9h.0BY .06 - Gh.ob  sh.o2
30 9400 9398 [93.96 93.0h 93.92 93.90. 9368 93.66 93.04 93.82
L SHCL w100 -vax2 . ...
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, TABLE IX |
. : - Percentage of Hp (Uncorrected for CO)
© Basiss 500 nl, ‘Sample Size

vgmc..(commtu@) . |
o 000 00 ".'_“"o.g,% 0.3 "ob_ 05 .06 0.1 08 " 0.9
20133 L35 :":1.361 137 -139  LA0 . 1bL 143 Lk ks
BN U A W “:”_,._,,9 151 S1.52 153 155 1.5  1.57 1.59
12 1.6 L6l L6 L6 165 167 1.68. 1.6 S K )
13 0 173 LTS CLT6 LT L9 0 2.60. LAY . .83 1.84 185

; . 187 188 1.8y 1.9 1.9 193 L9 .96 .97 L%
£ 15 2,00 2,001 203 204 2,05 a.o-'(‘__--f,f 2,08 " 2.09_‘ 20 2a2
P 16.. 213 215 236 217 219 2.20 2.2 2.23 2.2k | 225
; Y ‘,\"2,27 2,28 | £.29 ) 2.3 ."Ia.sa ,2;3‘3‘@& 2.35  2.36 ;_2..37 ;'a.-_39\
L 18 2k 20a 203 20 205 2k7 248 249 2510 . 2,52

19 ‘253 2.55 ‘i'a.ss 257 7 2,59 2,60 2,61 2,63 2.6k 2.65
20 2,67 268 2,69 2T 272 2,73 2,75 - 2.76"'2.77 | 2.79
2 280 281 283 2.8 2.6 2.-8.7,  2.88._ 2.89 2.9 2.92
2 2,93 2,95 296 29T 299 3.00 3.01 3.03 3.0 ‘;3.05 .‘
237307 3.08 3.09 - 3.1 0 32 303 3.5 3.6 317 3.9
L2 3.20 3.2 3.23 3.2 3,25  3.27 3.28 3.2 -3.31  3.32
35 33 335 336 3B 339 340 ke 343 3 346
26 347 348 3.50 . 351 3.52  3.5h 3.5 3.56 3.58  3.59
27 360 382 363 3.6 3.6 367 360 370 T 37
28 "3.7’0-'_' 3.7 .3.76 - 3.78  3.79 3-80""1 3~92 " 3.83 3.84 3.86 ,'
29 387 3.88 3.9 3.90 3.2 3.9k - 395 3.96 3.8 3.9

!, - Dmﬂ‘rﬂm
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TARLE II (Continued)
Percentege of Ha (Uncorrected for CO) °
© pasis: 500 ml. Sample slze

Volume € (céhbraction) . | , ,

0.6 o1 0.2 :,0.1 0.k 0.5 ,"'b‘.g',
o 00 b2 b03 Wb k06 0T kBT,
B bk, bas bas  WaT B9 uaz

32 bor b8 W30 k3L b2 35

- 33 bao |, b2 W3 ML b6 uua :

o b liss K36 kS8 s b2l
T3 M6 M k0 T LT s
36 k.80 L.62, 483 ¢ B8 .86 | 4.8,
T3 g3 W95 hg6 9B . 99 5 5.0

38 5.07 5.08 +.5.10 5.1 5.12 5,15'.:

tT 39 5.20 .f 5,22 ,\5’-.23_ 5.21}, " 5,26

2y
Laia
g

i

Th

% Hg = (Ve X 2/3) X 2
' 40

Ve = (Vg + T0.0) = Vg

"’ Volume A = Vg = Residual Gas Volume ‘
" . Volume B = Vy, = Volume after Combusti n
~“Volume C = Vo = Contraction'Volume

~oBe ..
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HC1 STRENGTH

1. Test: Acidity as HCl Grams/Liter - Effluent
2. Apparatus:
ae 250 ml. bea.ke?.'.
b. 50 ml. graduated cylinder.
c. 50 ml. burette.
d. Stirring rod.
3. Reagents:
a. 1.0 N NaOH.
b. Phenolphthalein indicator.
4. Procedure:
a. Measure 50 mls, of effluent water into 250 ml, beaker and add
approximately 100 mls, distilled water.
b. Add 5-10 drops phenolphthalein indicator and titrate to finest
pemanent pink color with 1.0 N NaOH,
5. Calculations:
Mls, NaOH x 1.0 x 0,0365 x 1000 = g/1 HC1 T x 0.73 = b/1 HC1
Sample Size
SL 009096




HC1 STRENGTH
Tentative

HC1 Analytical Control Test

50 mls. Sample

1.0 N NaOH

T x 0.73 = g/1 HC1
Mis: 1,0 N NaOH

Mls.
Titer 0.0 0.1 0,2 0.3 0.4 0.5 0.6 0.7 0,8 0,9

0 0.0 0.07 0.15 0,22 0.29 0.37 0,44 0,51 0.58 0.66
1 0.73 ‘ 0.80 0.8 0.95 1.02 1.10 1.17 1.24 1.31 1.39
2 1.46 1,53 1.,61 1.68 1.75 1.83 1.90 1.97 2,06 2,12
3 2,19 2,26 2,34 2.41 2,48 2,56 2.63 2,70 2,77 2,85
4 2,92 2,99 3,07 3.14 3.21 3,29 3.36 3.43 3,50 3,58
5 3.65 3.72 3,80 3,87 3.94 4,02 4,09 4,16 4,23 4,31
6 4.38 4.45 4.53 4,60 .4.67 4,75 4.82 4,89 4.96 5.04
7 5.11 5.18 5.26 5.33 5.40 5,48 5.55 5.62 5,69 5.77
8 5.84 5.91 5,99 6.06 6.13 6,21 6.28 6.35 6,42 6,50
9 6.57 6.64 6,72 6.79 6.8 6,94 7,01 7,08 7.15 7,23

10 7.30 7,37 7.45 7.52 7.59 7.67 7.74 7.81 7.88 7.96

ALt grdef .
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HC1 (FREE CHLORINE)

1 h v

1. Test: Free Chlorine in HC1
2. Apparatus:

a. 1 = 32 oz, clear sample bottle (wide mouth),
b, 1 - 2<hole No. 9 rubber stopper fitted with polyethylene tubing.

3. Reagents:

a., Ortho-Tolidine.
b. Carbon Tetrachloride,¥

4, Procedure:

.a. Fill 32 oz, bottle approximately half full with distilled water.

b. Add 1-2 cc's Ortho-Tolidine and shake,

c. Add carbon tetrachloride until a 1/4 to 1/2 inch layer is present
on bottom of bottle,

d. TInsert polyethylene tubing from sample point into carbon tetra-
chlorine layer.

e. Regulate flow to approximately 1-2 bubbles a second.

f. The presence of a yellow color indicates the presence of free
chlorine.

g. 1f free chlorine is present, notify superviser.

* Carbon tetrachloride liquid and vapor are hazardous,
Avoid Prolonged contact with either.
Use only with adequate ventilation,

SL 009088 e v |
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