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1 
Scope
This document is valid for operation of the Industrial Building 4 (IB4) Cavity Processing Laboratory (CPL) scrubber/neutralizer system for the treatment of gas and rinse water from the IB4/CPL/Electropolish tool.  Plans and procedures for off-normal conditions are also included.
1.1 Purpose
This document specifies the normal operating procedure (OP) of the IB4 CPL scrubber/neutralizer system.

Normal operation of the IB4 Electropolish (EP) Tool produces air that has a small content of hydrogen fluoride gas (HF) and aerosolized sulfuric acid. It also produces low pH wastewater that can contain up to one liter of EP electrolyte dissolved in approximately 270 liters of water.  EP electrolyte is composed of two components: 98% (by weight) sulfuric acid and 49% (by weight) hydrofluoric acid.  The ratio of the mixture is 9:1 sulfuric : hydrofluoric by volume.  Both the EP tool gas and rinse water must be neutralized in IB4 in order to ensure suitability for disposal.  This type of neutralization is the function of the IB4 CPL scrubber/neutralizer system.

The scrubber/neutralizer system was designed for FNAL by TSR Engineering Company as a subcontractor for Chicago Plastics Company.  Gas and aerosols are treated by the scrubber and wastewater is treated by the neutralizer.  The neutralizer also conditions waste sodium hydroxide solution from the scrubber, known as “blowdown” in industrial terminology.

Gas from the EP Tool is diluted with fresh air and sent through the scrubber, where it is neutralized.  It is then vented to the atmosphere through the rooftop stack of IB4 at a height selected for environmental safety.  Low pH rinse water from the EP tool is pumped to the neutralizer holding tank, where it is introduced into the reactor vessel for neutralization.  After meeting FESHM pH requirements, it is released to the sanitary sewer system for IB4.  The neutralizer system is not intended for use in neutralizing concentrated acid.  Spent electrolyte used by the EP tool will be collected and sent away from the FNAL site for disposal by a certified vendor.

The use of concentrated acids and bases is necessary in order to operate the scrubber/neutralizer.  Typical on-board stored chemical content of the scrubber/neutralizer storage tanks is 30 gallons of 10% to 15% (volume) sulfuric acid and 30 gallons of 20% to 25% (weight) sodium hydroxide solution.

		Please Note:  
Part of the TSR Company operation manual for the scrubber/neutralizer is devoted to a discussion of the use of sodium hydrosulfide for the purpose of removing oxides of nitrogen from the gas stream.  Oxides of nitrogen are a by-product of chemical etching using nitric acid as the oxidizing agent.  The IB4 EP tool does not use nitric Acid.  This means that there is a very low probability for production of significant quantities of oxides of nitrogen.  Operation of the EP tool only requires that acidic air and acidic water are conditioned appropriately before disposal.  The EP tool does not use Buffered Chemical Polishing (BCP) solution (HNO3 + HF + H3PO4) in any way.,   It uses only a mixture of sulfuric acid and hydrofluoric acid ( H2SO4 + HF).  The governing chemical equations for neutralization of EP electrolyte by sodium hydroxide are:

Equation 1.1.1	H2SO4+2NaOH = Na2SO4+2H2O
sulfuric acid + sodium hydroxide = sodium sulfate + water

and

Equation 1.1.2	HF +NaOH = NaF + H2O
hydrogen fluoride + sodium hydroxide = sodium fluoride + water

Note:  All operating procedures referenced in this document can be found on  tdserver1  at:
http://tdserver1.fnal.gov/tdweb/qm/operationprocedurespage.asp


1.2 Location
Figure 1.2.1 shows the floor plan of IB4 and the CPL.  This layout shows how access will be controlled, where chemicals will be stored, and the general layout of the scrubber and neutralizer. Only trained and authorized workers are allowed in the IB4/CPL/chemical work area.
[image: ]
Figure 1.1.  IB4 CPL Floor Plan

1.3 Frequency of Occurrence
Use of the scrubber/neutralizer is required for each EP tool process.  Typical EP tool use is intended to be one process per week.  A single EP tool process can last for up to 12 hours.

It is planned that the scrubber fan will operate on the low speed setting at all times when the scrubber is not being used to condition air from the EP tool.  The motivation for this is to provide added ventilation to the CPL area.  The scrubber fan will be set to maximum speed during use for an electropolish procedure.  An air flow sensor in the EP tool exhaust functions through the EP tool interlock system to prevent the use of the EP tool unless the scrubber fan is operating at the high speed setting.

1.4 Responsibility and Authority
Responsibility and authority for the IB4/CPL/scrubber/neutralizer belongs to the EP tool operations person in charge (OPIC).  This includes scheduling, Integrated Safety Management (ISM), Integrated Quality Assurance (IQA), and establishment and maintenance of the OP and the Operational Readiness Clearance.

The OPIC will be assisted by an authorized EP tool operator (EPTO) for all procedures and will be assisted by authorized chemical workers as required.  Additional workers may be present for training during operation of the scrubber/neutralizer.

Waste material will be handled by the IB4 CPL local waste generator under advisement by the TD environmental officer/waste coordinator.

Authorization of workers is covered in more detail in 5520-OP-464050 “IB4/CPL/EP Tool Authorization Operating Procedure”.

2 Operating Procedure
2.1 Equipment
When in operation, the scrubber can produce up to 0.5 gallons per minute of pH 12.4 to 12.6 sodium hydroxide solution (blowdown).  This solution accumulates in a holding tank (TA-1 in Figure 2.3.2.5).  At the end of an EP tool process, approximately 200 gallons of low pH water, produced by rinsing the EP tool, will be sent to TA-2, known as the neutralizer “reactor vessel”.  Blowdown will be stored in TA-1 and used to neutralize the acidic rinse water by slowly introducing it into TA-2 through a partially opened transfer valve (V-1).  Please see Figure 2.3.2.5 for the locations of these devices within the plumbing and instrumentation diagram (P&ID).

In the event that there is excess blowdown that must be neutralized, it will be transferred to TA-2 and will undergo automatic “batch neutralization” as described in Table 2.3.3.1.  If there is not enough blowdown to neutralize the accumulated acidic rinse water, then sodium hydroxide will be added to TA-2 manually by an EP tool operator.  Sodium hydroxide will be added to TA-2 until the pH reaches a value of 7 on probe pH-1. 

The air scrubber is shown in Figure 2.1.1 and the neutralizer is shown in Figure 2.1.2.
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Figure 2.1.2    Neutralizer

2.2 Materials
2.2.1 Chemical Reagents	
		There are two reagents stored in the day tanks for the scrubber/neutralizer:

1. 10%-15%  by volume sulfuric acid dissolved in water
2. 20%-25% by weight sodium hydroxide dissolved in water

Sulfuric acid solution will be mixed in the acid day tank, TA-4, and sodium hydroxide solution will be mixed in the sodium hydroxide day tank, TA-6.

Sulfuric acid is purchased at 96% concentration in one gallon containers.  It is stored in a dedicated acid storage cabinet located near the scrubber.

Sodium hydroxide is purchased in the form of solid pellets in sealed plastic containers.  Containers will be stored in a dedicated base storage cabinet located near the scrubber.

A small amount of muriatic acid (dilute hydrochloric acid) will be used to clean pH instrumentation.  It is anticipated that 0.5 Liters of 10% HCl by weight muriatic acid will be used each month.  It will be purchased in a one gallon container that contains approximately 30% HCl by weight and will be further diluted before use.  Muriatic acid will be stored in the acid cabinet along with the sulfuric acid supply.

NFPA hazard diamonds for chemicals used by the scrubber/neutralizer are shown in Figure 2.2.1.1
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Figure 2.2.1.1  NFPA 704 Designations For Chemical Reagents Used In This Operating Procedure

	NFPA 704 designations are explained in Appendix C  “MSDS”.

2.2.2 Storage of Chemicals Used for the Day Tanks	
Approximately 8 gallons of sulfuric acid will be stored in the acid cabinet (Color red on Figure 1.1).  Approximately one gallon of 30% HCl by weight muriatic acid and 0.5 Liters of 10% HCl by weight muriatic acid will be stored in the acid cabinet.  Approximately one gallon of 5% to 7% acetic acid by weight (food grade vinegar) will be stored in the acid cabinet.

Approximately 200 pounds of sodium hydroxide will be stored in the chemical storage cabinet (Color dark blue on Figure 1.1).  Approximately five pounds of sodium bicarbonate (baking soda) will be stored in the base cabinet.

Acids and bases will be segregated into different storage cabinets.  All materials are stored in sealed containers.  The cabinets are shown in Figure 2.2.2.1 and Figure 2.2.2.2.

Within each cabinet, different materials will be segregated on their own dedicated shelves.  Liquids will be stored on chemical resistant secondary containment trays.
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		Figure 2.2.2.1 	Acid Storage Cabinet		Figure 2.2.2.2 	Base Storage Cabinet

2.2.3 Materials Used for  Spill Response
	
A sufficient quantity of Spill-X-A acid absorber/neutralizer and HazMat sock to contain and absorb 50 gallons of acid will be maintained at the IB4/CPL facility.  This supply will be shared between the EP Tool and the scrubber /neutralizer operations.

A sufficient quantity of Spill-X-C base absorber/neutralizer and HazMat sock to absorb 50 gallons of sodium hydroxide solution will be maintained at the scrubber/neutralizer.

2.2.4 Materials Used for Clean Up
Approximately one gallon of 5% to 7% by weight acetic acid (food grade vinegar) will be stored in the acid cabinet.  This material will be used to neutralize tools and surfaces with high pH during any necessary clean up procedure.

Approximately five pounds of sodium bicarbonate (baking soda) will be stored in the base cabinet.  This material will be used to neutralize tools and surfaces with low pH during any necessary cleanup procedure.


2.3	Normal Operating Procedure
Note On Personal Protective Equipment
Any operation or task performed on the scrubber/neutralizer where there is the possibility of contact with dilute hydrofluoric acid, sulfuric acid, sodium hydroxide, low pH water, high pH water, or muriatic acid requires approved personal protective equipment (PPE).  These tasks include, but are not limited to, adding chemicals to the day tanks, cleaning pH instrumentation, and working on any potentially “wetted” part of the system.

PPE requirements depend on the specific task being performed.  Requirements are listed separately for each task in the procedures that follow.









2.3.1	Operating Procedures for Filling the Day Tanks
2.3.1.1	Sulfuric Acid Tank (TA-4)
The operating procedure for receiving a shipment of sulfuric acid is listed in Table 2.3.1.1.1 .

	Step
	Scrubber/Neutralizer Sulfuric Acid Receiving Operating Procedure
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower/eyewash  station (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
	

	1
	Do not open the shipping container at this time.  Move the shipping container into the CPL/scrubber/neutralizer chemical work area near the acid storage cabinet.
	

	2
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	3
	Don PPE
	

	4
	Open the shipping container.  Inspect each bottle for signs of leakage as they are moved, one at the time, onto the appropriate shelf in the acid cabinet.
	

	5
	If there are any leaks, correct them now.  Any bottle that cannot be made leak tight by tightening the cap can be emptied into the sulfuric acid day tank (TA-4) at this time.  Follow the instructions for filling the day tank in Table 2.3.1.1.2.
	

	6
	Any leaks or spillage should be cleaned up according to Table 2.3.5.1.1 “Response To Sulfuric Acid Spills Of One Gallon Or Less”.
	

	7
	Place any contaminated material in a sealed container labeled “Contaminated with sulfuric acid”
	

	8
	Remove and store PPE
	

	9
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp.  Turn on the green lamp.
	

	10
	Contact the IB4/CPL waste generator for disposal of any contaminated material.
	


Table 2.3.1.1.1     Scrubber/Neutralizer Sulfuric Acid Receiving Operating Procedure






















The operating procedure for filling the sulfuric acid day tank is listed in Table 2.3.1.1.2.
	Step
	Scrubber/Neutralizer Acid Tank Fill Operating Procedure
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower/eyewash  station (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
· Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100
	

	1
	Fill TA-4 two thirds full with room temperature or cold water (approximately 34 gallons)
	

	2
	Monitor the temperature of the liquid in TA-4 with a PTFE coated thermocouple.  Place the thermocouple in the solution inside the day tank.  See Figure 2.3.1.1.1 for an example of a simple arrangement to accomplish temperature monitoring.  The thermocouple is an Omega Engineering CASS-116G-24-PFA Type “K”, or equivalent.
	

	3
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	4
	Don PPE
	

	5
	Add approximately one liter of sulfuric acid to the tank from a one gallon container
	

	6
	If the temperature exceeds 40C at any time, reduce the amount of acid added subsequently
	

	7
	Add acid in small batches until four gallons (total) have been added
	

	8
	Do not add acid at a rate that allows the temperature of the mixture to exceed 40C
	

	9
	Rinse empty acid bottles and caps three times, disposing of rinse water in TA-2.  After rinsing and draining, empty acid bottles can be disposed of in the IB4 dumpster.
	

	10
	Wipe all wetted surfaces of equipment, tools, instrumentation, and PPE with Wypall X80 towels.  Neutralize the surface with sodium bicarbonate solution if the towel indicates a pH < 5.  Dispose of excess sodium bicarbonate solution in the neutralizer reactor vessel (TA-2).
	

	11
	Neutralize contaminated towels with sodium bicarbonate solution and dispose of in IB4 trash.
	

	12
	Remove and store PPE
	

	13
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on
	

	14
	Contact the IB4/CPL waste generator for disposal of any contaminated material
	


Table 2.3.1.1.2     Scrubber/Neutralizer Acid Tank Fill Operating Procedure
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Figure 2.3.1.1.1     Day Tank Temperature Monitor
2.3.1.2	Sodium Hydroxide Solution Tank (TA-6)
The operating procedure for receiving a shipment of sodium hydroxide pellets is listed in Table 2.3.1.2.1 .
	Step
	Scrubber/Neutralizer Sodium Hydroxide Pellet Receiving Operating Procedure
	Check

	Safety Requirements
	· Required PPE:
· Safety glasses
· Tyvek labcoat
· Nitrile gloves
	

	1
	Do not open the shipping container at this time.  Move the shipping container into the CPL/scrubber/neutralizer chemical work area near the base storage cabinet.
	

	2
	Don PPE
	

	3
	Open the shipping container.  Move the pellet containers, one at the time, onto the appropriate shelf in the base cabinet.
	

	4
	Any leaks or spillage should be cleaned up according to Table 2.3.5.2.1 “Response To Sodium Hydroxide Pellet Spills”.
	

	5
	Remove and store PPE
	


Table 2.3.1.2.1 Scrubber/Neutralizer Sodium Hydroxide Pellet Receiving Operating Procedure
The operating procedure for filling TA-6 is given in Table 2.3.1.2.2.
	Step
	Scrubber/Neutralizer Sodium Hydroxide Solution Tank Fill Operating Procedure
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower/eyewash  station (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
· Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100
	

	1
	Fill tank two thirds full with room temperature or cold water (approximately 34 gallons)
	

	2
	Monitor the temperature of the liquid in TA-6 with a PTFE coated thermocouple.  Place the thermocouple in the solution inside the day tank.  See Figure 2.3.1.1.1 for an example of a simple arrangement to accomplish temperature monitoring.  The thermocouple is an Omega Engineering CASS-116G-24-PFA Type “K”, or equivalent.
	

	3
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	4
	Don PPE
	

	5
	Add one cup of sodium hydroxide pellets to the tank and stir with a PVC (or other sodium hydroxide solution resistant) paddle
	

	6
	Monitor the temperature continuously
	

	7
	If the temperature exceeds 40C at any time, reduce the amount of sodium hydroxide added subsequently
	

	8
	Add sodium hydroxide in small batches until ninety pounds (total) have been added
	

	9
	Do not add sodium hydroxide at a rate that allows the temperature of the mixture to exceed 40C
	

	10
	Dispose of empty sodium hydroxide pellet containers in the IB4 dumpster.
	

	11
	Wipe all wetted surfaces of equipment, tools, instrumentation, and PPE with Wypall X80 towels.  Neutralize the surface with vinegar if the towel indicates a high pH.  Dispose of excess vinegar in the neutralizer reactor vessel (TA-2)
	

	12
	Neutralize contaminated towels with vinegar and dispose of in IB4 trash.
	

	13
	Remove and store PPE
	

	14
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on
	

	15
	Contact IB4/CPL waste generator for disposal of any contaminated material
	


Table 2.3.1.2.2     Scrubber/Neutralizer Sodium hydroxide Solution Tank Fill Operating Procedure

2.3.2	Operating Procedure for the Scrubber
The operating procedure is given in Table 2.3.2.1.  Control switches are shown in Figure 2.3.2.1, Figure 2.3.2.2, and in Figure 2.3.2.3.   The P&ID for the system is shown in Figure 2.3.2.5.
Emergency Shutdown Procedure for Scrubber/Neutralizer:  Switch off electrical power at disconnect shown in Figure 2.3.2.4
	Step
	Scrubber Operating Procedure
	Check

	Safety Requirements
	· Required PPE:
· Safety glasses
· Gloves:  nitrile
· Lab coat:  Tyvek
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE
	

	3
	Verify that there is sufficient sodium hydroxide solution in the day tank to complete the EP process.    Nominal usage is 2 to 4 gallons of liquid from the scrubber sumps per hour of operation.  The pH of this liquid is maintained automatically at a value of 12.4 to 12.6.  A pH of 12.6 pH represents a concentration of NaOH of approximately 1.5 g/L.  Therefore, the nominal use of  NaOH is expected to be approximately 23 g/hour.  A rule-of-thumb is that it takes approximately 1.75 gallons of NaOH day tank solution to make 300 gallons of blowdown.  300 gallons is the maximum capacity of TA-1.
	

	4
	Open the manual valves in the water supply line on both sides of AV-2.  Do not open the bypass valve for AV-2
	

	5
	Switch AV-2 to “Auto”
	

	6
	Wait for the sumps to fill
	

	7
	Verify that both pH sensor #2 and sensor #3 are functioning and that both sensors have been cleaned and standardized within the previous 7 days
	

	8
	Move pH sensor 2 from its holding compartment and install it in sump #1
	

	9
	Move pH sensor 3 from its holding compartment and install it in sump #2
	

	10
	Switch on PU-2 and PU-3.  These are pumps that are controlled by switches labeled “RECIRC PUMP#1” and “RECIRC PUMP #2”.  Please see Figure 2.3.2.1
	

	11
	Switch CF-3 and CF-4 to “Auto”.  These are pumps that are controlled by the “Caustic Feed” switches shown in Figures 2.3.2.1 and 2.3.2.2
	

	12
	Monitor the readings on pH detectors #2 and #3.  They should reach 12.4  and 12.6 and regulate at these points.
	

	13
	Switch the blower on to the “HIGH” position.  See Figure 2.3.2.3
	

	14
	The system is ready to accept air from the EP Tool cabinet
	

	15
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on.
	


Table 2.3.2.1     Scrubber/Neutralizer Operating Procedure
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Figure 2.3.2.1	Sodium Hydroxide Solution (Caustic) Feed Switch For Sump #2
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Figure 2.3.2.2	Sodium Hydroxide Solution (Caustic) Feed Switch for Sump #1
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Figure 2.3.2.3	Blower Switch
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Figure 2.3.2.4	Control Panel For The Scrubber/Neutralizer Showing The Electrical Power Disconnect Switch
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Figure 2.3.2.5 	Neutralizer Water Treatment Schematic (P&ID)

2.3.3	Operating Procedure For Batch Treatment of Scrubber Blowdown and Low pH Water
Please refer to Figure 2.3.2.5 for the operating procedure of Table 2.3.3.1.
Emergency Shutdown Procedure for Scrubber/Neutralizer:  Switch off electrical power at disconnect shown in Figure 2.3.2.4
	Step
	Scrubber/Neutralizer Blowdown and Low pH Water Treatment Operating Procedure
	Check

	Safety Requirements
	· Required PPE:
· Chemical splash goggles (Steps 11 and 12)
· Safety glasses (All steps except 11 and 12)
· Gloves:  nitrile
· Lab coat:  Tyvek
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE.  Chemical splash goggles are required only for steps 11 and 12.  Safety glasses are adequate for the rest of the procedure.
	

	3
	Verify that there is sufficient acid in TA-4 to complete the neutralization process:  
Rule-of-thumb for blowdown neutralization:  300 gallons of pH = 12.6 scrubber blowdown  requires the use of  2.2 gallons of 12.5% sulfuric acid solution from TA-4. 
	

	4
	Drain all accumulated acidic rinse water in TA-3 into TA-2 by opening V-2.   Close V-2 when TA-3 has drained completely.
	

	5
	Drain the contents of TA-1 into TA-2 slowly by partially opening V-1. Close V-1 if the level in TA-2 reaches a sufficient height to turn on the TA-2 “operating level” advisory signal.  If  TA-1 empties before the operating level in TA-2 is reached. Then add sufficient water to TA-2 to reach the operating level.
	

	6
	The TA-2 “operating level” advisory signal shows that a sufficient volume has been accumulated to undertake a treatment.  To start treatment, V-1 shall be closed and any further accumulation will take place in TA-1.  Note: for safety, a high level alarm in TA-1 will stop the blow-down.)
	

	7
	Move the pH electrode (pH-1) from its holding compartment to the reactor pH electrode receptacle.  
	

	8
	Turn on AG-1 and allow the contents of TA-2 to mix for 5 minutes.
	

	9
	Observe the pH as read by pH-1: 
· If pH > 9.0 then the automated system for neutralization by sulfuric acid from TA-4 will be used.  Proceed to step 10.
· If pH < 5.5 sodium hydroxide can be added to TA-2.  Proceed to step 11.
	

	10
	Perform this procedure (Step 10) only if pH>9.0.  The start of the chemical feed system will be initiated by use of the HOA (hand-off-auto) switch.  The operator will move that switch from “off” to “auto”.  The instrumentation will feed dilute sulfuric acid into the reactor, based on the set points in the instrumentation.  When the desired pH has been reached, the chemical feed will cease, and a timer will be automatically activated.  The timer will assure that no additional feed has been required for a predetermined time period (such as 10-30 minutes).  The timer will then activate the “batch complete” advisory light and horn signal.  These will extinguish after 1 hour.  Turn the HOA switch to the OFF position.  Proceed to step  12.
	

	11
	Perform this procedure (Step 11) only if pH <5.5 in TA-2.  Note: This procedure is similar to the procedure for filling the sodium hydroxide solution day tank (Table 2.3.1.2.2).
· Two man rule is in effect
· Test safety shower/eyewash  station (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
· Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100
	





Check
	

	
	a)  Don special PPE for step 11.
	
	

	
	b)  Monitor the temperature of the liquid in TA-2 with a PTFE coated thermocouple.  Place the thermocouple in the solution inside the tank.  See Figure 2.3.1.1.1 for an example of of a simple arrangement to accomplish temperature monitoring.  The thermocouple is an Omega Engineering CASS-116G-24-PFA Type “K”, or equivalent.
	
	

	
	c)  Open the access port on the top of TA-2 and add one cup of sodium hydroxide.
	
	

	
	d)  Monitor the temperature continuously.
	
	

	
	e)  If the temperature exceeds 40C at any time, reduce the amount of sodium hydroxide added subsequently
	
	

	
	f)  Add sodium hydroxide in small batches until the pH > 5.5.  Do not add sodium hydroxide at a rate that allows the temperature of the mixture to exceed 40C.
	
	

	
	g)  Dispose of empty sodium hydroxide pellet containers in the IB4 dumpster.
	
	

	
	h)  Wipe all wetted surfaces of equipment, tools, instrumentation, and PPE with Wypall X80 towels.  Test pH of spills with pH paper.  Neutralize the surface with vinegar if the pH is high.  Neutralize with sodium bicarbonate solution if the indicated pH is low.  Dispose of excess vinegar and sodium bicarbonate solution in the neutralizer reactor vessel (TA-2)
	
	

	
	i)  Neutralize contaminated towels with sodium bicarbonate solution or vinegar and dispose of in IB4 trash.
	
	

	
	j) Remove and store special PPE for step 11. Revert to PPE appropriate for Step 1. 
	
	

	12
	Don chemical splash goggles.  Place pH-1 in its holding compartment to keep it wet when not in use
	

	13
	 Verify that the contents of the reactor are within acceptable limits for discharge according to FESHM 8025 by using pH paper.   FESHM 8025 states the following requirements:
· If wastewater pH is 5.5 pH  9.0, and meets all other discharge criteria, then any amount can be discharged to the sanitary sewer
· If wastewater pH is either 2.0 pH <5.5 or 9.0< pH 12.5, and meets all other discharge criteria, then a maximum of 50 gallons per day can be discharged to the sanitary sewer
	

	14
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp /Turn green light on.
	

	15
	After the batch condition has been verified and accepted, the reactor can be pumped out by employing PU-1.  Note that discharge of TA-2 can only be performed by a Class K EPA operator, and only after verification that the conditions for discharge listed in FESHM 8025 have been satisfied. 
	

	16
	Remove and store PPE
	

	17
	Contact the IB4/CPL waste generator for disposal of any contaminated material.
	


Table 2.3.3.1     Scrubber Blowdown and Low pH Water Batch Treatment Operating Procedure

















2.3.4	Operating Procedures For pH Probe Maintenance
2.3.4.1	Cleaning pH Probes
The operating procedure is listed in Table 2.3.4.1.1.
	Step
	Scrubber/Neutralizer pH Probe Cleaning Operating Procedure
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower/eyewash  (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE
	

	3
	The operator shall obtain a clean, one-gallon container and fill it approximately one-half to two-thirds full of clean, fresh water.  This is to be used for rinsing the probes
	

	4
	One pint of 5-10% by volume solution of clean muriatic (hydrochloric) acid shall be maintained by the operator.  Label the container of diluted acid appropriately and keep a record of the number of uses on the label.  Renew the diluted acid after 5 uses.  Discard used acid inTA-2.
	

	5
	Each probe, one at a time, shall be removed from the tank and rinsed in the fresh water.  It shall then be immersed for approximately one-half minute in the muriatic acid solution.  (In the event that the probe is coated with oil or grease, it must first be cleaned using a mild dishwashing detergent before the acid dip)
	

	6
	It will again be rinsed in the clean water, and lightly brushed with a soft, clean toothbrush or paper towel.  This must be done very gently.  The purpose is to remove any solid residue remaining after the acid dip
	

	7
	The face of the salt bridge, if any, shall be vigorously brushed with the toothbrush
	

	8
	The cleaned probe can then be standardized
	

	9
	Wipe all wetted surfaces of equipment, tools, and PPE with Wypall X80 towels.  If the towel indicates a deviation from neutral pH, test the surface with pH paper.  For low pH, neutralize with sodium bicarbonate solution.  For high pH, neutralize with vinegar.  Dispose of excess neutralization fluid in the neutralizer reactor vessel (TA-2).
	

	10
	Neutralize contaminated towels with sodium bicarbonate solution or vinegar and dispose of in IB4 trash.
	

	11
	Remove and store PPE
	

	12
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on.
	

	13
	Contact the IB4/CPL waste generator for disposal of any contaminated material
	

	14
	Make sure that there is a maintenance tag on each probe that lists the date of the most recent cleaning procedure
	


Table 2.3.4.1.1     Scrubber/Neutralizer pH Probe Cleaning Operating Procedure









2.3.4.2	Standardizing pH Probes
The operating procedure is listed in Table 2.3.4.2.1.
	Step
	Scrubber/Neutralizer pH Probe Standardization Operating Procedure
	Check

	Safety Requirements
	· Required PPE:
· Safety Glasses
· Gloves:  nitrile
· Lab coat:  Tyvek
	

	1
	At least once per week, the pH probes shall be standardized, using the appropriate standards.  This shall be done after the probe has been cleaned
	

	2
	After cleaning the probe, it shall be rinsed once again in fresh water, allowed to drain, and immersed in a standard pH 7 buffer.  The instrument shall be adjusted to match that standard
	

	3
	The probe shall then be rinsed and immersed in either pH 4 or pH 10 buffer.  Again, the instrument should be adjusted to match that second standard.  (NOTE:  If the operating conditions are below pH 7, use the pH 4 buffer.  If above seven, use the pH 10 buffer.)
Do not reuse the buffers.  NEVER return used buffer to the original fresh buffer bottle.  Dispose of used buffer in the neutralizer reactor vessel (TA-2).
	

	4
	On those occasions when the pH probes are used in reactors with lime precipitation, it may be necessary to clean them as frequently as once or twice a day and standardizing in no less frequency than every other day.  Otherwise, lime scale can invalidate the readings.  Depending on type of solution to be measured, the frequency may be changed based on field experience
	

	5
	Make sure that there is a maintenance tag on each probe that lists the date of the most recent standardization procedure.
	


Table 2.3.4.2.1     Scrubber/Neutralizer pH Probe Standardization Operating Procedure

















2.3.5	Operating Procedures for Spills
This set of operating procedures is for non-emergency situations only.  For cases of worker exposure the emergency response plan must be executed.

Note:  One gallon of liquid sulfuric acid is the largest amount that is handled outside the secondary containment vessel for the scrubber/neutralizer.





2.3.5.1 Response to Sulfuric Acid Spill of One Gallon or Less
The operating procedure is listed in Table 2.3.5.1.1.


	Step
	Operating Procedure for Scrubber/Neutralizer Sulfuric Acid Spill of One Gallon or Less
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower / eyewash  (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE
	

	3
	Surround the spill with HazMat sock.  Absorb and neutralize liquid with Spill-X-A.  The acid spill kit is shown in Figure 2.3.5.1.1.  
	

	4
	Place the contaminated HazMat sock into empty plastic containers and seal them.  Sweep up the contaminated absorber into empty plastic containers and seal them. 
	

	5
	Wipe all wetted surfaces of equipment, tools, and PPE with Wypall X80 towels.  If the towel indicates low pH, neutralize with sodium bicarbonate solution.
	

	6
	Neutralize contaminated towels with sodium bicarbonate solution and dispose of in IB4 trash.
	

	7
	Label all containers of contaminated material with the name of the material and the contaminant.
	

	8
	Remove and store PPE
	

	9
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on.
	

	10
	Contact the IB4/CPL waste generator for disposal of contaminated material
	


Table 2.3.5.1.1     Operating Procedure for Scrubber/Neutralizer Sulfuric Acid Spill of One Gallon or Less



[image: ][image: ]
Figure 2.3.5.1.1  Acid Spill Kit = Spill-X-A + HazMat Sock









2.3.5.2 Response to Sodium Hydroxide Pellet Spill
The operating procedure is listed in Table 2.3.5.2.1.

	Step
	Operating Procedure for Scrubber/Neutralizer Sodium Hydroxide Pellet Spill 
	Check

	Safety Requirements
	· Required PPE:
· Safety Glasses
· Respirator with P100 particle filter
· Gloves:  nitrile
· Lab coat:  Tyvek
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE
	

	3
	Sweep up spilled pellets into empty plastic containers and seal them
	

	4
	Label the containers “Sodium Hydroxide”.
	

	5
	Store pellets for future use
	

	6
	Remove and store PPE
	

	7
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on.
	


Table 2.3.5.2.1     Operating Procedure for Scrubber/Neutralizer Sodium Hydroxide Pellet Spill

2.3.5.3 Response to Sodium Hydroxide Solution Spill of One Gallon or Less
The operating procedure is listed in Table 2.3.5.3.1.
	Step
	Operating Procedure for Scrubber/Neutralizer
Sodium Hydroxide Solution Spill of One Gallon or Less 
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower / eyewash  (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE
	

	3
	Surround the spill with HazMat sock.  Absorb and neutralize liquid with Spill-X-C.  The base spill kit is shown in Figure 2.3.5.3.1.
	

	4
	Place the contaminated HazMat sock into empty plastic containers and seal them.  Sweep up the contaminated absorber into empty plastic containers and seal them.
	

	5
	Wipe all wetted surfaces of equipment, tools, and PPE with Wypall X80 towels.  If the towel indicates high pH, neutralize with vinegar.
	

	6
	Neutralize contaminated towels with vinegar and dispose of in IB4 trash.
	

	7
	Label all containers of contaminated material with the name of the material and the contaminant.
	

	8
	Remove and store PPE
	

	9
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on.
	

	10
	Contact the IB4/CPL waste generator for disposal of contaminated material
	


Table 2.3.5.3.1     Operating Procedure for Scrubber/Neutralizer Sodium Hydroxide Solution Spill of One Gallon or Less
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Figure 2.3.5.3.1  Sodium Hydroxide (Base) Spill Kit = Spill-X-C + HazMat Sock

2.3.5.4 Response to Spills of More Than One Gallon Inside the Scrubber/Neutralizer Secondary Containment Vessel
The operating procedure is listed in Table 2.3.5.4.1.
	Step
	Operating Procedure For Spills Of Either Sulfuric Acid Solution Or Sodium
Hydroxide Solution of More Than One Gallon Inside The Scrubber/Neutralizer Secondary Containment Vessel
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower / eyewash  (FNAL Communication Center must be notified prior to test)
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
· Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Don PPE
	

	3
	Empty the neutralizer reactor tank
	

	4
	Dilute the spill with water
	

	5
	Use a chemical pump to move the liquid into the neutralizer reactor tank
	

	6
	Neutralize the liquid in the reactor tank according to the batch treatment operating procedure Table 2.3.3.1.    
	

	7
	Clean up the remaining liquid in the secondary containment vessel using the instructions for spills of one gallon or less.  If the spill is sulfuric acid solution, use Table 2.3.5.1.1.  If the spill is sodium hydroxide solution, use Table 2.3.5.3.1
	

	8
	Wipe all wetted surfaces of equipment, tools, and PPE with Wypall X80 towels.  Neutralize the surface if the towel indicates a deviation from neutral pH.  Neutralize with sodium bicarbonate solution for low pH and vinegar for high pH.
	

	9
	Place contaminated towels, HazMat sock, and Spill-X absorber in sealed containers.
	

	10
	Label all containers of contaminated material with the name of the material and the contaminant.
	

	11
	Remove and store PPE
	

	12
	Turn off the “Authorized Entry Only/Acid Work In Progress” lamp / Turn Green light on.
	

	13
	Contact the IB4/CPL waste generator for disposal of contaminated material
	


Table 2.3.5.4.1     Operating Procedure For Spills Of More Than One Gallon Inside The Scrubber/Neutralizer Secondary Containment Vessel
2.3.5.5 Response to Sulfuric Acid Spill of More Than One Gallon Outside The Scrubber/Neutralizer Secondary Containment Vessel
The operating procedure is listed in Table 2.3.5.5.1.

The EP tool OPIC will be responsible for ensuring that enough Spill-X-A, or equivalent, is stored at the scrubber/neutralizer to absorb 50 gallons of sulfuric acid.
	Step
	Operating Procedure For Sulfuric Acid Spill Of More Than One Gallon
Outside The Scrubber/Neutralizer Secondary Containment Vessel
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower / eyewash
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
· Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Immediately notify the TD Environmental Officer/Waste Coordinator and the TD Senior Safety Officer (SSO)
	

	3
	Don PPE
	

	4
	Work to contain the spill using HazMat Sock
	

	5
	If there is a chance for fluid to escape the boundaries of the CPL chemical work footprint area, notify the FNAL Fire Department.  Assist the Fire Department Incident Commander in determining whether it is best to have personnel leave the building.
	

	6
	Assist the TD Environmental Officer and SSO to determine the best response to the spill.  If containment and/or cleanup of the spill is judged to be beyond the capabilities of the CPL chemical worker team, then the TD/Environmental Officer or their designee, will work with FNAL ES&H to arrange for a hazardous material response team handle the spill.  FNAL ES&H maintains an active list of companies that provide hazardous material response.  The CPL chemical work team will be prepared to meet the requirements of FESHM 8030     http://esh-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=423
Remediation contractor list :  http://www-esh.fnal.gov:8001/RemConMemo/Rem_Con.pdf
	

	7
	The EP Tool OPIC, EPTOs, and chemical workers should be prepared to use material from the Acid Spill Kit to contain and neutralize the liquid as per steps 3 through 10 of Table 2.3.5.1.1, “Operating Procedure for Scrubber/Neutralizer Sulfuric Acid Spill of One Gallon or Less”
	


Table 2.3.5.5.1     Operating Procedure For Sulfuric Acid Spill Of More Than One Gallon Outside The Scrubber/Neutralizer Secondary Containment Vessel





2.3.5.6 Response to a Sodium Hydroxide Solution Spill of More Than One Gallon Outside The Scrubber/Neutralizer Secondary Containment Vessel
The operating procedure is listed in Table 2.3.5.6.1.

The EP tool OPIC will be responsible for ensuring that enough Spill-X-C, or equivalent, is stored at the scrubber/neutralizer to absorb 50 gallons of sodium hydroxide solution.



	Step
	Operating Procedure For A Sodium Hydroxide Solution Spill Of More Than One
Gallon Outside The Scrubber/Neutralizer Secondary Containment Vessel
	Check

	Safety Requirements
	· Two man rule is in effect
· Test safety shower / eyewash
· Required PPE:
· Chemical splash goggles
· Face shield
· Tychem jumpsuit
· Poly boots
· Gloves:  inner nitrile / outer neoprene
· Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100
	

	1
	Turn on the “Authorized Entry Only/Acid Work In Progress” lamp
	

	2
	Immediately notify the TD Environmental Officer/Waste Coordinator and the TD Senior Safety Officer (SSO)
	

	3
	Don PPE
	

	4
	Work to contain the spill using HazMat Sock
	

	5
	If there is a chance for fluid to escape the boundaries of the CPL chemical work footprint area, notify the FNAL Fire Department.  Assist the FNAL Fire Department Incident Commander in determining whether it is best to have personnel leave the building.
	

	6
	Assist the TD Environmental Officer and SSO to determine the best response to the spill.  If containment and/or cleanup of the spill is judged to be beyond the capabilities of the CPL chemical worker team, then the TD/Environmental Officer or their designee, will work with FNAL ES&H to arrange for a hazardous material response team handle the spill.  FNAL ES&H maintains an active list of companies that provide hazardous material response.  The CPL chemical work team will be prepared to meet the requirements of FESHM 8030     http://esh-docdb.fnal.gov/cgi-bin/RetrieveFile?docid=423
Remediation contractor list :  http://www-esh.fnal.gov:8001/RemConMemo/Rem_Con.pdf
	

	7
	The EP Tool OPIC, EPTOs, and chemical workers should be prepared to use material from the Base Spill Kit to contain and neutralize the liquid as per steps 3 through 10 of Table 2.3.5.3.1, “Procedure for Scrubber/Neutralizer Sodium Hydroxide Solution Spill of One Gallon or Less” 
	


Table 2.3.5.6.1     Operating Procedure For A Sodium Hydroxide Solution Spill Of More Than One Gallon Outside The Scrubber/Neutralizer Secondary Containment Vessel

3 Integrated Quality Assurance
3.1 Inspection
The products of the scrubber/neutralizer are air that is safe to exhaust to the atmosphere and water that is safe to discharge to the IB4 sanitary sewer.  The quality of treated EP rinse water will be monitored by measuring its pH before discharge.  It will only be discharged if the pH meets the requirements of FESHM 8025.

FESHM 8025 states the following requirements:
· If wastewater pH is 5.5 pH  9.0, and meets all other discharge criteria, then any amount can be poured down the drain;
· If wastewater pH is either 2.0 pH <5.5 or 9.0< pH 12.5, and meets all other discharge criteria, then a maximum of 50 gallons per day can be poured down the drain.

Air discharged through the scrubber will not be monitored directly.  Discharge quality will be assured by monitoring the pH of the sodium hydroxide solution in the scrubber sumps and by verifying that the circulation pumps are operating.  The EP process will be stopped if the pH as measured by either monitor pH-2 or monitor pH-3 drops below a value of 12 or if a circulation pump stops working.  The operation of the circulation pumps can be verified by visual inspection through the view ports in scrubber stacks 1 and 2.

Stopping the EP process, i.e., turning off the EP power supply, will immediately reduce the amount of HF vapor being generated to acceptable levels.  The EP process will not resume until the problem with low pH is corrected.

Before the scrubber/neutralizer will be used to treat gas or rinse water from the EP tool, acceptable performance will be demonstrated according to the procedure in 5520-OP-464052, “IB4 CPL Scrubber/Neutralizer Commissioning OP”.

3.2 Documentation
A maintenance log will be kept for the scrubber/neutralizer.  This will be in book form and will be kept in the EP tool file cabinet.  All repairs as well as regularly scheduled cleaning and standardization of instrumentation will be recorded there.

A record of all material used for scrubber/neutralizer operation will be kept.  This includes sulfuric acid, sodium hydroxide, and muriatic acid.  Records will be kept in the scrubber/neutralizer maintenance log.

4 Integrated Safety Management
4.1 Safety and Health

Note:  Any internal surface of the scrubber/neutralizer fluid flow systems can, in principle, be contaminated with dilute hydrogen fluoride (HF) or dilute hydrofluoric acid.  Figure 4.1.1 shows the hazard code for hydrofluoric acid.
[image: ]
Figure 4.1.1   NFPA 704 Designation For Hydrofluoric Acid

Proper PPE and training are required for any operation involving potential exposure to HF or hydrofluoric acid.  Only authorized EP tool operators are allowed to service or operate the scrubber/neutralizer after it has been used to treat gas and rinse water from the EP tool.

4.1.1 Safety Requirements
Only authorized workers are allowed (unescorted) in the chemical work area of the CPL.  Please see Figure 1.1 for a view of the CPL floor plan.
Area control during chemical work is achieved as follows
· Restricted Entry:  There is only one entry door to the CPL area.  This door is always locked.  Only trained and authorized CPL chemical workers and EP tool operators have keys to this door.
· Warnings:  There is an array of warning lamps above the entry door to the CPL.  Key holders are trained that only authorized chemical workers are allowed inside the area when the “Authorized Entry Only / Acid Work in Progress” lamp is on.
· Further Restricted Entry:  Only a subset of key holders is allowed (unescorted) through the doorway between the tumbling area and the chemical work Area.  The authorized entry list is posted at this doorway.
· More Warnings:  There is another set of warning lamps located on the EP Tool.  These include an “Authorized Entry Only / Acid Work in Progress” lamp that is plainly visible from the doorway between the Tumbling Area and the Chemical Work Area.

Full details of the plan for area control are found in 5520-OP-464056, “IB4 CPL Area Control OP”.

4.1.2 Training Modules
Scrubber/neutralizer operators must be informed of all applicable FESHM chapters, TD and MDTL safety policies/procedures, and the associated Material Safety Data Sheets (MSDS).  The appendices contain reference MSDSs for sulfuric acid, sodium hydroxide, and muriatic acid used in this procedure.  In addition, MSDSs can also be found on-line in the Fermilab ES&H, MSDS database[footnoteRef:1]. Applicable FESHM chapters and TD policies include: [1:  http://www-esh.fnal.gov/owa_user/msds_search.html] 

· FESHM 5051 Hazard Communication
· FESHM 5100 PPE
· FESHM 8000 Environmental Protection
· FESHM 8021 Chemical and Radioactive Waste Management
· FESHM 8025 Wastewater Discharges to Sanitary Sewers
· FESHM 8030 Spills and Releases
· TD Chemical Hygiene Plan  (TD-4170)
Copies of these documents are kept in the EP Tool filing cabinet.

Any scrubber/neutralizer operator must also fulfill the following requirements:
· Read and understand hydrofluoric acid first aid instructions
· Read and understand the HF Emergency Response Procedures OP-333846
· Receive authorization according to specification 5520-OP-464050
· Complete Hydrofluoric Acid First Aid training: TD-000003-CR-01
· Complete Fermilab ES&H Hydrofluoric Acid Safety training: FN000404/CR
· Complete the Chemical Hygiene Plan training: TD505101-MDTL
· Complete Hazard Communication training: FN000156
· Complete the EP Process at MDTL training (classroom): TD-505102-01-CR
· Complete the EP Process at MDTL training (on-the-job): TD-505102-01-OJ
· Complete Safe Handling of SRF Cavities training:  FN000434/CR
· A State of Illinois EPA “Industrial Wastewater Treatment Works Operator” certificate is required for discharge of the contents of the neutralizer reactor tank to the IB4 sanitary sewer.
· In order to be qualified to operate the scrubber/neutralizer each individual shall receive a course of hands-on instruction for all aspects of the various procedures and techniques. 

4.1.3 Personal Protective Equipment
Protective garments must be worn to cover almost every area where chemicals could contact a worker.  This includes chemical splash goggles, face shield, gloves, boots, and a body suit.  The currently approved garments are listed in Table 4.1.3.1.














	PPE Requirements For Scrubber/Neutralizer Chemical Work

	Item
	Requirements
	Figure

	Coveralls
	1. Cover the body from the neck to the ankles, excluding the hands.
2. Acid/Base resistant;
3. Made of Tychem or Neoprene
4. Have elastic at both the wrists and ankles, or, if there is no elastic the wrists and ankles must be taped tightly.
5. Coveralls should be DUPONT® Tychem® SL Coveralls with Elastic Wrists and Ankles, or equivalent  (Lab Safety Supply part number 149007)
	4.1.3.1

	Chemical Splash Goggles/Face shield
	1. Cover the face and  head;
2. Chemical splash goggles (Uvex # S3960C or equivalent);
3. Face shield equipped with a polycarbonate window, crown protector and headgear. (3M WP96  82701-00000, or equivalent)
The face shield and chemical splash goggles are not meant to be acid/base resistant but are meant to protect from splashes.  
	4.1.3.2

	Gloves
	1. Two pair of gloves are to be worn;
2. Outer-gloves shall be Ansell Edmont, Embossed Grip, 17 mil thick Neoprene glove (Part #8159-8 from Lab Safety Supplies) or equivalent
3. A second pair of gloves that have at least minimal acid/base resistance must be worn under the outer gloves.
4. The inner pair of gloves should be VWR “Purple Nitrile Microgrip” or equivalent.  VWR part number 40101-348.
5. Gloves are to be inspected prior to each use (see statement below).
	4.1.3.3

	Boots
	1. Footwear shall consist of knee-boots made of Superpoly (urethane/vinyl compound) or other material rated with a high degree of resistance to acids, oils, and other chemicals (ONGUARD® Superpoly® 16"H, Steel-Toe Boot Mfr#853021133), or equivalent.
2. Minimum of 14 inches high to cover the ankles and part of the shin area.

For temporary use only (1 or 2 times until boots are ordered) an acid resistant spat that covers the top of the foot may be worn over the shoes.
	4.1.3.3

	Respirator
	Respirator with 3M™ Acid Gas Cartridge/Filter 60922, P100, or equivalent.  All respirators must be NIOSH or MSHA approved.  All respirator use must be approved and issued by TD/ES&H
	4.1.3.4


Table 4.1.3.1  PPE Requirements For Scrubber/Neutralizer Chemical Work

The elastic of the coveralls shall cover the gloves up to the wrists and on the ankles it shall cover over the top of the knee-boot down at the ankle.  This is to prevent any spills from touching the skin.

Gloves shall be inspected for tears or punctures and tested before each use.  Each glove shall be tested by inflating with air and then tying off the wrist area and then submerging the glove into a container of standing water.  If any air bubbles are detected, dispose of the gloves and test a new pair. New gloves must be inspected and tested before use.
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Figure 4.1.3.1  Tychem Jumpsuit With Elastic Cuffs



[image: IMG_1463]
Figure 4.1.3.2: Face Shield and Chemical Splash Goggles

  [image: IMG_1462][image: IMG_1460]
Figure 4.1.3.3  Embossed Neoprene Gloves, Yellow Spat And Superpoly Boot

One example of a suitable respirator is shown in Figure 4.1.3.4.
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Figure 4.1.3.4       3M 6000 Series Half-Mask Respirator and Filter Cartridge 60922/P100/Acid Gas

An appropriate filter cartridge is listed in Table 4.1.3.2.

	Filter Cartridge For Use With Sodium Hydroxide and Sulfuric Acid

	Chemical
	Filter Cartridge

	Sodium hydroxide dust/aerosol and sulfuric acid gas/aerosol
	3M™ Acid Gas Cartridge/Filter 60922, P100



Table 4.1.3.2       Filter Cartridge For Use With Sodium Hydroxide And Sulfuric Acid
All respirators and filter cartridges must be either NIOSH or MSHA approved and be approved and issued by TD ES&H.



4.1.4 Emergency Response
If at any time during Scrubber/Neutralizer work it is believed that a significant amount of sulfuric acid, muriatic acid or sodium hydroxide has come in contact with an unprotected portion of a worker’s body the emergency steps listed in Table 4.1.4.1




	Emergency Response To Scrubber/Neutralizer Worker Chemical Contact

	Contact
	Chemical
	Step
	Action 
	Check

	Skin

	Acid or Sodium Hydroxide

	1
	Remove clothing and rinse under safety shower/eyewash.  All contaminated clothing must be removed while rinsing with water
	

	
	
	2
	As soon as the exposure occurs “man number 2” must call 3131 and inform emergency personnel of the exposure
	

	
	
	3
	A second call must then be made to medical at 3232 to alert the doctor on duty of the exposure and to obtain his advice
	

	Eye

	Acid or Sodium Hydroxide

	1
	Flush the eyes and surrounding skin with water. Use the emergency eyewash station.  The eye lids should be lifted out so that the water can flush out that area.  Continue rinsing the eyes from the time of the exposure until treatment is done at the emergency room.  Note:  For eye exposure to sodium hydroxide, flush underneath eyelids with water for a minimum of 15 minutes
	

	
	
	2
	All contaminated clothing must be removed while rinsing with water
	

	
	
	3
	As soon as the exposure occurs “man number 2” must call 3131 and inform emergency personnel of the exposure
	

	
	
	4
	A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice
	

	
	
	5
	When emergency personnel arrive they must be alerted to the fact that it is an eye exposure and that the eyes should be flushed continuously with normal saline solution during transportation to the emergency room
	

	Inhalation

	Acid or Sodium Hydroxide

	1
	Do not put yourself into a dangerous situation by entering an area that has high levels of air born chemicals
	

	
	
	2
	Move the affected worker to fresh air as soon as it is safe to do so
	

	
	
	3
	Call 3131 and inform emergency personnel of the exposure
	

	
	
	4
	A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain their advice
	

	
	
	5
	Keep the affected worker warm and comfortable until the emergency response team arrives
	

	Ingestion

	Acid

	1
	Have the victim drink 1-2 glasses of water as quickly as possible to dilute the acid.  Do not induce vomiting.  Do not give baking soda.  Never give anything by mouth to an unconscious person
	

	
	
	2
	As soon as the exposure occurs “man number 2”  must call 3131 to notify emergency personnel of the exposure
	

	
	
	3
	A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice
	

	
	
	4
	Keep the affected worker warm and comfortable until the emergency response team arrives
	

	Ingestion

	Sodium Hydroxide
	1
	Rinse the affected workers mouth with water.  Do not induce vomiting.  Never give anything by mouth to an unconscious person
	

	
	
	2
	As soon as the exposure occurs “man number 2”  must call 3131 to notify emergency personnel of the exposure
	

	
	
	3
	A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice
	

	
	
	4
	Keep the affected worker warm and comfortable until the emergency response team arrives
	


Table 4.1.4.1  Emergency Response To Scrubber/Neutralizer Worker Chemical Contact
If at any time during Scrubber/Neutralizer work it is believed that a significant amount of dilute electrolyte has come in contact with an unprotected portion of a worker’s body the emergency steps listed in Table 4.1.4.2.

Please note:  Because the gas and rinse water from the EP tool have been diluted by more than a factor of 100, it is judged that there is not a significant risk of HF gas inhalation at the site of the scrubber/neutralizer.

	Emergency Response To Electrolyte Contact

	Contact
	Chemical
	Step    
	Action
	Check

	Skin
	electrolyte
	1
	Remove clothing and rinse under safety shower/eyewash.  All contaminated clothing must be removed while rinsing with water
	

	
	
	2
	As soon as the exposure occurs “man number 2” must call 3131 and inform emergency personnel of the exposure
	

	
	
	3
	A second call must then be made to medical at 3232 to alert the doctor on duty of the exposure and to obtain his advice
	

	
	
	4
	At the end of five minutes of flushing the area if medical assistance is not on hand to advise, begin applying 2.5% USP calcium gluconate to the affected area.  Disposable rubber gloves should be worn during the treatment to eliminate the possibility of receiving a secondary burn.  Liberal quantities of calcium gluconate must be massaged into the burned area continuously for up to several hours.  Relief of pain is an indicator of the efficiency of the antidote.
	

	Eye
	electrolyte
	1
	Flush the eyes and surrounding skin with water. Use the emergency eyewash station.  The eye lids should be lifted out so that the water can flush out that area.  Continue rinsing the eyes from the time of the exposure until treatment is done at the emergency room.
	

	
	
	2
	All contaminated clothing must be removed while rinsing with water
	

	
	
	3
	As soon as the exposure occurs “man number 2” must call 3131 and inform emergency personnel of the exposure
	

	
	
	4
	A second call must then be made to medical at 3232 to alert the doctor on duty of the exposure and to obtain his advice
	

	
	
	5
	When emergency personnel arrive they must be alerted to the fact that it is an HF exposure to the eyes and that the eyes should be flushed continuously with normal saline solution during transportation to the emergency room
	

	Ingestion
	electrolyte
	1
	Have the exposed worker drink 1-2 glasses of water as quickly as possible to dilute the acid.  Do not induce vomiting.  Do not give baking soda.  Never give anything by mouth to an unconscious person
	

	
	
	2
	Give several glasses of milk or several ounces of milk of magnesia, Mylanta, Maalox, or grind up and administer up to 30 Tums, Caltrate or other antacid tablets with water
	

	
	
	3
	As soon as the exposure occurs “man number 2”  must call 3131 to notify emergency personnel of the exposure
	

	
	
	4
	A second call must then be made to medical at 3232 to alert the doctor on duty of the acid exposure and to obtain his advice
	

	
	
	5
	Keep the exposed worker warm and comfortable until the emergency response team arrives
	


Table 4.1.4.2	Emergency Response To Electrolyte Contact

4.1.5	LOTO Requirements
LOTO is not required for day to day on-procedural operation of the scrubber/neutralizer.  Should repair, replacement, or adjustment of any component that uses or stores electro/mechanical energy be necessary,  scrubber/neutralizer LOTO operating procedure TD-512071  must be followed.  TD-512071 is appended to this document.

4.2 Environment
4.2.1 Waste Generated
4.2.1.1	Waste Generated During Normal Operation
4.2.1.1.1	Liquid Waste
Niobium electropolishing produces a compound of niobium and fluorine according to:

(Equation 4.2.1.1)		2Nb + 10HF + 2H2O  > 2H2NbOF5 + 5H2

Most of the H2NbOF5 will be suspended as oxyfluoroniobic acid in the waste electrolyte that is shipped away from FNAL for neutralization and disposal, and therefore will not be included in any wastewater discharge at FNAL.  After a maximal EP process, up to 200 grams of niobium will be contained in 27 liters of electrolyte.  This means that the one liter of electrolyte that could be dissolved in the EP tool rinse water could contain up to 7.4 grams of niobium in the form of H2NbOF5.  This equates to a total weight of 16.4 grams of H2NbOF5,  resulting in a concentration of approximately 14.4 mg/l of H2NbOF5 for a total neutralizer discharge of 300 gallons to the IB4 sanitary sewer.

The neutralization process produces sodium fluoride and sodium sulfate according to:

(Equation 1.1.1)			H2SO4+2NaOH = Na2SO4+2H2O
and
(Equation 1.1.2)			HF +NaOH = NaF + H2O

Each EP process that requires one liter of dilute electrolyte to be neutralized will produce 127 grams of  NaF and 2,397 grams of Na2SO4.  This results in a concentration of 112 mg/l for sodium fluoride and 2,111 mg/l for sodium sulfate for a total neutralizer discharge of 300 gallons.  A calculation for these quantities is appended to this document.

4.2.1.1.1	Gaseous Waste
Small amounts of HF gas and aerosolized sulfuric acid enter the scrubber as exhaust gas from the EP tool.  Both these chemical species are neutralized within the scrubber according to Equations 1.1.1 and 1.1.2.  The efficiency for neutralization in the scrubber is greater than 95%.

4.2.1.2	Waste Generated During Off Normal Operation
Off-normal conditions include corrective actions for spills.  These will result in the generation of used Spill-X absorber and used HazMat socks.  Used materials will be disposed of under the direction of the TD environmental officer.

4.2.1.3	Illinois Environmental Protection Agency Operating Permit for Air Quality
The lifetime operating permit # 79070012 of 5/8/09 has quantitative limits only for release of nitrogen oxides and particulate matter.  Neither of these species are produced by the EP tool or the scrubber/neutralizer.  The permit limits the use of the EP tool to less than 5,000 hours per year.  The maximum anticipated use is 500 hours per year.

4.2.1.4	Illinois Environmental Protection Agency Operating Permit for Water Quality
The numbers for waste water discharge from section 4.2.1.1.1 are more than a factor of seven lower than estimates for fluoride and sulfates submitted to the Illinois EPA with the FNAL application for the CPL wastewater operating permit.  Fluorides and sulfates are the only relevant species listed in the Illinois EPA requirement.  An excerpt from the FNAL permit application (Schedule N Waste Characteristics) is appended to this document.  Table 4.2.1.4.1 summarizes the amounts of fluoride and sulfate discharge.

	CPL Neutralizer Liquid Waste Discharge

	Species
	IL EPA Limit [mg/l]  av/max
	 CPL Neutralizer Discharge [mg/l]  av/max  

	H2NbOF5
	n/a
	7.2 / 14.4

	Fluoride
	3,620 / 5,480
	56 / 112

	Sulfate
	7,900 / 15,800
	1,056 / 2,111


Table 4.2.1.4.1       CPL Neutralizer Liquid Waste Discharge

4.2.2 Controls
· Both the scrubber and the neutralizer sit on a secondary containment vessel, thus minimizing the risk from spills or leaks.  The vessel can be seen in Figure 2.1.1 and Figure 2.1.2.
· A State of Illinois EPA “Industrial Wastewater Treatment Works Operator” class “K” certificate is required to discharge the contents of the neutralizer reactor tank to the IB4 sanitary sewer.
· In order to be qualified to operate the scrubber/neutralizer each individual shall receive a course of hands-on instruction for all aspects of the various procedures and techniques. 
· Care of the environment will be assured by monitoring the final product of the scrubber/neutralizer.  No fluid will be discharged that does not meet the requirements of FESHM 8025:
· If wastewater pH is 5.5 pH  9.0, and meets all other discharge criteria, then any amount can be discharged to the sanitary sewer
· If wastewater pH is either 2.0 pH <5.5 or 9.0< pH 12.5, and meets all other discharge criteria, then a maximum of 50 gallons per day can be discharged to the sanitary sewer

4.2.3 Response to Off Normal Occurrence
In the case of a failure of the Scrubber, any ongoing EP process will be stopped.  This will prevent un-neutralized gas from being discharged into the atmosphere.

In the case of a failure of the neutralizer, the contents of the reactor vessel will not be discharged to the sanitary sewer until the problem has been rectified.















Appendix A	Authorized Workers

A list of authorized workers per 5520-OP-464050 is maintained by TD headquarters and the TD/SMD Head.  All workers authorized for CPL electrolyte handling will sign the Hazard Analysis Form in Appendix B of this document.




Appendix B	FNAL Hazard Analysis Form
Hazard Analysis Form
This form can be used by Fermilab Employees, Fermilab Supervisors, Fermilab Task Managers, Construction Coordinators, Service Coordinators and Fermilab Subcontractors.  This is a dynamic document which may require modification as the project moves from start to finish and should be readily available at the site where the work is being performed. 
Note:  Not all sections of the first page are applicable to every job or task, complete what is necessary for your specific job or task.
Job Title 	Operation of the IB4/CPL/Scrubber/Neutralizer
Job Location	IB4 / CPL
Contract/Work Order #		Not Applicable	
TO BE COMPLETED FOR WORK INVOLVING SUBCONTRACTORS
Subcontractor (if applicable)				Fermilab
Company						Project Eng/C.M. 
Project Manager 						Phone
Phone 							TM/CC/SC 					
ESH Rep. 						Phone 				 Page 		
Phone 			 Page 				ES&H Rep. 					
							Phone 				 Page 		

AT LEAST TWO SIGNATURES ARE REQUIRED

|_|X	Prepared 					Date 26dec11
	
Print Name 	Anthony Crawford	

[bookmark: Check58]|_|	Accepted							Date 					
		
		Print Name 						

[bookmark: Check59]|_|	Accepted as noted						Date 					
		
		Print Name 						








Hazard Analysis Form Revised 11/08

Description of Work: 	 Operation of  the IB4/CPL/scrubber/neutralizer
		
Personal Protective Equipment:  (Check protective equipment required for the job.)
□ Safety glasses      □ Side shields	□ X   Chemical splash goggles	
□ Hearing Protection	□ Hard Hats	
□ 3.0 Brazing goggles	□ Impact goggles			
□ X   Face shield	□ Rubber apron				
□ Leather gloves	□ Hot/Cold thermal protective gloves
□ X   Chemical resistant gloves (specify type):	□ X Respirators P100 Acid Gas
	Neoprene + Nitrile					
□ X Other required PPE (specify): 	□ Fall protection equipment (specify):
Tychem jumpsuit; inner gloves(nitrile);Chemical resistant SuperPoly boots


Environmental Aspects (check one):  
□ X  Yes, I have thought about the environmental aspects of this job and will document such aspects and mitigation steps within this document. 

□ Yes, I have thought about the environmental aspects of this job and no such credible aspects exist and therefore do not need to be written in this document.


Equipment required for the job:  (List the tools needed to perform the job.)

WypAll X80 towels;  Nitrile gloves (disposable);Tyvek Labcoats,;PTFE covered thermocouple + readout
Work Plan History Information:  (List any lessons learned incidents from this job, tips from previous jobs)
The operation of the IB4/CPL/scrubber/neutralizer is based on experience, lessons learned, and feedback from a similar system at Argonne National Laboratory.  Lessons learned from ANL have been incorporated into the design and operational plan for the IB4/CPL/scrubber/neutralizer.

													

Improvement/Feedback:  At the conclusion of the job, the Task Manager, Supervisor and/or Project Leader shall work with those involved to consider lessons learned and receive feedback in order to improve future work plans.   

Check One:
□ X Yes we have considered lessons learned and accepted feedback on this job and will communicate such information so that future work plans may be improved. 
□ Yes we have considered lessons learned feedback and determined that future work plans do not need to be improved.















Hazard Analysis Form Revised 11/08

Utilizing the format below, identify hazards and environmental aspects, and their corresponding safety precautions/procedures to mitigate hazards.  Use as many sheets as necessary.

HAZARD ANALYSIS


	Step
	Description
	Hazards/
Environmental Aspects
	Precautions / Safety Procedures

	1
	Receive chemicals with damaged containers
	Worker contact/Equipment or Environmental damage
	Worker training +Authorization+ Inspection by qualified operators wearing PPE before acceptance of shipment.  (Reference 5520-OP-464053 Table 2.3.1.1.1 and Table 2.3.1.2.1)

	2
	Spill of chemicals at IB4/CPL
	Worker contact/Equipment or Environmental damage
	Worker training +Authorization+ PPE+ Spill response plan.   (Reference 5520-OP-464053 Section 2.3.5)

	3
	
Chemical leak while stored at IB4/CPL
	Worker contact/Equipment or Environmental damage
	Worker training +Authorization+ PPE+ Specialized storage facility+ Regular inspection+ Spill response plan.   (Reference 5520-OP-464053 Section 2.3.5)

	4
	Chemical spill while mixing
	Worker contact/Equipment or Environmental damage
	Worker training + Authorization +PPE+ Secondary containment for mixing vessel+ Spill response plan.   (Reference 5520-OP-464053 Section 2.3.5)

	5
	Gas or dust generated while mixing chemicals
	Worker contact
	Worker training + Authorization +PPE (including respirator).   (Reference 5520-OP-464053 Table 4.1.3.1)

	6
	Heat generated during mixing of chemicals
	Equipment or Environmental damage
	Worker training + Authorization +temperature monitoring.   (Reference 5520-OP-464053 Table 2.3.1.1.2, Table 2.3.1.2.2, and Table 2.3.3.1) 

	7
	
Leak of diluted chemical solution
	Worker contact/Equipment or Environmental damage
	Worker training + Authorization + PPE +Secondary containment +Spill response plan.   (Reference 5520-OP-464053 Section 2.3.5)

	8
	Spill of Muriatic acid
when cleaning pH probes
	Worker contact/Equipment or Environmental damage
	Worker training +Authorization +PPE+ Secondary containment+
Spill response plan.   (Reference 5520-OP-464053 Section 2.3.5)

	9
	Equipment Failure
	Environmental Damage
	Worker training +Authorization +Process monitoring +Shutdown Response


	10
	Release of high or low pH water to IB4 sanitary sewer
	Environmental Damage
	Manual pH verification, before release, by an Illinois EPA certified wastewater operator

















Hazard Analysis Form Revised 11/08
GUIDELINES FOR COMPLETING THE HAZARD ANALYSIS

	Phase of Work
	Safety Hazard
	Precautions/Safety Procedures

	Examining a specific job by breaking it down into a series of steps or tasks, will enable you to discover potential hazards employees may encounter.

Each job or operation will consist of a set of steps or tasks. For example, the job might be to move a box from a conveyor in the receiving area to a shelf in the storage area. To determine where a step begins or ends, look for a change of activity, change in direction or movement. 

Picking up the box from the conveyor and placing it on a hand truck is one step. The next step might be to push the loaded hand truck to the storage area (a change in activity. Moving the boxes from the truck and placing them on the shelf is another step. The final step might be returning the hand truck to the receiving area.

Be sure to list all steps needed to perform the job. Some steps may not be performed each time; an example could be checking the casters on the hand truck. However, if that step is generally part of the job it should be listed. 
	A hazard is a potential danger to a person or equipment. The purpose of the Job Safety Analysis is to identify ALL hazards- both those produced by the environment and those connected with the job procedure.

To identify hazards, ask yourself these questions about each step:

Is there a danger of the employee striking against, being struck by, or otherwise making injurious contact with an object?

Can the employee be caught in, by, or between objects?

Is there potential for slipping, tripping, or falling?

Could the employee suffer strains from pushing, pulling, lifting, bending, or twisting?

Is the environment hazardous to safety and/or health (toxic gas, vapor, mist, fumes, dust, heat, or radiation)?

Are there electrocution hazards?

Close observation and knowledge of the job is important. Examine each step carefully to find and identify hazards- the actions, conditions, and possibilities that could lead to an accident. Compiling an accurate and complete list of potential hazards will allow you to develop the recommended safe job procedures needed to prevent accidents.  
	Using the first two columns as a guide, decide what actions or procedures are necessary to eliminate or minimize the hazards that could lead to an accident, injury, or occupational illness.

Begin by trying to: 1) engineer the hazard out; 2) provide guards, safety devices, etc.; 3) provide personal protective equipment; 4) provide job instruction training; 5) maintain good housekeeping; 6) insure good ergonomics (positioning the person in relation to the machine or other elements in such a way as to improve safety).

List the recommended safe operating procedures. Begin with an action word. Say exactly what needs to be done to correct the hazard, such as, “lift using your leg muscles.” Avoid general statements such as, “be careful”, “use caution”, and “be alert”.

List the required or recommended personal protective equipment necessary to perform each step of the job.

Give a recommended action or procedure for each hazard.

Serious hazards should be corrected immediately. The JSA should then be changed to reflect the new conditions.

Finally, review your input on all three columns for accuracy and completeness. Determine if the recommended actions or procedures have been put in place. Re-evaluate the job safety analysis as necessary.



I have reviewed this hazard analysis and I understand the hazards and required precautionary actions.  I will follow the requirements of this hazard analysis or notify my supervisor or Fermilab contact if I am unable to do so.  

	Name and ID (please print)
	Signature
	Date
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Appendix C	MSDS
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Appendix C1   Hydrofluoric Acid MSDS					[image: ]

MSDS Number: H3994 * * * * * Effective Date: 08/18/05 * * * * * Supersedes: 07/07/04
[image: site11]
HYDROFLUORIC ACID
1. Product Identification
Synonyms: Fluorohydric acid; fluoric acid; Hydrogen fluoride solution 
CAS No.: 7664-39-3 
Molecular Weight: 20.01 
Chemical Formula: HF in Aqueous Solution. 
Product Codes: 
J.T. Baker: 5368, 5659, 5818, 5823, 5824, 5840, 5865, 6904, 9559, 9560, 9563, 9564, 9567, 9572, 9573, 9574, 9575 
Mallinckrodt: 2640, 2648, V141, V580 

2. Composition/Information on Ingredients
  Ingredient                            CAS No         Percent        Hazardous                                  
  -----------------------------------   ------------   ------------   ---------   
  Hydrogen Fluoride                     7664-39-3        48 - 52%        Yes                                                                   
  Water                                 7732-18-5        48 - 52%        No                                                                     

3. Hazards Identification
Emergency Overview 
-------------------------- 
POISON! DANGER! CORROSIVE. EXTREMELY HAZARDOUS LIQUID AND VAPOR. CAUSES SEVERE BURNS WHICH MAY NOT BE IMMEDIATELY PAINFUL OR VISIBLE. MAY BE FATAL IF SWALLOWED OR INHALED. LIQUID AND VAPOR CAN BURN SKIN, EYES AND RESPIRATORY TRACT. CAUSES BONE DAMAGE. REACTION WITH CERTAIN METALS GENERATES FLAMMABLE AND POTENTIALLY EXPLOSIVE HYDROGEN GAS. 

SAF-T-DATA(tm) Ratings (Provided here for your convenience) 
----------------------------------------------------------------------------------------------------------- 
Health Rating: 4 - Extreme (Poison) 
Flammability Rating: 0 - None 
Reactivity Rating: 2 - Moderate 
Contact Rating: 4 - Extreme (Corrosive) 
Lab Protective Equip: GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER GLOVES 
Storage Color Code: White (Corrosive)

Potential Health Effects - 
Exposure to hydrofluoric acid can produce harmful health effects that may not be immediately apparent. 
Inhalation: 
Severely corrosive to the respiratory tract. May cause sore throat, coughing, labored breathing and lung congestion/inflammation. 
Ingestion: 
Corrosive. May cause sore throat, abdominal pain, diarrhea, vomiting, severe burns of the digestive tract, and kidney dysfunction. 
Skin Contact: 
Corrosive to the skin. Skin contact causes serious skin burns which may not be immediately apparent or painful. Symptoms may be delayed 8 hours or longer. The fluoride ion readily penetrates the skin causing destruction of deep tissue layers and even bone. 
Eye Contact: 
Corrosive to the eyes. Symptoms of redness, pain, blurred vision, and permanent eye damage may occur. 
Chronic Exposure: 
Intake of more than 6 mg of fluorine per day may result in fluorosis, bone and joint damage. Hypocalcemia and hypomagnesemia can occur from absorption of fluoride ion into blood stream. 
Aggravation of Pre-existing Conditions: 
Persons with pre-existing skin disorders, eye problems, or impaired kidney or respiratory function may be more susceptible to the effects of this substance. 

4. First Aid Measures
For any route of contact: Detailed First Aid procedure should be planned before beginning work with HF. 
Inhalation: 
Get medical help immediately. If patient is unconscious, give artificial respiration or use inhalator. Keep patient warm and resting, and send to hospital after first aid is complete. 
Ingestion: 
If swallowed, DO NOT INDUCE VOMITING. Give large quantities of water. Never give anything by mouth to an unconscious person. Get medical attention immediately. 
Skin Contact: 
1) Remove the victim from the contaminated area and immediately place him under a safety shower or wash him with a water hose, whichever is available. 2) Remove all contaminated clothing. Handle all HF-contaminated material with gloves made of appropriate material, such as PVC or neoprene. 3) Keep washing with large amounts of water for a minimum of 15 minutes. 4) Have someone make arrangements for medical attention while you continue flushing the affected area with water. 5) If the following materials are available, limit the washing to five minutes and immerse the burned area in a solution of 0.2% iced aqueous Hyamine 1622 or 0.13% iced aqueous Zephiran Chloride. If immersion is not practical, towels should be soaked with one of the above solutions and used as compresses for the burn area. Ideally compresses should be changed every 2 minutes. Alternately, 2.5% calcium gluconate gel should be massaged into the affected area. 6) Seek medical attention as soon as possible for all burns regardless of how minor they may appear initially. Hyamine 1622 is a trade name for tetracaine benzethonium chloride, Merck Index Monograph 1078, a quaternary ammonium compound sold by Rohm & Haas, Philadelphia. Zephiran Chloride is a trade name for benzalkonium chloride, Merck Index Monograph 1059, also a quaternary ammonium compound, sold by Sanofi-Synthelabo Inc., New York, NY. 
Eye Contact: 
1) Irrigate eyes for at least 30 minutes with copious quantities of water, keeping the eyelids apart and away from eyeballs during irrigation. 2) Get competent medical attention immediately, preferably an eye specialist. 3) If a physician is not immediately available, apply one or two drops of ophthalmic anesthetic, (e.g., 0.5% Pontocaine Hydrochloride solution). 4) Do not use oily drops, ointment or HF skin burn treatments. Place ice pack on eyes until reaching emergency room. 

Note to Physician: 
General: For burns of moderate areas, (greater than 8 square inches), ingestion and significant inhalation exposure, severe systemic effects may occur, and admission to a critical care unit should be considered. Monitor and correct for hypocalcemia, cardiac arrhythmias, hypomagnesemia and hyperkalemia. In some cases renal dialysis may be indicated. 

Inhalation: Treat as chemical pneumonia. Monitor for hypocalcemia, 2.5% calcium gluconate in normal saline by nebulizer or by IPPB with 100% oxygen may decrease pulmonary damage. Bronchodilators may also be administered.

Skin: For deep skin burns or contact with concentrated HF (over 50%) solution, consider infiltration about the affected area with 5% calcium gluconate [equal parts of 10% calcium gluconate and sterile saline for injection]. Burns beneath the nail may require splitting the nail and application of calcium gluconate to the exposed nail bed. For certain burns, especially of the digits, use of intra-arterial calcium gluconate may be indicated. 

Eyes: Irrigation may be facilitated by use of Morgan lens or similar ocular irrigator, using 1% aqueous calcium gluconate solution [50ml of calcium gluconate 10% in 500 ml normal saline].

AN ALTERNATIVE FIRST AID PROCEDURE: The effect of HF, i.e. onset of pain, particularly in dilute solutions, may not be felt for up to 24 hours. It is important, therefore, that persons using HF have immediate access to an effective antidote even when they are away from their work place in order that first aid treatment can be commenced immediately.
We recommend that any person in contact with HF should carry, or have access to a tube of HF Antidote Gel at all times; ideally with one tube at the work place, one on the person and one at home.
It is imperative that any person who has been contaminated by HF should seek medical advice when the treatment by HF Antidote Gel has been applied. 
REFERENCES: 1. Browno, T.D. Treatment of Hydrofluoric Acid Burns 2. Sprout, W.L. et al Treatment of Severe Hydrofluoric Acid Exposures (Journal of American Occupational Medicine 25:12, 1993) 3. Bracken, W.M. et al Comparative Effectiveness of Topical Treatments for Hydrofluoric Acid Burns, University of Kansas (Journal of Occupational Medicine 27:10:1985) 4. Burke, W.J. , et al Systemic Fluoride Poisoning Resulting from A Fluoride Skin Burn (Journal of Occupational Medicine (5,39:1973)

HF ANTIDOTE GEL:
Distributed by Pharmascience Inc.
8400 Darnley Rd. Montreal, Canada. H4T 1M4
Phone: ( 514 ) 340 - 1114
Fax: ( 514 ) 342 - 7764
U.S. (Buffalo, NY) distributor: 1-800-207-4477

5. Fire Fighting Measures
Fire: 
Not considered to be a fire hazard. Fire may produce poisonous or irritating gases. 
Explosion: 
Violent exothermic reaction occurs with water. Sufficient heat may be produced to ignite combustible materials. Reacts with metals forming flammable Hydrogen gas. 
Fire Extinguishing Media: 
Keep upwind of fire. Use water or carbon dioxide on fires in which Hydrofluoric Acid is involved. Halon or foam may also be used. In case of fire, the sealed containers can be kept cool by spraying with water. 
Special Information: 
In the event of a fire, wear full protective clothing and NIOSH-approved self-contained breathing apparatus with full facepiece operated in the pressure demand or other positive pressure mode. Avoid getting water in tanks or drums; water can cause generation of heat and spattering. In contact with air, the acid gives off corrosive fumes which are heavier than air. 

6. Accidental Release Measures
Notify safety personnel, provide adequate ventilation, and remove ignition sources since hydrogen may be generated by reactions with metals. Wear appropriate personal protective equipment as specified in Section 8. Do not flush to sewers or waterways. Spills: Evacuate the danger area. Apply magnesium sulfate (dry) to the spill area. Follow up with inert absorbent and add soda ash or magnesium oxide and slaked lime. Collect in appropriate plastic containers and save for disposal. Wash spill site with soda ash solution. NOTE: Porous materials (concrete, wood, plastic, etc.) will absorb HF and become a hazard for an indefinite time. Such spills should be cleaned and neutralized immediately. US Regulations (CERCLA) require reporting spills and releases to soil, water and air in excess of reportable quantities. The toll free number for the US Coast Guard National Response Center is (800) 424-8802.

J. T. Baker TEAM® 'Low Na+' acid neutralizer is recommended for spills of this product. 

7. Handling and Storage
Keep in tightly closed polyethylene containers. Store in a cool, dry place with adequate ventilation separated from other chemicals. Protect from physical damage. Storage facilities should be constructed for containment and neutralization of spills. Handling and storage of HF requires special materials and technology for containers, pipes, valves, etc., which is available from suppliers. Containers of this material may be hazardous when empty since they retain product residues (vapors, liquid); observe all warnings and precautions listed for the product. 

8. Exposure Controls/Personal Protection
Airborne Exposure Limits: 
Hydrogen fluoride:
-OSHA Permissible Exposure Limit (PEL):
3 ppm (TWA)
ACGIH Threshold Limit Value (TLV):
3 ppm Ceiling as F 
Ventilation System: 
A system of local and/or general exhaust is recommended to keep employee exposures as low as possible. Local exhaust ventilation is generally preferred because it can control the emissions of the contaminant at its source, preventing dispersion of it into the general work area. Please refer to the ACGIH document, Industrial Ventilation, A Manual of Recommended Practices, most recent edition, for details. 
Personal Respirators (NIOSH Approved): 
If the exposure limit is exceeded, a full facepiece respirator with an acid gas cartridge may be worn up to 50 times the exposure limit or the maximum use concentration specified by the appropriate regulatory agency or respirator supplier, whichever is lowest. For emergencies or instances where the exposure levels are not known, use a full-facepiece positive-pressure, air-supplied respirator. WARNING: Air purifying respirators do not protect workers in oxygen-deficient atmospheres. Since the IDLH is low (30 ppm), the above cartridge system is not specifically approved for HF. (3M Respirator Selection Guide) 
Skin Protection: 
Wear protective clothing, including boots or safety shoes with polyvinyl chloride (PVC) or neoprene. Use chemical goggles and/or a full face shield. Wear coveralls with long sleeves, gauntlets and gloves of PVC or neoprene. A high degree of protection is obtained with an air-inflated suit with mask and safety belt. Use protection suitable for conditions. 
Eye Protection: 
Use chemical safety goggles and/or full face shield where splashing is possible. Maintain eye wash fountain and quick drench facilities in work area. 

9. Physical and Chemical Properties
Appearance:  Colorless, fuming liquid. 
Odor:  Acrid odor. Do not breathe fumes. 
Solubility:  Infinitely soluble. 
Specific Gravity:  1.15 -1.18 
pH:  1.0 (0.1M solution) 
% Volatiles by volume @ 21C (70F):  100 (as water and acid) 
Boiling Point:  108C (226F) 
Melting Point:  < -36C (< -33F) 
Vapor Density (Air=1):  1.97 
Vapor Pressure (mm Hg):  25 @ 20C (68F) 
Evaporation Rate (BuAc=1):  No information found. 

10. Stability and Reactivity
Stability: 
Stable at room temperature (68F) when stored and used under proper conditions. 
Hazardous Decomposition Products: 
On contact with metals, liberates hydrogen gas. On heating to decomposition, could yield toxic fumes of fluorides. Attacks glass and other silicon containing compounds. Reacts with silica to produce silicon tetrafluoride, a hazardous colorless gas. 
Hazardous Polymerization: 
Will not occur. 
Incompatibilities: 
Hydrofluoric acid is incompatible with arsenic trioxide, phosphorus pentoxide, ammonia, calcium oxide, sodium hydroxide, sulfuric acid, vinyl acetate, ethylenediamine, acetic anhydride, alkalis, organic materials, most common metals, rubber, leather, water, strong bases, carbonates, sulfides, cyanides, oxides of silicon, especially glass, concrete, silica, fluorine. Will also react with steam or water to produce toxic fumes. 
Conditions to Avoid: 
Moisture and incompatibles. 

11. Toxicological Information

Hydrofluoric acid: Inhalation rat LC50: 1276 ppm/1H; Investigated as a mutagen, reproductive effector. 
  --------\Cancer Lists\------------------------------------------------------
                                         ---NTP Carcinogen---
  Ingredient                             Known    Anticipated    IARC Category
  ------------------------------------   -----    -----------    -------------
  Hydrogen Fluoride (7664-39-3)           No          No            None
  Water (7732-18-5)                       No          No            None

12. Ecological Information
Environmental Fate: 
If the pH is > 6.5, soil can bind fluorides tightly. High calcium content will immobilize fluorides, which can be damaging to plants when present in acid soils. 
Environmental Toxicity: 
This material is expected to be slightly toxic to aquatic life. 60 ppm/*/Fish/Lethal/Fresh Water *=time period not specified. > 300ppm/48hr./Shrimp/LC50/Aerated Saltwater 

13. Disposal Considerations
Whatever cannot be saved for recovery or recycling should be handled as hazardous waste and sent to a RCRA approved incinerator or disposed in a RCRA approved waste facility. Processing, use or contamination of this product may change the waste management options. State and local disposal regulations may differ from federal disposal regulations. Dispose of container and unused contents in accordance with federal, state and local requirements. 

14. Transport Information
Domestic (Land, D.O.T.) 
----------------------- 
Proper Shipping Name: RQ, HYDROFLUORIC ACID (WITH NOT MORE THAN 60% STRENGTH) 
Hazard Class: 8, 6.1 
UN/NA: UN1790 
Packing Group: II 
Information reported for product/size: 500LB 

International (Water, I.M.O.) 
----------------------------- 
Proper Shipping Name: HYDROFLUORIC ACID (WITH NOT MORE THAN 60% STRENGTH) 
Hazard Class: 8, 6.1 
UN/NA: UN1790 
Packing Group: II 
Information reported for product/size: 500LB 

15. Regulatory Information
  --------\Chemical Inventory Status - Part 1\---------------------------------
  Ingredient                                       TSCA  EC   Japan  Australia
  -----------------------------------------------  ----  ---  -----  ---------
  Hydrogen Fluoride (7664-39-3)                     Yes  Yes   Yes      Yes                                      
  Water (7732-18-5)                                 Yes  Yes   Yes      Yes                                      
 
  --------\Chemical Inventory Status - Part 2\---------------------------------
                                                          --Canada--
  Ingredient                                       Korea  DSL   NDSL  Phil.
  -----------------------------------------------  -----  ---   ----  -----
  Hydrogen Fluoride (7664-39-3)                     Yes   Yes   No     Yes          
  Water (7732-18-5)                                 Yes   Yes   No     Yes
 
  --------\Federal, State & International Regulations - Part 1\----------------
                                             -SARA 302-    ------SARA 313------
  Ingredient                                 RQ    TPQ     List  Chemical Catg.
  -----------------------------------------  ---   -----   ----  --------------
  Hydrogen Fluoride (7664-39-3)              100   100     Yes        No
  Water (7732-18-5)                          No    No      No         No
 
  --------\Federal, State & International Regulations - Part 2\----------------
                                                        -RCRA-    -TSCA-
  Ingredient                                 CERCLA     261.33     8(d) 
  -----------------------------------------  ------     ------    ------
  Hydrogen Fluoride (7664-39-3)              100        U134       No        
  Water (7732-18-5)                          No         No         No                                                                
 
Chemical Weapons Convention:  Yes    TSCA 12(b):  No     CDTA:  No
SARA 311/312:  Acute: Yes      Chronic: Yes  Fire: No  Pressure: No
Reactivity: Yes         (Mixture / Liquid)

Australian Hazchem Code: 2R 
Poison Schedule: S7 
WHMIS: 
This MSDS has been prepared according to the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS contains all of the information required by the CPR. 

16. Other Information
NFPA Ratings: Health: 4 Flammability: 0 Reactivity: 1 
Label Hazard Warning: 
POISON! DANGER! CORROSIVE. EXTREMELY HAZARDOUS LIQUID AND VAPOR. CAUSES SEVERE BURNS WHICH MAY NOT BE IMMEDIATELY PAINFUL OR VISIBLE. MAY BE FATAL IF SWALLOWED OR INHALED. LIQUID AND VAPOR CAN BURN SKIN, EYES AND RESPIRATORY TRACT. CAUSES BONE DAMAGE. REACTION WITH CERTAIN METALS GENERATES FLAMMABLE AND POTENTIALLY EXPLOSIVE HYDROGEN GAS. 
Label Precautions: 
Do not get in eyes, on skin, or on clothing.
Do not breathe vapor.
Cool before opening.
Use only with adequate ventilation.
Wash thoroughly after handling.
Store in a tightly closed container. 
Label First Aid: 
IN ALL CASES, CALL PHYSICIAN IMMEDIATELY. First Aid procedures should be pre-planned for HF emergencies. A supply of 50:50 water/magnesium sulfate paste or 2 1/2% Calcium Gluconate paste should be available where first aid medications are administered. If ingested, DO NOT INDUCE VOMITING. If patient is conscious, give large quantities of milk or water and send to hospital. If inhaled and patient is unconscious, give artificial respiration or use inhalator and send to hospital. In case of eye contact, wash open eyes with large but gentle stream of water for 15 minutes. Place ice pack on eyes until reaching emergency room. In case of skin contact, remove contaminated clothing and wash burn area with plenty of water to remove acid. Cover burn area with a poultice of 50:50 water/magnesium sulfate paste or 2 1/2% calcium gluconate paste. Leave in place until medical help arrives or patient is transferred to hospital. 
Product Use: 
Laboratory Reagent. 
Revision Information: 
MSDS Section(s) changed since last revision of document include: 3. 
Disclaimer: 
*******************************************************************************
Mallinckrodt Baker, Inc. provides the information contained herein in good faith but makes no representation as to its comprehensiveness or accuracy. This document is intended only as a guide to the appropriate precautionary handling of the material by a properly trained person using this product. Individuals receiving the information must exercise their independent judgment in determining its appropriateness for a particular purpose. MALLINCKRODT BAKER, INC. MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR IMPLIED, INCLUDING WITHOUT LIMITATION ANY WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE WITH RESPECT TO THE INFORMATION SET FORTH HEREIN OR THE PRODUCT TO WHICH THE INFORMATION REFERS. ACCORDINGLY, MALLINCKRODT BAKER, INC. WILL NOT BE RESPONSIBLE FOR DAMAGES RESULTING FROM USE OF OR RELIANCE UPON THIS INFORMATION. 
*******************************************************************************
Prepared by: Environmental Health & Safety
Phone Number: (314) 654-1600 (U.S.A.) 
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MSDS for   SULFURIC ACID                                 
   1 - PRODUCT IDENTIFICATION
PRODUCT NAME:     SULFURIC ACID
FORMULA:          H2SO4
FORMULA WT:          98.08
CAS NO.:           7664-93-9
NIOSH/RTECS NO.:  WS5600000
COMMON SYNONYMS:  OIL OF VITRIOL
PRODUCT CODES:    5030,9691,9675,5340,9679,9687,9674,9686,9694,9681,5374,9688
                  9673,5432,5137,9685,4802,9684,9683,5643,9680
  EFFECTIVE: 09/08/86
  REVISION #02
                            PRECAUTIONARY LABELLING
BAKER SAF-T-DATA(TM) SYSTEM
                      HEALTH        -  3  SEVERE (POISON)
                      FLAMMABILITY  -  0  NONE
                      REACTIVITY    -  3  SEVERE (WATER REACTIVE)
                      CONTACT       -  4  EXTREME (CORROSIVE)
HAZARD RATINGS ARE 0 TO 4 (0 = NO HAZARD; 4 = EXTREME HAZARD).
LABORATORY PROTECTIVE EQUIPMENT
GOGGLES & SHIELD; LAB COAT & APRON; VENT HOOD; PROPER GLOVES
PRECAUTIONARY LABEL STATEMENTS
                               POISON DANGER
                              HARMFUL IF INHALED
                              CAUSES SEVERE BURNS
                           MAY BE FATAL IF SWALLOWED
                         REACTS VIOLENTLY WITH WATER.
DO NOT GET IN EYES, ON SKIN, ON CLOTHING.
DO NOT BREATHE VAPOR.  KEEP IN TIGHTLY CLOSED CONTAINER.  LOOSEN CLOSURE
CAUTIOUSLY.  USE WITH ADEQUATE VENTILATION.  WASH THOROUGHLY AFTER
HANDLING.  IN CASE OF SPILL NEUTRALIZE WITH SODA ASH OR LIME AND PLACE IN
DRY CONTAINER.

SAF-T-DATA(TM) STORAGE COLOR CODE:     WHITE (CORROSIVE)
------------------------------------------------------------------------------
   2 - HAZARDOUS COMPONENTS
------------------------------------------------------------------------------
                          COMPONENT                         %      CAS NO.
SULFURIC ACID                                            90-100  7664-93-9
------------------------------------------------------------------------------
   3 - PHYSICAL DATA
--------------------------------------------------------------------------
MSDS for   SULFURIC ACID                                  Page  2
------------------------------------------------------------------------------
BOILING POINT:      327 C (   621 F)          VAPOR PRESSURE(MM HG): <0.3
MELTING POINT:       -2 C (    28 F)          VAPOR DENSITY(AIR=1):  3.4
SPECIFIC GRAVITY:  1.84                       EVAPORATION RATE:      <1
   (H2O=1)                                       (BUTYL ACETATE=1)
SOLUBILITY(H2O):     COMPLETE (IN ALL PROPORTIONS) % VOLATILES BY VOLUME: N/A
APPEARANCE & ODOR:  CLEAR, COLORLESS TO LIGHT YELLOW, OILY ODORLESS LIQUID.
------------------------------------------------------------------------------
   4 - FIRE AND EXPLOSION HAZARD DATA
------------------------------------------------------------------------------
FLASH POINT (CLOSED CUP   N/A                 NFPA 704M RATING:  3-0-2 W
FLAMMABLE LIMITS:  UPPER - N/A  %       LOWER - N/A  %
FIRE EXTINGUISHING MEDIA
  USE DRY CHEMICAL OR CARBON DIOXIDE.  DO NOT USE WATER.
SPECIAL FIRE-FIGHTING PROCEDURES
  FIREFIGHTERS SHOULD WEAR PROPER PROTECTIVE EQUIPMENT AND SELF-CONTAINED
  BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN POSITIVE PRESSURE MODE.
  DO NOT GET WATER INSIDE CONTAINERS.
UNUSUAL FIRE & EXPLOSION HAZARDS
  REACTS WITH MOST METALS TO PRODUCE HYDROGEN GAS, WHICH CAN FORM AN
  EXPLOSIVE MIXTURE WITH AIR.
  A VIOLENT EXOTHERMIC REACTION OCCURS WITH WATER. SUFFICIENT HEAT
  MAY BE PRODUCED TO IGNITE COMBUSTIBLE MATERIALS.
TOXIC GASES PRODUCED
  SULFUR DIOXIDE
------------------------------------------------------------------------------
   5 - HEALTH HAZARD DATA
------------------------------------------------------------------------------
THRESHOLD LIMIT VALUE (TLV/TWA):   1    MG/M3 (       PPM)
PERMISSIBLE EXPOSURE LIMIT (PEL):  1    MG/M3 (       PPM)
TOXICITY:   LD50 (ORAL-RAT)(MG/KG)          -  2140
CARCINOGENICITY:  NTP: NO     IARC: NO     Z LIST: NO     OSHA REG: NO
EFFECTS OF OVEREXPOSURE
  INHALATION OF VAPORS MAY CAUSE SEVERE IRRITATION OF THE RESPIRATORY SYSTEM.
  LIQUID MAY CAUSE SEVERE BURNS TO SKIN AND EYES.
  INGESTION IS HARMFUL AND MAY BE FATAL.
  INGESTION MAY CAUSE NAUSEA AND VOMITING.
  INGESTION MAY CAUSE SEVERE BURNS TO MOUTH, THROAT, AND STOMACH.  MAY HAVE
  ADVERSE EFFECT ON KIDNEY FUNCTION AND MAY BE FATAL.
------------------------------------------------------------------------------
MSDS for   SULFURIC ACID                                  
------------------------------------------------------------------------------
  CHRONIC OVEREXPOSURE MAY RESULT IN LUNG DAMAGE.
TARGET ORGANS
  RESPIRATORY SYSTEM, EYES, SKIN, TEETH
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE
  NONE IDENTIFIED
ROUTES OF ENTRY
  INHALATION, INGESTION, EYE CONTACT, SKIN CONTACT
EMERGENCY AND FIRST AID PROCEDURES
  CALL A PHYSICIAN.
  IF SWALLOWED, DO NOT INDUCE VOMITING; IF CONSCIOUS, GIVE WATER, MILK, OR
  MILK OF MAGNESIA.
  IF INHALED, REMOVE TO FRESH AIR.  IF NOT BREATHING, GIVE ARTIFICIAL
  RESPIRATION.  IF BREATHING IS DIFFICULT, GIVE OXYGEN.
  IN CASE OF CONTACT, IMMEDIATELY FLUSH EYES OR SKIN WITH PLENTY OF WATER FOR
  AT LEAST 15 MINUTES WHILE REMOVING CONTAMINATED CLOTHING AND SHOES.
  WASH CLOTHING BEFORE RE-USE.
------------------------------------------------------------------------------
   6 - REACTIVITY DATA
------------------------------------------------------------------------------
STABILITY:  STABLE                 HAZARDOUS POLYMERIZATION:  WILL NOT OCCUR
CONDITIONS TO AVOID:    MOISTURE, HEAT
INCOMPATIBLES:          WATER, MOST COMMON METALS, ORGANIC MATERIALS,
                        STRONG REDUCING AGENTS, COMBUSTIBLE MATERIALS,
                        STRONG BASES, STRONG OXIDIZING AGENTS
DECOMPOSITION PRODUCTS: OXIDES OF SULFUR
------------------------------------------------------------------------------
   7 - SPILL AND DISPOSAL PROCEDURES
------------------------------------------------------------------------------
STEPS TO BE TAKEN IN THE EVENT OF A SPILL OR DISCHARGE
  WEAR SELF-CONTAINED BREATHING APPARATUS AND FULL PROTECTIVE CLOTHING.
  STOP LEAK IF YOU CAN DO SO WITHOUT RISK.  DO NOT USE WATER.
  NEUTRALIZE SPILL AND/OR WASHINGS WITH SODA ASH OR LIME.
  WITH CLEAN SHOVEL, PLACE MATERIAL INTO CLEAN, DRY CONTAINER AND COVER.
  MOVE CONTAINER(S) FROM SPILL AREA.
  J. T. BAKER NEUTRASORB(R) OR NEUTRASOL(R) "LOW NA+" ACID NEUTRALIZERS
  ARE RECOMMENDED FOR SPILLS OF THIS PRODUCT.
DISPOSAL PROCEDURE
  DISPOSE IN ACCORDANCE WITH ALL APPLICABLE FEDERAL, STATE, AND LOCAL
  ENVIRONMENTAL REGULATIONS.
EPA HAZARDOUS WASTE NUMBER:          D002, D003 (CORROSIVE, REACTIVE WASTE)
------------------------------------------------------------------------------
   8 - PROTECTIVE EQUIPMENT
MSDS for   SULFURIC ACID                                 
------------------------------------------------------------------------------
VENTILATION:             USE GENERAL OR LOCAL EXHAUST VENTILATION TO MEET
                         TLV REQUIREMENTS.
RESPIRATORY PROTECTION:  NONE REQUIRED WHERE APPROPRIATE VENTILATION
                         CONDITIONS EXIST.  IF THE TLV IS EXCEEDED, A SELF-
                         CONTAINED BREATHING APPARATUS IS ADVISED.
EYE/SKIN PROTECTION:     SAFETY GOGGLES AND FACE SHIELD, UNIFORM,
                         PROTECTIVE SUIT, RUBBER GLOVES ARE RECOMMENDED.
------------------------------------------------------------------------------
   9 - STORAGE AND HANDLING PRECAUTIONS
------------------------------------------------------------------------------
SAF-T-DATA(TM) STORAGE COLOR CODE:     WHITE (CORROSIVE)
SPECIAL PRECAUTIONS
  KEEP CONTAINER TIGHTLY CLOSED.  STORE IN CORROSION-PROOF AREA.
  KEEP CONTAINERS OUT OF SUN AND AWAY FROM HEAT.
------------------------------------------------------------------------------
  10 - TRANSPORTATION DATA AND ADDITIONAL INFORMATION
------------------------------------------------------------------------------
DOMESTIC (D.O.T.)
PROPER SHIPPING NAME     SULFURIC ACID
HAZARD CLASS             CORROSIVE MATERIAL (LIQUID)
UN/NA                    UN1830
LABELS                   CORROSIVE
REPORTABLE QUANTITY      1000 LBS.
INTERNATIONAL (I.M.O.)
PROPER SHIPPING NAME     SULPHURIC ACID
HAZARD CLASS             8
UN/NA                    UN1830
LABELS                   CORROSIVE
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[bookmark: Section1]SODIUM HYDROXIDE,PELLETS 

Product Identification: 3722 SODIUM HYDROXIDE,PELLETS
Date of MSDS: 11/18/1994 Technical Review Date: 06/14/1996
FSC: 6810 NIIN: LIIN: 00F048380
Submitter: F BT
Status Code: C
MFN: 01
Article: N
Kit Part: N
Manufacturer's Information
Manufacturer's Name: J T BAKER INC
Post Office Box: N/K
Manufacturer's Address1: 222 RED SCHOOL LANE
Manufacturer's Address2: PHILLIPSBURG, NJ 08865-2219
Manufacturer's Country: US
General Information Telephone: 908-859-2151
Emergency Telephone: 908-859-2151
Emergency Telephone: 908-859-2151
MSDS Preparer's Name: N/P
Proprietary: N
Reviewed: Y
Published: Y
CAGE: DO803
Special Project Code: N
Preparer Information
Preparer's Name: J T BAKER INC
Post Office Box: N/K
Preparer's Address1: 222 RED SCHOOL LANE
Preparer's Address2: PHILLIPSBURG, NJ 08865
Preparer's CAGE: DO803
Assigned Individual: Y
Contractor Information
Contractor's Name: J T BAKER INC
Post Office Box: N/K
Contractor's Address1: 222 RED SCHOOL LANE
Contractor's Address2: PHILLIPSBURG, NJ 08865
Contractor's Telephone: 1-800-582-2537
Contractor's CAGE: DO803
Contractor Information
[bookmark: Section2]Contractor's Name: MALLINCKRODT BAKER, INC. (FORMERLY J.T. BAKER INC)
Contractor's Address1: 222 RED SCHOOL LANE
Contractor's Address2: PHILLIPSBURG, NJ 08865-2219
Contractor's Telephone: 800-582-2537
Contractor's CAGE: 70829

Section 2 - Compositon/Information on Ingredients 
3722 SODIUM HYDROXIDE,PELLETS 

[bookmark: Section3]Ingredient Name: SODIUM HYDROXIDE, CAUSTIC SODA, LYE
Ingredient CAS Number: 1310-73-2 Ingredient CAS Code: M
RTECS Number: WB4900000 RTECS Code: M
=WT: =WT Code: 
=Volume: =Volume Code: 
>WT: >WT Code: 
>Volume: >Volume Code: 
<WT: <WT Code: 
<Volume: <Volume Code: 
% Low WT: % Low WT Code: 
% High WT: % High WT Code: 
% Low Volume: % Low Volume Code: 
% High Volume: % High Volume Code:
% Text: 40
% Enviromental Weight: 
Other REC Limits: 2MG/M3 CEILING NIOSH
OSHA PEL: 2 MG/CUM OSHA PEL Code: M
OSHA STEL: OSHA STEL Code: 
ACGIH TLV: 2 MG/CUM CEILING ACGIH TLV Code: M
ACGIH STEL: N/P ACGIH STEL Code: 
EPA Reporting Quantity: 1000 LBS
DOT Reporting Quantity: 1000 LBS
Ozone Depleting Chemical: N

Section 3 - Hazards Identification, Including Emergency Overview
3722 SODIUM HYDROXIDE,PELLETS
Health Hazards Acute & Chronic: INHALATION: HARMFUL, SEVERE IRRITATION/BURNS OF RESPIRATORY SYSTEM, PULMONARY EDEMA, LUNG INFLAMMATION MAY CAUSE RESPIRATORY SYSTEM DAMAGE. SKIN: SEVERE IRRITATION/BURNS. EYES: SEVERE IRRITATION/BURNS , PERMANENT CORNEAL DAMAGE. INGESTION: HARMFUL/FATAL, SEVERE BURNS TO MOUTH, THROAT & STOMACH. 

Signs & Symptoms of Overexposure: 
IRRITATION, BURNS, NAUSEA, VOMITING. 

Medical Conditions Aggravated by Exposure: 
DAMAGED SKIN. 

LD50 LC50 Mixture: N/P
Route of Entry Indicators: 
Inhalation: YES 
Skin: NO 
Ingestion: YES
Carcenogenicity Indicators 
NTP: NO 
IARC: NO 
OSHA: NO
[bookmark: Section4]Carcinogenicity Explanation: NONE 

Section 4 - First Aid Measures 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section5]First Aid: 
INGESTION: DON'T INDUCE VOMITING. IF CONSCIOUS, GIVE LARGE AMOUNTS OF WATER. FOLLOW W/DILUTED VINEGAR, FRUIT JUICE/WHITES OF EGGS BEATEN W/WATER. INHALATION: REMOVE TO FRESH AIR. GIVE CPR/OXYGEN IF NE EDED. PROMPT ACTION IS ESSENTIAL. SKIN/EYES: IMMEDIATELY FLUSH W/PLENTY OF WATER FOR 15 MINS. OBTAIN MEDICAL ATTENTION IN ALL CASES. (SEE SUPP) 

Section 5 - Fire Fighting Measures 
3722 SODIUM HYDROXIDE,PELLETS
Fire Fighting Procedures: 
WEAR PROPER PROTECTIVE EQUIPMENT & SCBA W/FULL FACEPIECE OPERATED IN POSITIVE PRESSURE MODE. FLOOD W/WATER SPRAY TO PREVENT SPLASHING OF MATERIAL. 
Unusual Fire or Explosion Hazard: 
CONTACT W/MOISTURE/WATER MAY GENERATE HEAT TO IGNITE COMBUSTIBLE MATERIALS. REACTS W/MOST METALS TO PRODUCE HYDROGEN GAS WHICH FORM EXPLOSIVE MIXTURE W/AIR. 
Extinguishing Media: 
USE EXTINGUISHING MEDIA APPROPRIATE FOR SURROUNDING FIRE.
Flash Point: Flash Point Text: N/K
Autoignition Temperature: 
Autoignition Temperature Text: N/A 
Lower Limit(s): N/K 
Upper Limit(s): N/K
[bookmark: Section6]
Section 6 - Accidental Release Measures 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section7]Spill Release Procedures: 
WEAR SCBA & FULL PROTECTIVE CLOTHING. W/CLEAN SHOVEL, CAREFULLY PLACE MATERIAL INTO CLEAN, DRY CONTAINER & COVER; REMOVE FROM AREA. FLUSH AREA W/WATER. 

Section 7 - Handling and Storage 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section8]Handling and Storage Precautions: 

Other Precautions: 

Section 8 - Exposure Controls & Personal Protection 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section9]Repiratory Protection: 
IF AIRBORNE CONCENTRATION EXCEEDS TLV AT 100 PPM, A HIGH EFFICIENCY PARTICULATE RESPIRATOR IS RECOMMENDED. ABOVE THIS LEVEL, A SCBA IS ADVISED. 
Ventilation: 
GENERAL/LOCAL EXHAUST TO MEET TLV REQUIREMENTS.
Protective Gloves: 
NEOPRENE
Eye Protection: SAFETY GOGGLES
Other Protective Equipment: APRON, UNIFORM, LAB COAT, LABORATORY PROTECTIVE EQUIPMENT.
Work Hygenic Practices: N/P
Supplemental Health & Safety Information: N/P 

Section 9 - Physical & Chemical Properties 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section10]HCC: C2
NRC/State License Number: 
Net Property Weight for Ammo: 
Boiling Point: Boiling Point Text: 2534F
Melting/Freezing Point: Melting/Freezing Text: 604F
Decomposition Point: Decomposition Text: N/K
Vapor Pressure: <1 Vapor Density: N/K
Percent Volatile Organic Content: 
Specific Gravity: 2.13
Volatile Organic Content Pounds per Gallon: 
pH: 14
Volatile Organic Content Grams per Liter: 
Viscosity: N/P
Evaporation Weight and Reference: N/K
Solubility in Water: APPRECIABLE
Appearance and Odor: WHITE PELLETS/FLAKES, ODORLESS
Percent Volatiles by Volume: 0
Corrosion Rate: N/K

Section 10 - Stability & Reactivity Data 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section11]Stability Indicator: YES
Materials to Avoid: 
WATER/STRONG ACIDS/MOST METALS/COMBUSTIBLE MATERIALS/ORGANIC MATERIALS/ZINC/ALUMINUM/PEROXIDES/HALOGENATED HYDROCARBONS.
Stability Condition to Avoid: 
MOISTURE
Hazardous Decomposition Products: 
REACTS VIOLENTLY W/WATER & ACIDS.
Hazardous Polymerization Indicator: NO
Conditions to Avoid Polymerization: 
N/K

Section 11 - Toxicological Information 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section12]Toxicological Information: 
N/P 

Section 12 - Ecological Information 
3722 SODIUM HYDROXIDE,PELLETS 

[bookmark: Section13]Ecological Information: 
N/P 

Section 13 - Disposal Considerations 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section14]Waste Disposal Methods: 
DISPOSE OF IAW/FEDERAL, STATE & LOCAL REGULATIONS. EPA HAZARDOUS WASTE NUMBER: D002, D003 CORROSIVE, REACTIVE WASTE. 

Section 14 - MSDS Transport Information 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section15]Transport Information: 
N/P 

Section 15 - Regulatory Information 
3722 SODIUM HYDROXIDE,PELLETS
[bookmark: Section16]SARA Title III Information: 
N/P 
Federal Regulatory Information: 
N/P 
State Regulatory Information: 
N/P 

Section 16 - Other Information 
3722 SODIUM HYDROXIDE,PELLETS
HAZCOM Label Information 
Product Identification: 3722 SODIUM HYDROXIDE,PELLETS
CAGE: DO803
Assigned Individual: Y
Company Name: J T BAKER INC
Company PO Box: N/K
Company Street Address1: 222 RED SCHOOL LANE
Company Street Address2: PHILLIPSBURG, NJ 08865 US
Health Emergency Telephone: 908-859-2151
Label Required Indicator: Y
Date Label Reviewed: 12/16/1998
Status Code: C
Manufacturer's Label Number: 
Date of Label: 12/16/1998
Year Procured: N/K
Organization Code: G
Chronic Hazard Indicator: N/P
Eye Protection Indicator: N/P
Skin Protection Indicator: N/P
Respiratory Protection Indicator: N/P
Signal Word: N/P
Health Hazard: 
Contact Hazard: 
Fire Hazard: 
Reactivity Hazard: 

Appendix C4 	Muriatic Acid						[image: ]
Material Safety Data Sheet
Hydrochloric acid 32-38% solution
MSDS# 11155
Section 1 - Chemical Product and Company Identification
MSDS
Name: Hydrochloric acid 32-38% solution
Catalog
Numbers:
A142-212, A142P-20, A144-212, A144-212LC, A144-500, A144-500LB, A144-612GAL, A144C-212,
A144C-212EA, A144P-20, A144S-212, A144S-212EA, A144S-212LC, A144S-500, A144SI-212,
A466-1, A466-2, A466-250, A466-2LC, A466-500, A481-212, A481-212LC, A508-212, A508-
212LC, A508-4, A508-500, A508SK-212, NC9373124, S71942SC, S71942SCND, S71943,
S71943ND, S80038, SA49
Synonyms: Muriatic acid; Chlorohydric acid; Hydrogen chloride in aqueous solution.
Company Identification:
Fisher Scientific
One Reagent Lane
Fair Lawn, NJ 07410
For information in the US, call: 201-796-7100
Emergency Number US: 201-796-7100
CHEMTREC Phone Number, US: 800-424-9300
Section 2 - Composition, Information on Ingredients
----------------------------------------
Risk Phrases: 34 37
CAS#: 7647-01-0
Chemical Name: Hydrogen chloride
%: 32-38
EINECS#: 231-595-7
Hazard Symbols: C
----------------------------------------
----------------------------------------
Risk Phrases:
CAS#: 7732-18-5
Chemical Name: Water
%: 62-68
EINECS#: 231-791-2
Hazard Symbols:
----------------------------------------
Hazard Symbols: C
􀀃􀀃
Risk Phrases: 34 37
Section 3 - Hazards Identification
EMERGENCY OVERVIEW
Danger! Causes eye and skin burns. Causes digestive and respiratory tract burns. Corrosive to metal. Repeated or
prolonged exposure may cause erosion of exposed teeth. May be fatal if inhaled or swallowed. Target Organs: Respiratory
system, gastrointestinal system, teeth, eyes, skin.
Potential Health Effects
Eye: May cause irreversible eye injury. Vapor or mist may cause irritation and severe burns. Contact with liquid is
corrosive to the eyes and causes severe burns.
Skin: Contact with liquid is corrosive and causes severe burns and ulceration. The severity of injury depends on the
concentration of the solution and the duration of exposure.
Ingestion: Causes severe digestive tract burns with abdominal pain, vomiting, and possible death. May cause corrosion and
permanent tissue destruction of the esophagus and digestive tract.
Inhalation:
May be fatal if inhaled. May cause severe irritation of the respiratory tract with sore throat, coughing, shortness
of breath and delayed lung edema. Causes chemical burns to the respiratory tract. Causes corrosive action on
the mucous membranes.
Chronic:
Prolonged or repeated skin contact may cause dermatitis. Repeated exposure may cause erosion of teeth.
Repeated exposure to low concentrations of HCl vapor or mist may cause bleeding of nose and gums. Chronic
bronchitis and gastritis have also been reported.
Section 4 - First Aid Measures
Eyes: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Get medical aid
immediately.
Skin: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing
contaminated clothing and shoes. Get medical aid immediately. Wash clothing before reuse.
Ingestion: If swallowed, do NOT induce vomiting. Get medical aid immediately. If victim is fully conscious, give a
cupful of water. Never give anything by mouth to an unconscious person.
Inhalation: POISON material. If inhaled, get medical aid immediately. Remove victim to fresh air. If not breathing, give
artificial respiration. If breathing is difficult, give oxygen.
Notes to
Physician: Do NOT use sodium bicarbonate in an attempt to neutralize the acid.
Section 5 - Fire Fighting Measures
General
Information:
As in any fire, wear a self-contained breathing apparatus in pressure-demand, MSHA/NIOSH (approved
or equivalent), and full protective gear. Water runoff can cause environmental damage. Dike and collect
water used to fight fire. Not flammable, but reacts with most metals to form flammable hydrogen gas. Use
water spray to keep fire-exposed containers cool. Vapors may be heavier than air. They can spread along
the ground and collect in low or confined areas. Containers may explode when heated.
Extinguishing
Media: Substance is noncombustible; use agent most appropriate to extinguish surrounding fire.
Autoignition
Temperature: Not applicable.
Flash Point: Not applicable.
Explosion
Limits: Lower: Not available
Explosion
Limits: Upper: Not available
NFPA Rating: health: 3; flammability: 0; instability: 1;
Section 6 - Accidental Release Measures
General
Information: Use proper personal protective equipment as indicated in Section 8.
Spills/Leaks:
Avoid runoff into storm sewers and ditches which lead to waterways. Clean up spills immediately, observing
precautions in the Protective Equipment section. Isolate area and deny entry. Provide ventilation. Spill may
be carefully neutralized with lime (calcium oxide, CaO). A vapor suppressing foam may be used to reduce
vapors. Approach spill from upwind.
Section 7 - Handling and Storage
Handling:
Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Contents may develop
pressure upon prolonged storage. Do not get in eyes, on skin, or on clothing. Keep container tightly closed.
Discard contaminated shoes. Keep away from strong bases and metals. Use caution when opening. Do not use
with metal spatula or other metal items. Do not breathe vapor or mist. Use only with adequate ventilation or
respiratory protection.
Storage: Store in a cool, dry, well-ventilated area away from incompatible substances. Corrosives area. Do not store in
metal containers. Store away from alkalies. Separate from oxidizing materials.
Section 8 - Exposure Controls, Personal Protection
+-------------------- +------------------- +------------------- +----------------- +
| Chemical Name | ACGIH | NIOSH |OSHA - Final PELs|
|-------------------- |------------------- |------------------- |----------------- |
| Hydrogen chloride |2 ppm Ceiling | 50 ppm IDLH |5 ppm Ceiling; 7 |
| | | |mg/m3 Ceiling |
|-------------------- |------------------- |------------------- |----------------- |
| Water |none listed |none listed |none listed |
+-------------------- +------------------- +------------------- +----------------- +
OSHA Vacated PELs: Hydrogen chloride: None listed Water: None listed
Engineering Controls:
Facilities storing or utilizing this material should be equipped with an eyewash facility and a safety shower. Use
adequate general or local exhaust ventilation to keep airborne concentrations below the permissible exposure
limits. Use a corrosion-resistant ventilation system.
Exposure Limits
Personal Protective Equipment
Eyes: Wear chemical splash goggles and face shield.
Skin: Wear appropriate gloves to prevent skin exposure.
Clothing: Wear appropriate protective clothing to prevent skin exposure.
Respirators:
Follow the OSHA respirator regulations found in 29 CFR 1910.134 or European Standard EN 149. Use a
NIOSH/MSHA or European Standard EN 149 approved respirator if exposure limits are exceeded or if
irritation or other symptoms are experienced.
Section 9 - Physical and Chemical Properties
Physical State: Liquid
Color: clear, colorless to pale yellow
Odor: strong, pungent
pH: 0.01
Vapor Pressure: 84 mm Hg @ 20 deg C
Vapor Density: 1.27 (air=1)
Evaporation Rate: > 1.00 (N-butyl acetate)
Viscosity: Not available
Boiling Point: 83 deg C @ 760 mmHg ( 181.40􀂃F)
Freezing/Melting Point: -66 deg C ( -86.80􀂃F)
Decomposition Temperature: Not available
Solubility in water: Soluble
Specific Gravity/Density: 1.19 (38%)
Molecular Formula: HCl.H2O
Molecular Weight: 36.46
Section 10 - Stability and Reactivity
Chemical Stability: Stable under normal temperatures and pressures.
Conditions to Avoid: Excess heat.
Incompatibilities with
Other Materials
Metals, strong oxidizing agents, strong reducing agents, bases, acetic anhydride, alcohols, amines,
sulfuric acid, vinyl acetate, epoxides (e.g. butyl glycidyl ether), chlorosulfonic acid, carbides, betapropiolactone,
ethyleneimine, propylene oxide, lithium silicides, 2-aminoethanol, 1,1-difluoroethylene,
magnesium boride, mercuric sulfate, aldehydes, cyanides, sulfides, phosphides.
Hazardous
Decomposition
Products
Hydrogen chloride, chlorine, hydrogen gas.
Hazardous
Polymerization Will not occur.
Section 11 - Toxicological Information
RTECS#: CAS# 7647-01-0: MW4025000 MW4031000
CAS# 7732-18-5: ZC0110000
LD50/LC50:
RTECS:
CAS# 7647-01-0: Inhalation, mouse: LC50 = 1108 ppm/1H;
Inhalation, mouse: LC50 = 20487 mg/m3/5M;
Inhalation, mouse: LC50 = 3940 mg/m3/30M;
Inhalation, mouse: LC50 = 8300 mg/m3/30M;
Inhalation, rat: LC50 = 3124 ppm/1H;
Inhalation, rat: LC50 = 60938 mg/m3/5M;
Inhalation, rat: LC50 = 7004 mg/m3/30M;
Inhalation, rat: LC50 = 45000 mg/m3/5M;
Inhalation, rat: LC50 = 8300 mg/m3/30M;
Oral, rabbit: LD50 = 900 mg/kg;
.
RTECS:
CAS# 7732-18-5: Oral, rat: LD50 = >90 mL/kg;
.
Other: Inhalation LC50 (aerosol) rat: 8300mg/m3/30M; Oral LDLo Man: 2857 ug/kg; Oral LDLo
Woman: 420 uL/kg; Inhalation LCLo Human: 1300 ppm/30M.
Carcinogenicity: Hydrogen chloride - IARC: Group 3 (not classifiable)
Water - Not listed as a carcinogen by ACGIH, IARC, NTP, or CA Prop 65.
Other: See actual entry in RTECS for complete information.
Section 12 - Ecological Information
Ecotoxicity: Fish: Bluegill/Sunfish: 3.6 mg/L; 48Hr; Lethal (unspecified)
Fish: Bluegill/Sunfish: LC50; 96 Hr; pH 3.0-3.5
Section 13 - Disposal Considerations
Dispose of in a manner consistent with federal, state, and local regulations.
Section 14 - Transport Information
US DOT
Shipping Name: HYDROCHLORIC ACID
Hazard Class: 8
UN Number: UN1789
Packing Group: II
Canada TDG
Shipping Name: HYDROCHLORIC ACID
Hazard Class: 8
UN Number: UN1789
Packing Group: II
USA RQ: CAS# 7647-01-0: 5000 lb final RQ; 2270 kg final RQ
Section 15 - Regulatory Information
European/International Regulations
European Labeling in Accordance with EC Directives
Hazard Symbols: C
Risk Phrases:
R 34 Causes burns.
R 37 Irritating to respiratory system.
Safety Phrases:
S 26 In case of contact with eyes, rinse immediately with plenty of water and seek medical advice.
S 45 In case of accident or if you feel unwell, seek medical advice immediately (show the label where
possible).
WGK (Water Danger/Protection)
CAS# 7647-01-0: 1
CAS# 7732-18-5: Not available
Canada
CAS# 7647-01-0 is listed on Canada's DSL List
CAS# 7732-18-5 is listed on Canada's DSL List
Canadian WHMIS Classifications: E, D1A
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations
and the MSDS contains all of the information required by those regulations.
CAS# 7647-01-0 is listed on Canada's Ingredient Disclosure List
CAS# 7732-18-5 is not listed on Canada's Ingredient Disclosure List.
US Federal
TSCA
CAS# 7647-01-0 is listed on the TSCA
Inventory.
CAS# 7732-18-5 is listed on the TSCA
Inventory.
Section 16 - Other Information
MSDS Creation Date: 7/06/1999
Revision #21 Date 7/20/2009






Appendix C.5	Spill-X-A MSDS

ANSUL WORMALD US INC -- SPILL-X-A AGENT -- 6850-00F016299 
=====================  Product Identification  =====================
Product ID:SPILL-X-A AGENT
MSDS Date:01/01/1990
FSC:6850
NIIN:00F016299
MSDS Number: BKGFG
=== Responsible Party ===
Company Name:ANSUL WORMALD US INC
Address:ONE STANTON STREET
City:MARINETTE
State:WI
ZIP:54143-2542
Info Phone Num:(715) 735-7411
Emergency Phone Num:(715) 735-7411
CAGE:FO840
=== Contractor Identification ===
Company Name:ANSUL INC
Address:ONE STANTON STREET
Box:City:MARINETTE
State:WI
ZIP:54143-2542
Country:US
Phone:715-735-7411
CAGE:03670
Company Name:ANSUL WORMALD US INC
Address:ONE STANTON STREET
City:MARINETTE
State:WI
ZIP:54143-2542
Phone:(715) 735-7411
CAGE:FO840
=============  Composition/Information on Ingredients  =============
Ingred Name:MAGNESIUM ALUMINUM SILICATE
CAS:8031-18-3
Fraction by Wt: <13%
ACGIH TLV:10 MG/CUM

Ingred Name:MAGNESIUM OXIDE
CAS:1309-48-4
RTECS #:OM3850000
Fraction by Wt: <78%
OSHA PEL:15 MG/M3 PARTICULATE
ACGIH TLV:10 MG/M3;TDUST; 9293

Ingred Name:SODIUM CARBONATE (SODA ASH, TRONA, CARBONIC ACID, CRYSTOL
    CARBONATE, DISODIUM CARBONATE)
CAS:497-19-8
RTECS #:VZ4050000
Fraction by Wt: <10%

Ingred Name:PETRO AGS
Fraction by Wt: <1%

Ingred Name:BENZENESULFONIC ACID,
    5-CHLORO-2-(2-HYDROXY-1-NAPHTHALENYL)AZO-4-METHYL-, BARIUM SALT,
    PIGMENT RED 53:1
CAS:5160-02-1
RTECS #:DB5500000
Fraction by Wt: <1%
=====================  Hazards Identification  =====================
LD50 LC50 Mixture:ORAL LD50 (RAT): 4000 MG/KG
Routes of Entry: Inhalation:YES  Skin:YES  Ingestion:YES
Reports of Carcinogenicity:NTP:NO    IARC:NO	OSHA:NO
Health Hazards Acute and Chronic:EYES: IRRITATION & LOCAL TISSUE
    DESTRUCTION. SKIN: MILDLY IRRITATING & ULCERS. INHALATION: NASAL &
    RESPIRATORY IRRITATION, COUGH, SPUTUM PRODUCTION & MUCOSA.
    INGESTION: GASTROINTESTINAL DISTRESS, MOUT H & STOMACH IRRITATION,
    NAUSEA, VOMITING, NARCOSIS, & LOCAL TISSUE DESTRUCTION.
Explanation of Carcinogenicity:NONE
Effects of Overexposure:EYES: IRRITATION & LOCAL TISSUE DESTRUCTION.
    SKIN: MILDLY IRRITATING & ULCERS. INHALATION: NASAL & RESPIRATORY
    IRRITATION, COUGH, SPUTUM PRODUCTION, & MUCOSA. INGESTION:
    GASTROINTESTINAL DISTRESS, MOU TH & STOMACH IRRITATION, LOCAL
    TISSUE DESTRUCTION, NAUSEA, VOMITING, & NARCOSIS.
Medical Cond Aggravated by Exposure:REACTIVE AIRWAY

=======================  First Aid Measures  =======================

First Aid:EYES: FLUSH W/PLENTY OF WATER FOR AT LEAST 15 MIN. SKIN: WASH
    W/SOAP & WATER. INHALATION: REMOVE TO FRESH AIR. INGESTION: IF
    PATIENT IS CONSCIOUS, GIVE LARGE AMOUNTS OF WATER & DON'T INDUCE
    VOMITING.  OBTAIN MEDICAL ATTENTION IN ALL CASES.
==================  Accidental Release Measures  ==================
Spill Release Procedures:SWEEP UP & STORE IN LABELED CONTAINERS.
======================	Handling and Storage  ======================
Handling and Storage Precautions:DON'T MIX W/OTHER SPILL CONTROL
    AGENTS. STORE IN ORIGINAL CONTAINER OR SPILL-GUN APPLICATOR.
=============  Exposure Controls/Personal Protection  =============
Respiratory Protection:DUST MASK WHERE DUSTINESS IS PREVALENT.
    MECHANICAL FILTER RESPIRATOR IF EXPOSURE IS PROLONGED.
Ventilation:LOCAL EXHAUST: DISCRETIONARY. MECHANICAL (GENERAL):
    RECOMMENDED
Protective Gloves:RECOMMENDED
Eye Protection:RECOMMENDED
Supplemental Safety and Health
==================  Physical/Chemical Properties  ==================
Solubility in Water:<9%
Appearance and Odor:RED COLORED POWDER W/NO ODOR.
=================  Stability and Reactivity Data  =================
Stability Indicator/Materials to Avoid:YES
INTERHALOGENS, PHOSPHOROUS PENACHLORIDE, & CHLORINE TRIFLUORIDE
====================  Disposal Considerations  ====================
Waste Disposal Methods:DISPOSE OF IN COMPLIANCE W/LOCAL, STATE, &
    FEDERAL REGULATIONS.

Appendix C.6 	Spill-X-C MSDS

ANSUL FIRE PROTECTION WORMALD  -- SPILL-X-C AGENT                              
=======================================================
MSDS Safety Information 
=======================================================
FSC: 6850
MSDS Date: 10/03/1994
MSDS Num: BZBYH
LIIN: 00F016297
Product ID: SPILL-X-C AGENT
MFN: 03
Responsible Party
Cage: 03670
Name: ANSUL FIRE PROTECTION WORMALD U S INC
Address: ONE STANTON ST
City: MARINETTE WI 54143-2542
Info Phone Number: 715-735-7411
Emergency Phone Number: 715-735-7411
Proprietary Ind: Y
Review Ind: Y
Published: Y
=======================================================
Preparer Co. when other than Responsible Party Co. 
=======================================================
Cage: 03670
Name: ANSUL INC
Address: ONE STANTON STREET
City: MARINETTE WI 54143-2542
=======================================================
Contractor Summary 
=======================================================
Cage: 03670
Name: ANSUL INC
Address: ONE STANTON STREET
City: MARINETTE WI 54143-2542
Phone: 715-735-7411
=======================================================
Ingredients 
=======================================================
Name: *** PROPRIETARY  ***
-----------------------------
=======================================================
Health Hazards Data 
=======================================================
LD50 LC50 Mixture: ORAL LD50(RAT): 10,700MG/KG FUMARIC ACID
Route Of Entry Inds - Inhalation: YES
Skin: NO
Ingestion: YES
Carcinogenicity Inds - NTP: NO
IARC: NO
OSHA: NO
Effects of Exposure: EYES/SKIN: MAY CAUSE IRRITATION. INHALATION: CAN CAUSE
  IRRITATION OF NASAL & RESPIRATORY PASSAGES. INGESTION: MAY CAUSE GI
  IRRITATION.
Explanation Of Carcinogenicity: NONE
Signs And Symptions Of Overexposure: IRRITATION, COUGH, SPUTUM.
Medical Cond Aggravated By Exposure: REACTIVE AIRWAY.
First Aid: EYES: FLUSH W/LARGE AMOUNTS OF WATER. SKIN: WASH EXPOSED AREAS
  W/SOAP & WATER. INHALATION: REMOVE TO FRESH AIR. INGESTION: IF CONSCIOUS,
  GIVE LARGE AMOUNTS OF WATER & INDUCE VOMITING. OBTAIN MEDICAL A TTENTION
  IN ALL CASES.
=======================================================
Handling and Disposal
=======================================================
Spill Release Procedures: SWEEP UP PLACING IN LABELED REFUSE CONTAINER.
Waste Disposal Methods: DISPOSE OF IAW/FEDERAL, STATE & LOCAL REGULATIONS.
Handling And Storage Precautions: STORE IN ORIGINAL CONTAINER/SPILL-GUN
  APPLICATOR.
Other Precautions: DON'T SPILL W/OTHER SPILL CONTROL AGENTS.
=======================================================
Fire and Explosion Hazard Information 
=======================================================
Fire Fighting Procedures: NONE
Unusual Fire/Explosion Hazard: NONE
=======================================================
Control Measures 
=======================================================
Respiratory Protection: USE DUST MASK WHERE DUSTINESS IS PREVALENT. MECHANICAL
  FILTER RESPIRATOR IF EXPOSURE IS PROLONGED.
Ventilation: LOCAL EXHAUST: DISCRETIONARY. MECHANICAL (GENERAL): RECOMMENDED.
  IN CONFINED/ENCLOSED AREAS USE GOOD VENTILATION.
Protective Gloves: RUBBER
Eye Protection: RECOMMENDED
=======================================================
Physical/Chemical Properties 
=======================================================
PH: 2.5
Appearance and Odor: WHITE TO TAN COLOR, NO ODOR
=======================================================
Reactivity Data 
=======================================================
Stability Indicator: YES
Materials To Avoid: STRONG ALKALIES IN CLOSED SYSTEMS.
Hazardous Decomposition Products: CO2
Hazardous Polymerization Indicator: NO
=======================================================
Toxicological Information 
=======================================================
Ecological Information 
=======================================================
MSDS Transport Information 
=======================================================
Regulatory Information 
=======================================================
Other Information 
=======================================================
HAZCOM Label 
=======================================================
Product ID: SPILL-X-C AGENT
Cage: 03670
Company Name: ANSUL INC
Street: ONE STANTON STREET
City: MARINETTE WI
Zipcode: 54143-2542
Health Emergency Phone: 715-735-7411
Label Required IND: Y
Date Of Label Review: 12/16/1998
Status Code: C
Label Date: 12/16/1998
Origination Code: G
Hazard And Precautions: EYES/SKIN: MAY CAUSE IRRITATION. INHALATION: CAN CAUSE
  IRRITATION OF NASAL & RESPIRATORY PASSAGES. INGESTION: MAY CAUSE GI
  IRRITATION.								       
		IRRITATION, COUGH, SPUTUM.
=======================================================


Appendix C.7 	Sodium Bicarbonate MSDS
_________________________________________________________________________

MSDS for   SODIUM BICARBONATE                             Page  1
   1 - PRODUCT IDENTIFICATION
PRODUCT NAME:     SODIUM BICARBONATE
FORMULA:          NAHCO3
FORMULA WT:          84.01
CAS NO.:          00144-55-8
NIOSH/RTECS NO.:  VZ0950000
COMMON SYNONYMS:  BAKING SODA;  SODIUM ACID CARBONATE
PRODUCT CODES:    3509,3508,3506
  EFFECTIVE: 03/20/86     
  REVISION #01   
                            PRECAUTIONARY LABELLING
BAKER SAF-T-DATA(TM) SYSTEM
                      HEALTH        -  0  NONE
                      FLAMMABILITY  -  0  NONE
                      REACTIVITY    -  1  SLIGHT
                      CONTACT       -  1  SLIGHT
HAZARD RATINGS ARE 0 TO 4 (0 = NO HAZARD; 4 = EXTREME HAZARD).
LABORATORY PROTECTIVE EQUIPMENT
SAFETY GLASSES; LAB COAT
PRECAUTIONARY LABEL STATEMENTS
                                   CAUTION
                             MAY CAUSE IRRITATION
DURING USE AVOID CONTACT WITH EYES, SKIN, CLOTHING.  WASH THOROUGHLY AFTER
HANDLING.  WHEN NOT IN USE KEEP IN TIGHTLY CLOSED CONTAINER.
SAF-T-DATA(TM) STORAGE COLOR CODE:     ORANGE (GENERAL STORAGE)
------------------------------------------------------------------------------
   2 - HAZARDOUS COMPONENTS
------------------------------------------------------------------------------
                          COMPONENT                         %      CAS NO.
                        NOT APPLICABLE
------------------------------------------------------------------------------
   3 - PHYSICAL DATA
------------------------------------------------------------------------------
BOILING POINT:    N/A                         VAPOR PRESSURE(MM HG): N/A
MELTING POINT:       50 C (   122 F)          VAPOR DENSITY(AIR=1):  N/A
SPECIFIC GRAVITY:  2.16                       EVAPORATION RATE:      N/A
   (H2O=1)                                       (BUTYL ACETATE=1)
------------------------------------------------------------------------------
MSDS for   SODIUM BICARBONATE                             Page  2
------------------------------------------------------------------------------
SOLUBILITY(H2O):     MODERATE (1 TO 10 %)          % VOLATILES BY VOLUME: 0
APPEARANCE & ODOR:  ODORLESS WHITE CRYSTALLINE POWDER.
------------------------------------------------------------------------------
   4 - FIRE AND EXPLOSION HAZARD DATA
------------------------------------------------------------------------------
FLASH POINT (CLOSED CUP   N/A
FLAMMABLE LIMITS:  UPPER - N/A  %       LOWER - N/A  %
FIRE EXTINGUISHING MEDIA
  USE EXTINGUISHING MEDIA APPROPRIATE FOR SURROUNDING FIRE.
SPECIAL FIRE-FIGHTING PROCEDURES
  FIREFIGHTERS SHOULD WEAR PROPER PROTECTIVE EQUIPMENT AND SELF-CONTAINED
  BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN POSITIVE PRESSURE MODE.
TOXIC GASES PRODUCED
  CARBON MONOXIDE, CARBON DIOXIDE
------------------------------------------------------------------------------
   5 - HEALTH HAZARD DATA
------------------------------------------------------------------------------
TOXICITY:   LD50 (ORAL-RAT)(MG/KG)          -  4220
CARCINOGENICITY:  NTP: NO     IARC: NO     Z LIST: NO     OSHA REG: NO
EFFECTS OF OVEREXPOSURE
  DUST MAY IRRITATE SKIN OR EYES.
TARGET ORGANS
  NONE IDENTIFIED
MEDICAL CONDITIONS GENERALLY AGGRAVATED BY EXPOSURE
  NONE IDENTIFIED
ROUTES OF ENTRY
  NONE INDICATED
EMERGENCY AND FIRST AID PROCEDURES
  INGESTION:     IF SWALLOWED AND THE PERSON IS CONSCIOUS, IMMEDIATELY GIVE
                    LARGE AMOUNTS OF WATER.  GET MEDICAL ATTENTION.
  INHALATION:    IF A PERSON BREATHES IN LARGE AMOUNTS, MOVE THE EXPOSED
                    PERSON TO FRESH AIR.  GET MEDICAL ATTENTION.
  EYE CONTACT:   IMMEDIATELY FLUSH WITH PLENTY OF WATER FOR AT LEAST 15
                    MINUTES.  GET MEDICAL ATTENTION.
  SKIN CONTACT:  IMMEDIATELY WASH WITH PLENTY OF SOAP AND WATER FOR AT LEAST
                    15 MINUTES.
------------------------------------------------------------------------------
   6 - REACTIVITY DATA
------------------------------------------------------------------------------
MSDS for   SODIUM BICARBONATE                             Page  3
------------------------------------------------------------------------------
STABILITY:  STABLE                 HAZARDOUS POLYMERIZATION:  WILL NOT OCCUR
CONDITIONS TO AVOID:    HEAT, HUMIDITY
DECOMPOSITION PRODUCTS: CARBON MONOXIDE, CARBON DIOXIDE
------------------------------------------------------------------------------
   7 - SPILL AND DISPOSAL PROCEDURES
------------------------------------------------------------------------------
STEPS TO BE TAKEN IN THE EVENT OF A SPILL OR DISCHARGE
  WEAR SUITABLE PROTECTIVE CLOTHING.  CAREFULLY SWEEP UP AND REMOVE.
DISPOSAL PROCEDURE
  DISPOSE IN ACCORDANCE WITH ALL APPLICABLE FEDERAL, STATE, AND LOCAL
  ENVIRONMENTAL REGULATIONS.
------------------------------------------------------------------------------
   8 - PROTECTIVE EQUIPMENT
------------------------------------------------------------------------------
VENTILATION:             USE ADEQUATE GENERAL OR LOCAL EXHAUST VENTILATION
                         TO KEEP FUME OR DUST LEVELS AS LOW AS POSSIBLE.
RESPIRATORY PROTECTION:  NONE REQUIRED WHERE ADEQUATE VENTILATION
                         CONDITIONS EXIST.  IF AIRBORNE CONCENTRATION IS
                         HIGH, USE AN APPROPRIATE RESPIRATOR OR DUST MASK.
EYE/SKIN PROTECTION:     SAFETY GLASSES WITH SIDESHIELDS, PROPER GLOVES ARE
                         RECOMMENDED.
------------------------------------------------------------------------------
   9 - STORAGE AND HANDLING PRECAUTIONS
------------------------------------------------------------------------------
SAF-T-DATA(TM) STORAGE COLOR CODE:     ORANGE (GENERAL STORAGE)
SPECIAL PRECAUTIONS
  KEEP CONTAINER TIGHTLY CLOSED.  SUITABLE FOR ANY GENERAL CHEMICAL STORAGE
  AREA.
------------------------------------------------------------------------------
  10 - TRANSPORTATION DATA AND ADDITIONAL INFORMATION
------------------------------------------------------------------------------
DOMESTIC (D.O.T.)
PROPER SHIPPING NAME     CHEMICALS, N.O.S. (NON-REGULATED)
INTERNATIONAL (I.M.O.)
PROPER SHIPPING NAME     CHEMICALS, N.O.S. (NON-REGULATED)


Appendix C.8 	Dilute Acetic Acid (Vinegar) MSDS
___________________________________________________________________________________________

H.J. HEINZ CO. -- DISTILLED WHITE VINEGAR
=======================================================
MSDS Safety Information
=======================================================
FSC: 8950
MSDS Date: 11/13/1992
MSDS Num: BVCGS
LIIN: 00N048492
Product ID: DISTILLED WHITE VINEGAR
MFN: 01
Responsible Party
Cage: 73137
Name: H.J. HEINZ CO.
Address: 1062 PROGRESS ST.
City: PITTSBURGH PA 15212-5990
Info Phone Number: 412-237-5119
Emergency Phone Number: 412-237-5118
Published: Y
=======================================================
Contractor Summary
=======================================================
Cage: 73137
Name: H.J. HEINZ CO.
Address: 1062 PROGRESS ST.
City: PITTSBURGH PA 15212-5990
Phone: 412-237-5119
=======================================================
Ingredients
=======================================================
Cas: 8028-52-2
Name: DILUTE ACETIC ACID (CH*3 COOH)
OSHA PEL: N/K (FP N)
ACGIH TLV: N/K (FP N)
=======================================================
Health Hazards Data
=======================================================
LD50 LC50 Mixture: NONE SPECIFIED BY MANUFACTURER.
Route Of Entry Inds - Inhalation: YES
Skin: YES
Ingestion: YES
Carcinogenicity Inds - NTP: NO
IARC: NO
OSHA: NO
Effects of Exposure: PROLONGED INHALATION OF VAPORS CAN CAUSE IRRITATION TO
RESPIRATORY TRACT. EYES:WILL CAUSE EYE IRRITATION - SMARTING AND REDDENING OF
THE EYE.
Explanation Of Carcinogenicity: NOT RELEVANT.
Signs And Symptions Of Overexposure: SEE HEALTH HAZARDS.
Medical Cond Aggravated By Exposure: NONE SPECIFIED BY MANUFACTURER.
First Aid: INHAL:REMOVE TO FRESH AIR. SUPPORT BREATHING (GIVE O*2/ARTF RESP)
(FP N). SKIN:FLUSH W/COPIOUS AMOUNTS OF WATER. CALL MD (FP N). EYE:FLUSH
IMMEDIATELY AND THOROUGHLY WITH WATER FOR AT LEAST 15-20 MINU TES (TIMED BY A
CLOCK). CALL A PHYSICIAN. INGEST:LARGE AMOUNTS, WATER SHOULD BE CONSUMED TO
DILUTE. DO NOT INDUCE VOMITING. DO NOT GIVE EMETICS OR BAKING SODA. CALL A
PHYSICIAN.
=======================================================
Handling and Disposal
=======================================================
Spill Release Procedures: IF VINEGAR IS SPILLED, WATER MAY BE USED TO DILUTE.
Neutralizing Agent: NONE SPECIFIED BY MANUFACTURER.
Waste Disposal Methods: DISPOSAL MUST BE I/A/W FEDERAL, STATE & LOCAL
REGULATIONS (FP N).
Handling And Storage Precautions: NONE SPECIFIED BY MANUFACTURER.
Other Precautions: NONE SPECIFIED BY MANUFACTURER.
=======================================================
Fire and Explosion Hazard Information
=======================================================
Extinguishing Media: MEDIA SUITABLE FOR SURROUNDING FIRE (FP N).
Fire Fighting Procedures: USE NIOSH/MSHA APPROVED SCBA & FULL PROTECTIVE
EQUIPMENT (FP N).
Unusual Fire/Explosion Hazard: NONE SPECIFIED BY MANUFACTURER.
=======================================================
Control Measures
=======================================================
Respiratory Protection: NIOSH/MSHA APPROVED RESPIRATOR APPROPRIATE FOR EXPOSURE
OF CONCERN (FP N).
Ventilation: NONE SPECIFIED BY MANUFACTURER.
Protective Gloves: NONE SPECIFIED BY MANUFACTURER.
Eye Protection: NONE SPECIFIED BY MANUFACTURER.
Other Protective Equipment: NONE SPECIFIED BY MANUFACTURER.
http://web.grcc.edu/Pr/msds/organizdevel/WhiteVinegar.txt[6/8/2011 4:12:38 PM]


Appendix C.9	pH ( 10.0) Buffer Solution MSDS
______________________________________________________________________

World Headquarters
Hach Company
P.O.Box 389 MSDS No: M00370
Loveland, CO USA 80539
(970) 669-3050
MATERIAL SAFETY DATA SHEET
_____________________________________________________________________________
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
Product Name: Buffer Solution pH 10.01 ± 0.02
Catalog Number: 2283649
Hach Company Emergency Telephone Numbers:
P.O.Box 389 (Medical and Transportation)
Loveland, CO USA 80539 (303) 623-5716 24 Hour Service
(970) 669-3050 (515)232-2533 8am - 4pm CST
MSDS Number: M00370
Chemical Name: Not applicable
CAS No.: Not applicable
Chemical Formula: Not applicable
Chemical Family: Not applicable
Hazard: May cause irritation.
Date of MSDS Preparation:
Day: 27
Month: February
Year: 2007
_____________________________________________________________________________
2. COMPOSITION / INFORMATION ON INGREDIENTS
Demineralized Water
CAS No.: 7732-18-5
TSCA CAS Number: 7732-18-5
Percent Range: > 99.0
Percent Range Units: volume / volume
LD50: None reported
LC50: None reported
TLV: Not established
PEL: Not established
Hazard: No effects anticipated.
Other components, each
CAS No.: Not applicable
TSCA CAS Number: Not applicable
Percent Range: < 1.0
Percent Range Units: volume / volume
LD50: Not applicable
LC50: Not applicable
TLV: Not established
PEL: Not established
Hazard: Any ingredient(s) of this product listed as "Other component(s)" is not considered a health hazard
to the user of this product.
_____________________________________________________________________________
3. HAZARDS IDENTIFICATION
Emergency Overview:
Appearance: Clear, blue
Odor: None
HMIS:
Health: 1
Flammability: 0
Reactivity: 0
Protective Equipment: X - See protective equipment, Section 8.
NFPA:
Health: 0
Flammability: 0
Reactivity: 0
Symbol: Not applicable
Potential Health Effects:
Eye Contact: May cause irritation
Skin Contact: May cause irritation
Skin Absorption: No effects anticipated
Target Organs: Not applicable
Ingestion: None reported
Target Organs: None reported
Inhalation: No effects anticipated
Target Organs: Not applicable
Medical Conditions Aggravated: None reported
Chronic Effects: None reported
Cancer / Reproductive Toxicity Information:
This product does NOT contain any OSHA listed carcinogens.
This product does NOT contain any IARC listed chemicals.
This product does NOT contain any NTP listed chemicals.
Additional Cancer / Reproductive Toxicity Information: None reported
Toxicologically Synergistic Products: None reported
_____________________________________________________________________________
4. FIRST AID
Eye Contact: Immediately flush eyes with water for 15 minutes. Call physician.
Skin Contact (First Aid): Wash skin with plenty of water. Call physician if irritation develops.
Ingestion (First Aid): Give large quantities of water. Call physician immediately.
Inhalation: None required.
_____________________________________________________________________________
5. FIRE FIGHTING MEASURES
Flammable Properties: Material will not burn.
Flash Point: Not applicable
Method: Not applicable
Flammability Limits:
Lower Explosion Limits: Not applicable
Upper Explosion Limits: Not applicable
Autoignition Temperature: Not applicable
Hazardous Combustion Products: None
Fire / Explosion Hazards: None reported
Static Discharge: None reported.
Mechanical Impact: None reported
Extinguishing Media: Use media appropriate to surrounding fire conditions
Fire Fighting Instruction: As in any fire, wear self-contained breathing apparatus pressure-demand and full
protective gear.
_____________________________________________________________________________
6. ACCIDENTAL RELEASE MEASURES
Spill Response Notice:
Only persons properly qualified to respond to an emergency involving hazardous substances may respond to
a spill according to federal regulations (OSHA 29 CFR 1910.120(a)(v)) and per your company's emergency
response plan and guidelines/procedures. See Section 13, Special Instructions for disposal assistance.
Containment Technique: Stop spilled material from being released to the environment.
Clean-up Technique: Cover spilled material with a dry acid, such as citric or boric. Scoop up slurry into a
large beaker. Adjust to a pH between 6 and 9 with an acid, such as sulfuric or citric. Flush reacted material to
the drain with a large excess of water.
Evacuation Procedure: Evacuate as needed to perform spill clean-up. If conditions warrant, increase the size
of the evacuation.
Special Instructions (for accidental release): Not applicable
304 EHS RQ (40 CFR 355): Not applicable
D.O.T. Emergency Response Guide Number: None
_____________________________________________________________________________
7. HANDLING / STORAGE
Handling: Avoid contact with eyes Wash thoroughly after handling. Maintain general industrial hygiene
practices when using this product.
Storage: Protect from: heat Keep container tightly closed when not in use.
Flammability Class: Not applicable
_____________________________________________________________________________
8. EXPOSURE CONTROLS / PROTECTIVE EQUIPMENT
Engineering Controls: Maintain general industrial hygiene practices when using this product.
Personal Protective Equipment:
Eye Protection: safety glasses with top and side shields
Skin Protection: disposable latex gloves lab coat
Inhalation Protection: adequate ventilation
Precautionary Measures: Avoid contact with: eyes Wash thoroughly after handling.
TLV: Not established
PEL: Not established
_____________________________________________________________________________
9. PHYSICAL / CHEMICAL PROPERTIES
Appearance: Clear, blue
Physical State: Liquid
Molecular Weight: Not applicable
Odor: None
pH: 10.0
Vapor Pressure: Not determined
Vapor Density (air = 1): Not determined
Boiling Point: ~100°C (~212°F)
Melting Point: ~0°C (~32°F)
Specific Gravity (water = 1): 0.990
Evaporation Rate (water = 1): 0.76
Volatile Organic Compounds Content: Not applicable
Partition Coefficient (n-octanol / water): Not determined
Solubility:
Water: Soluble
Acid: Soluble
Other: Not determined
Metal Corrosivity:
Steel: Not determined
Aluminum: Not determined
_____________________________________________________________________________
10. STABILITY / REACTIVITY
Chemical Stability: Stable when stored under proper conditions.
Conditions to Avoid: Heat Evaporation
Reactivity / Incompatibility: None reported
Hazardous Decomposition: None reported
Hazardous Polymerization: Will not occur.
_____________________________________________________________________________
11. TOXICOLOGICAL INFORMATION
Product Toxicological Data:
LD50: None reported
LC50: None reported
Dermal Toxicity Data: None reported
Skin and Eye Irritation Data: None reported
Mutation Data: None reported
Reproductive Effects Data: None reported
Ingredient Toxicological Data: None reported
_____________________________________________________________________________
12. ECOLOGICAL INFORMATION
Product Ecological Information: No information available for this product.
Ingredient Ecological Information: None reported
_____________________________________________________________________________
13. DISPOSAL CONSIDERATIONS
EPA Waste ID Number: None
Special Instructions (Disposal): Adjust to a pH between 6 and 9 with an acid, such as sulfuric or citric. Open
cold water tap completely, slowly pour the reacted material to the drain.
Empty Containers: Rinse three times with an appropriate solvent. Dispose of empty container as normal
trash.
NOTICE (Disposal): These disposal guidelines are based on federal regulations and may be superseded by
more stringent state or local requirements. Please consult your local environmental regulators for more
information.
_____________________________________________________________________________
14. TRANSPORT INFORMATION
D.O.T.:
D.O.T. Proper Shipping Name: Not Currently Regulated
--
DOT Hazard Class: NA
DOT Subsidiary Risk: NA
DOT ID Number: NA
DOT Packing Group: NA
I.C.A.O.:
I.C.A.O. Proper Shipping Name: Not Currently Regulated
--
ICAO Hazard Class: NA
ICAO Subsidiary Risk: NA
ICAO ID Number: NA
ICAO Packing Group: NA
I.M.O.:
I.M.O. Proper Shipping Name: Not Currently Regulated
--
I.M.O. Hazard Class: NA
I.M.O. Subsidiary Risk: NA
I.M.O. ID Number: NA
I.M.O. Packing Group: NA
Additional Information: There is a possibility that this product could be contained in a reagent set or kit
composed of various compatible dangerous goods. If the item is NOT in a set or kit, the classification given
above applies. If the item IS part of a set or kit, the classification would change to the following: UN3316
Chemical Kit, Class 9, PG II or III. If the item is not regulated, the Chemical Kit classification does not apply.
_____________________________________________________________________________
15. REGULATORY INFORMATION
U.S. Federal Regulations:
O.S.H.A.: This product meets the criteria for a hazardous substance as defined in the Hazard
Communication Standard. (29 CFR 1910.1200)
E.P.A.:
S.A.R.A. Title III Section 311/312 Categorization (40 CFR 370): Immediate (Acute) Health Hazard
S.A.R.A. Title III Section 313 (40 CFR 372): This product does NOT contain any chemical subject to
the reporting requirements of Section 313 of Title III of SARA.
--
302 (EHS) TPQ (40 CFR 355): Not applicable
304 CERCLA RQ (40 CFR 302.4): Not applicable
304 EHS RQ (40 CFR 355): Not applicable
Clean Water Act (40 CFR 116.4): Not applicable
RCRA: Contains no RCRA regulated substances.
C.P.S.C.: Not applicable
State Regulations:
California Prop. 65: No Prop. 65 listed chemicals are present in this product.
Identification of Prop. 65 Ingredient(s): None
California Perchlorate Rule CCR Title 22 Chap 33:
Trade Secret Registry: Not applicable
National Inventories:
U.S. Inventory Status: All ingredients in this product are listed on the TSCA 8(b) Inventory (40 CFR 710).
TSCA CAS Number: Not applicable
_____________________________________________________________________________
16. OTHER INFORMATION
Intended Use: Buffer
References: 29 CFR 1900 - 1910 (Code of Federal Regulations - Labor). Air Contaminants, Federal Register,
Vol. 54, No. 12. Thursday, January 19, 1989. pp. 2332-2983. TLV's Threshold Limit Values and Biological
Exposure Indices for 1992-1993. American Conference of Governmental Industrial Hygienists, 1992.
Technical Judgment. In-house information.
Revision Summary: Updates in Section(s) 14,
_____________________________________________________________________________
Legend:
NA - Not Applicable w/w - weight/weight
ND - Not Determined w/v - weight/volume
NV - Not Available v/v - volume/volume
USER RESPONSIBILITY: Each user should read and understand this information and incorporate it in individual
site safety programs in accordance with applicable hazard communication standards and regulations.
THE INFORMATION CONTAINED HEREIN IS BASED ON DATA CONSIDERED TO BE ACCURATE.
HOWEVER, NO WARRANTY IS EXPRESSED OR IMPLIED REGARDING THE ACCURACY OF
THESE DATA OR THE RESULTS TO BE OBTAINED FROM THE USE THEREOF.
HACH COMPANY ©2009

___________________________________________________________________________

Appendix C.10	pH ( 7.0) Buffer Solution MSDS

World Headquarters
Hach Company
P.O.Box 389 MSDS No: M00369
Loveland, CO USA 80539
(970) 669-3050
MATERIAL SAFETY DATA SHEET
_____________________________________________________________________________
1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION
Product Name: Buffer Solution pH 7.00 ± 0.02
Catalog Number: 2283549
Hach Company Emergency Telephone Numbers:
P.O.Box 389 (Medical and Transportation)
Loveland, CO USA 80539 (303) 623-5716 24 Hour Service
(970) 669-3050 (515)232-2533 8am - 4pm CST
MSDS Number: M00369
Chemical Name: Not applicable
CAS No.: Not applicable
Chemical Formula: Not applicable
Chemical Family: Not applicable
Hazard: Practically non-toxic.
Date of MSDS Preparation:
Day: 27
Month: February
Year: 2007
_____________________________________________________________________________
2. COMPOSITION / INFORMATION ON INGREDIENTS
Demineralized Water
CAS No.: 7732-18-5
TSCA CAS Number: 7732-18-5
Percent Range: >95.0
Percent Range Units: volume / volume
LD50: None reported
LC50: None reported
TLV: Not established
PEL: Not established
Hazard: No effects anticipated.
Other components, each
CAS No.: Not applicable
TSCA CAS Number: Not applicable
Percent Range: < 1.0
Percent Range Units: volume / volume
LD50: Not applicable
LC50: Not applicable
TLV: Not established
PEL: Not established
Hazard: Any ingredient(s) of this product listed as "Other component(s)" is not considered a health hazard
to the user of this product.
2,4-Dinitrophenol
CAS No.: 51-28-5
TSCA CAS Number: 51-28-5
Percent Range: < 0.01
Percent Range Units: weight / volume
LD50: Oral rat LD50 = 30 mg/kg, Oral human LDLo = 36 mg/kg, Oral mouse LD50 = 45 mg/kg, Oral
rabbit LD50 = 30 mg/kg
LC50: Inhalation dog LCLo = 300 mg/m3/30 M
TLV: Not established
PEL: Not established
Hazard: Poison. May cause irritation.
_____________________________________________________________________________
3. HAZARDS IDENTIFICATION
Emergency Overview:
Appearance: Clear, yellow liquid
Odor: None
HMIS:
Health: 0
Flammability: 0
Reactivity: 0
Protective Equipment: X - See protective equipment, Section 8.
NFPA:
Health: 0
Flammability: 0
Reactivity: 0
Symbol: Not applicable
Potential Health Effects:
Eye Contact: No effects are anticipated
Skin Contact: No effects are anticipated
Skin Absorption: No effects anticipated
Target Organs: Not applicable
Ingestion: No Effects Anticipated
Target Organs: Not applicable
Inhalation: No effects anticipated
Target Organs: Not applicable
Medical Conditions Aggravated: None reported
Chronic Effects: No effects anticipated
Cancer / Reproductive Toxicity Information:
This product does NOT contain any OSHA listed carcinogens.
This product does NOT contain any IARC listed chemicals.
This product does NOT contain any NTP listed chemicals.
Additional Cancer / Reproductive Toxicity Information: None reported
Toxicologically Synergistic Products: None reported
_____________________________________________________________________________
4. FIRST AID
Eye Contact: Flush eyes with water. Call physician if irritation develops.
Skin Contact (First Aid): Wash skin with plenty of water.
Ingestion (First Aid): Give large quantities of water. Call physician immediately.
Inhalation: None required.
_____________________________________________________________________________
5. FIRE FIGHTING MEASURES
Flammable Properties: Material will not burn.
Flash Point: Not applicable
Method: Not applicable
Flammability Limits:
Lower Explosion Limits: Not applicable
Upper Explosion Limits: Not applicable
Autoignition Temperature: Not applicable
Hazardous Combustion Products: None reported
Fire / Explosion Hazards: None reported
Static Discharge: None reported.
Mechanical Impact: None reported
Extinguishing Media: Use media appropriate to surrounding fire conditions
Fire Fighting Instruction: As in any fire, wear self-contained breathing apparatus pressure-demand and full
protective gear.
_____________________________________________________________________________
6. ACCIDENTAL RELEASE MEASURES
Spill Response Notice:
Only persons properly qualified to respond to an emergency involving hazardous substances may respond to
a spill according to federal regulations (OSHA 29 CFR 1910.120(a)(v)) and per your company's emergency
response plan and guidelines/procedures. See Section 13, Special Instructions for disposal assistance.
Containment Technique: Stop spilled material from being released to the environment.
Clean-up Technique: Absorb spilled liquid with non-reactive sorbent material. Place material in a plastic
bag. Mark bag 'Non-hazardous trash', and dispose of as normal refuse.
Evacuation Procedure: Evacuate as needed to perform spill clean-up. If conditions warrant, increase the size
of the evacuation.
Special Instructions (for accidental release): Not applicable
304 EHS RQ (40 CFR 355): Not applicable
D.O.T. Emergency Response Guide Number: None
_____________________________________________________________________________
7. HANDLING / STORAGE
Handling: Avoid contact with eyes Wash thoroughly after handling.
Storage: Protect from: heat Keep container tightly closed when not in use.
Flammability Class: Not applicable
_____________________________________________________________________________
8. EXPOSURE CONTROLS / PROTECTIVE EQUIPMENT
Engineering Controls: Maintain general industrial hygiene practices when using this product.
Personal Protective Equipment:
Eye Protection: safety glasses with top and side shields
Skin Protection: Not applicable
Inhalation Protection: adequate ventilation
Precautionary Measures: Avoid contact with: eyes Wash thoroughly after handling.
TLV: Not established
PEL: Not established
_____________________________________________________________________________
9. PHYSICAL / CHEMICAL PROPERTIES
Appearance: Clear, yellow liquid
Physical State: Liquid
Molecular Weight: Not applicable
Odor: None
pH: 7.0 at 20°C
Vapor Pressure: Not determined
Vapor Density (air = 1): Not determined
Boiling Point: ~100°C (~212°F)
Melting Point: ~0°C (~32°F)
Specific Gravity (water = 1): ~1.0
Evaporation Rate (water = 1): Not determined
Volatile Organic Compounds Content: Not applicable
Partition Coefficient (n-octanol / water): Not determined
Solubility:
Water: Soluble
Acid: Soluble
Other: Not determined
Metal Corrosivity:
Steel: Not determined
Aluminum: Not determined
_____________________________________________________________________________
10. STABILITY / REACTIVITY
Chemical Stability: Stable when stored under proper conditions.
Conditions to Avoid: Heat Evaporation
Reactivity / Incompatibility: None reported
Hazardous Decomposition: None reported
Hazardous Polymerization: Will not occur.
_____________________________________________________________________________
11. TOXICOLOGICAL INFORMATION
Product Toxicological Data:
LD50: None reported
LC50: None reported
Dermal Toxicity Data: None reported
Skin and Eye Irritation Data: None reported
Mutation Data: None reported
Reproductive Effects Data: None reported
Ingredient Toxicological Data: None reported
_____________________________________________________________________________
12. ECOLOGICAL INFORMATION
Product Ecological Information: --
No ecological data available for this product.
Ingredient Ecological Information: --
No ecological data available for the ingredients of this product.
_____________________________________________________________________________
13. DISPOSAL CONSIDERATIONS
EPA Waste ID Number: None
Special Instructions (Disposal): Open cold water tap completely, slowly pour the material to the drain.
Empty Containers: Rinse three times with an appropriate solvent. Dispose of empty container as normal
trash.
NOTICE (Disposal): These disposal guidelines are based on federal regulations and may be superseded by
more stringent state or local requirements. Please consult your local environmental regulators for more
information.
_____________________________________________________________________________
14. TRANSPORT INFORMATION
D.O.T.:
D.O.T. Proper Shipping Name: Not Currently Regulated
--
DOT Hazard Class: NA
DOT Subsidiary Risk: NA
DOT ID Number: NA
DOT Packing Group: NA
I.C.A.O.:
I.C.A.O. Proper Shipping Name: Not Currently Regulated
--
ICAO Hazard Class: NA
ICAO Subsidiary Risk: NA
ICAO ID Number: NA
ICAO Packing Group: NA
I.M.O.:
I.M.O. Proper Shipping Name: Not Currently Regulated
--
I.M.O. Hazard Class: NA
I.M.O. Subsidiary Risk: NA
I.M.O. ID Number: NA
I.M.O. Packing Group: NA
Additional Information: There is a possibility that this product could be contained in a reagent set or kit
composed of various compatible dangerous goods. If the item is NOT in a set or kit, the classification given
above applies. If the item IS part of a set or kit, the classification would change to the following: UN3316
Chemical Kit, Class 9, PG II or III. If the item is not regulated, the Chemical Kit classification does not apply.
_____________________________________________________________________________
15. REGULATORY INFORMATION
U.S. Federal Regulations:
O.S.H.A.: This product does not meet the criteria for a hazardous substance as defined in the Hazard
Communication Standard. (29 CFR 1910.1200)
E.P.A.:
S.A.R.A. Title III Section 311/312 Categorization (40 CFR 370): This product is not hazardous under
29 CFR.1910.1200 and therefore is not covered by Title III under SARA.
S.A.R.A. Title III Section 313 (40 CFR 372): This product contains a chemical(s) subject to the
reporting requirements of Section 313 of Title III of SARA.
2,4-Dinitrophenol, CAS RN 51-28-5
302 (EHS) TPQ (40 CFR 355): Not applicable
304 CERCLA RQ (40 CFR 302.4): 2,4-Dinitrophenol 10 lbs.
304 EHS RQ (40 CFR 355): Not applicable
Clean Water Act (40 CFR 116.4): 2,4-Dinitrophenol - RQ 10 lbs.
RCRA: Contains no RCRA regulated substances.
C.P.S.C.: Not applicable
State Regulations:
California Prop. 65: No Prop. 65 listed chemicals are present in this product.
Identification of Prop. 65 Ingredient(s): None
California Perchlorate Rule CCR Title 22 Chap 33:
Trade Secret Registry: Not applicable
National Inventories:
U.S. Inventory Status: All ingredients in this product are listed on the TSCA 8(b) Inventory (40 CFR 710).
TSCA CAS Number: Not applicable
_____________________________________________________________________________
16. OTHER INFORMATION
Intended Use: Buffer
References: 29 CFR 1900 - 1910 (Code of Federal Regulations - Labor). Air Contaminants, Federal Register,
Vol. 54, No. 12. Thursday, January 19, 1989. pp. 2332-2983. TLV's Threshold Limit Values and Biological
Exposure Indices for 1992-1993. American Conference of Governmental Industrial Hygienists, 1992.
Technical Judgment. In-house information.
Revision Summary: Updates in Section(s) 14, 2, 15,
_____________________________________________________________________________
Legend:
NA - Not Applicable w/w - weight/weight
ND - Not Determined w/v - weight/volume
NV - Not Available v/v - volume/volume
USER RESPONSIBILITY: Each user should read and understand this information and incorporate it in individual
site safety programs in accordance with applicable hazard communication standards and regulations.
THE INFORMATION CONTAINED HEREIN IS BASED ON DATA CONSIDERED TO BE ACCURATE.
HOWEVER, NO WARRANTY IS EXPRESSED OR IMPLIED REGARDING THE ACCURACY OF
THESE DATA OR THE RESULTS TO BE OBTAINED FROM THE USE THEREOF.
HACH COMPANY ©2009
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I.	INTRODUCTION
As part of their science operations for the U.S. Department of Energy, Fermi National Accelerator Laboratory (Fermilab) of Batavia Illinois, employs a series of nitric acid solutions to etch transition metals, especially niobium, titanium, and alloys of these metals.  The etching operation produces small amounts of NO2 fumes.  These fumes are toxic and must be removed from the exhaust air stream.
By industrial standards, the etching operation is relatively small, operating at a maximum 2-4 days per week and not more than 8 hours per day.  During operation, the expected air volume flow rate is on the order of 1000 CFM.
Chicago Plastics, Inc. of Crystal Lake Illinois has been contracted by Fermilab to design, install, and start-up a ventilation system.  The system includes a fume scrubber for the removal of NO2 followed by a second stage to assure that no hydrogen sulfide (a by-product of NO2 scrubbing) is emitted.
The chemical work enclosure discharge will be directed through 2 scrubbing columns.  Each column uses recirculated solutions sprayed in counter flow to the discharge through a packed bed of high surface area polymer and operating at elevated pH levels.  As in any fume scrubber operation, it is necessary to blow down (i.e. collect at the base of the column and subsequently discharge) a small percentage of the recirculated liquid in order to maintain a stable chemical balance in the system.  Since the pH in both towers is high, it is necessary to neutralize that blow down prior to its discharge to the Batavia sanitary sewer system.  The neutralization agent will come from two sources: a dedicated 10%-15% sulfuric acid solution day tank, and acidic rinse water from the chemical process.
TSR Engineering Company, as a sub-contractor to Chicago Plastics, will design the wet chemistry portion of the neutralization operation.  This engineering report and accompanying drawings constitute the total design and specifications for the waste water neutralization.  The report will also serve as the primary operating manual, and can be submitted to the regulatory agencies for the narrative with any permit applications.
II.	SOURCES OF WASTE
There are two primary sources of waste which need to be neutralized.  The first is the continuous blow down of the fume scrubber system which amounts to a nominal 2-4 gallons per hour of operation.  This blow down will be directed to either TA-1, a 300 gallon holding tank, or directly to TA-2, a 400 gallon batch treatment reactor.  The second source is a small quantity of trace acid from equipment rinses.  These will periodically be transferred by the operator to a small 15 gallon holding tank, which in turn, is gravity drained to the batch treatment reactor.  More specifically:
A.	Fume Scrubbing
The chemical milling or acid etching operation which are to be conducted in the area generate a nitric acid fume, NO2.  This is a toxic, reddish brown gas which will be captured in the work enclosure where the etching is done.  From there it is directed to 2 fume scrubbers which run in series.
The first scrubber contains a recirculated solution of sodium hydroxide maintained automatically by a pH controller at a pH of 12.4 ± 0.2.  A second set of automatic instrumentation pumps a solution of sodium hydrosulfide (NaHS) (also known as sodium bisulfide) to this sump.  Additions of sulfide are controlled on the basis of oxidation-reduction potential (ORP).  The sodium hydrosulfide reacts with the NO2 based on the following reactions.
	2 NO2 + 2 NaHS +H2O → N2 + Na2S2O3 + 2 NaOH
	2 NO2 + Na2S2O3 + 2NaOH → N2 + 2 Na2SO4 + H2O
These serve to remove the objectionable NO2 gas from the air stream.
The air then passes through the second scrubber operating at a pH of 12.6 ± 0.2 and employs a solution of sodium hydroxide.  The high pH assures that no hydrogen sulfide (which conceivably could be generated in the first tower) ever passes to the atmosphere.  The pH is maintained by automatic instrumentation.

The recirculated solution from the scrubber #2 sump overflows into scrubber #1’s sump.  From there, in order to maintain a chemical equilibrium, a flow control and automatic timer control system provides a small but variable blow-down of the recirculated solution.  This blow-down is the primary source of waste for the neutralization.
B.	Acidic Equipment Rinses
Acids used in the processing will be collected separately and disposed of as hazardous waste; there will be no “spent acid” transferred to the neutralization system.  However, rinsing of the acid lines and tooling is required.  These acidic rinses will be periodically pumped by the operator to a small 15 gallon holding tank for addition to the neutralization reactor.  Anticipated volumes are 10-20 liters per week.  These acidic solutions contain none of the regulated metals.  Thus the solutions merely require the neutralization of free acid prior to their discharge.  Possible acids include hydrofluoric, nitric, sulfuric, and phosphoric.

III.	TREATMENT METHODS PROPOSED
The proposed treatment method is a straightforward neutralization employing sulfuric acid at a 10%-15% by volume concentration.  Process control procedures prevent an acidic solution from existing in the neutralization tank.  Alkaline conditions prevent chemical reactions that could yield hydrogen sulfide originating from scrubber stage #1.  Since the vast majority of the waste to be treated is alkaline, no provision is required for making alkaline additions.  None-the-less, the instrumentation will have the capability to add caustic feed at some future time, should that ever become necessary.
	A.	Separation of Collection and Treatment
In order to assure that the system can operate at any time, whether or not a batch treatment is in progress, there will be a separate overhead collection tank (TA-1) of approximately 300 gallons.  The automatic blow down will be directed to that tank.  TA-1 will equipped with a high level alarm to advise the operator that it is approaching its capacity.  It also has emergency overflow capability, with discharge into the reactor TA-2.
	

B.	Batch Treatment System
As necessary, the content of the holding tank will be manually transferred by gravity to the batch treatment reactor.  The latter is equipped with a level sensor to indicate to the operator that sufficient quantity has been transferred for the batch treatment to be initiated.  The batch treatment reactor incorporates an agitator, an automatic pH control system, and a chemical feed pump to transfer the 10%-15% sulfuric acid from a day tank to the reactor.
When the reactor has reached the operating volume, and after the acid holding tank (TA-3) has been drained into the reactor for self neutralization (recall, this is a small amount of acid, ~2% of the reactor volume), the batch treatment will be initiated by activating the automatic control system.  The pH controller will call for acid feed until a predetermined pH range has been reached.  Initially this will be set at 8.7-9.0.
As in most chemical feed systems, the predetermined pH set-point will likely be reached before complete mixing and stabilization of the solution in the reactor is achieved.  As total mixing takes place, the system may call for additional reagent to finalize and stabilize the pH.  Accordingly, in this design, each time that the pH set point is reached (and the chemical feed pump shut-off) a timer will be activated.  Once the timer senses that no additions have been made for a period of 30 minutes, it will signal that “batch complete” conditions have been reached.
The tank content can then be sampled and the “batch complete” conditions verified.  Such additional verification is an option only, and not a full time requirement.  The data logger in the panel will maintain the history of the batch neutralization so that the operator can verify that conditions indeed have been met.  Please note, the same data logger will also maintain a record of the pH and ORP in the scrubber recirculation loop #1, and the pH in scrubber recirculation loop #2.
C.	Pump Out
After the “batch complete” conditions have been verified, the operator will manually transfer the content of the waste to an existing sanitary sewer drain line by use of pump #1.
D.	Acid Waste Neutralization
As stated above, the various small amounts of acidic rinse water will be pumped by the operator to a 15 gallon holding tank (TA-3) located adjacent to the primary collection tank (TA-1).  The content of the acidic holding tank will be drained by gravity to the neutralization reactor immediately before the neutralization commences.  The advisory level control in the batch treatment reactor will be set at a level to accommodate that additional volume.
The purpose of separately collecting the acidic rinse waste and the alkaline blow-down waste is to assure that the conditions in the batch treatment reactor and/or the primary holding tank, always remain in the alkaline range.  That will make certain that there is no possibility of release of hydrogen sulfide as might result from the acidification of the blow down from the scrubber #1 recirculation loop.
E.	The Use of Day Tanks
There are 3 reagents which must be added to the system from day tanks, namely 1) 10%-15% by volume sulfuric acid (for the batch treatment), 2) caustic soda to maintain the appropriate pH levels in the 2 scrubber recirculation sumps, and 3) a solution of sodium hydrosulfide.  The latter will be consumed by reaction with the NO2 in scrubber column #1.  Since in this system the total quantity of each reagent is relatively small, it is more convenient to install 50 gallon day tanks than to attempt drawing reagents from drums or other shipping containers.  Furthermore, the use of day tanks simplifies the connection between the day tanks, the chemical feed pumps, and the points of delivery of those chemical feed pumps.  Thus, one need not repeatedly adjust the chemical feed pump suction hose.
F.	Day Tank Dilution
The design calls for a local water hose to be employed to first fill the day tanks to approximately 2/3 of their volume.  This would be followed by the addition of sulfuric acid, caustic soda, or bisulfide by means of small transportable containers or possibly a drum pump.  The sulfuric acid in the day tank should be at 10%-15% by volume.  The caustic soda is received at a 50% concentration and should be diluted to maintain a 20%-25% concentration.  Similarly, the bisulfide will be received as a liquid to be diluted to 20%-40% by volume.
The dilution of the sulfuric acid is strongly exothermic.  It is proposed that rather than repeatedly adding the 10%-15% at one time, once the day tank has been half emptied, a water addition be made followed by smaller acid addition of 5%-7%.  That eliminates any overheating concerns.  Operating protocols such as limiting the volume of the container available for adding acid will further alleviate the overheating possibility.
G.	Exact Concentrations in Day Tanks
The concentration of the solution in the day tanks is not critical.  The automatic control instrumentation will call for any quantity required to satisfy the set-points.  Thus, the instrumentation will call for a larger quantity of lower concentration, or a smaller quantity at higher concentrations.  Once the system has been in operation, the operating personnel may decide to increase or decrease the acid or caustic concentrations based on experience.
H.	pH Versus Concentration
The numerical relationship between pH and the caustic concentration as expressed in grams per liter is shown on the following table (pg7A).
Thus, pH 12 represents a nominal 0.25 pound in the 100 gallon sump, and pH 12.5 represents a nominal 1.1 pounds.  The higher one goes with the pH, a proportionally larger amount of acid will be needed.

IV.	TREATMENT PROCEDURE
A.	Batch Treatment Operation
The operator’s involvement in the batch treatment shall be made in the approximate order shown in this section.
1.	Verify that there are sufficient reagents in the day tanks to complete the neutralization process.
2.	Initial status shall be as follows; after the last treatment, the neutralization reactor (TA-2) shall have been pumped to sewer and the tank will be empty.  At this point, prior to any batch treatment, any accumulated content in TA-1 will be drained to TA-2.  Valve 1 can be left open.  That will allow any blow-down from the scrubber system to pass directly through TA-1 into TA-2.
3.	Acknowledge the TA-2 “operating level” advisory signal.  This shows that a sufficient volume has been accumulated to undertake a treatment.  To start treatment, valve 1 shall be closed and any further accumulation will take place in TA-1.  Note: for safety, a high level alarm in TA-1 will stop the blow-down.)
4.	Immediately before starting the treatment, any acidic rinse accumulation in tank TA-3 will be drained in its entirety to (TA-2) by opening valve 2.
5.	As soon as TA-3 has been completely drained, valve 2 shall again be reclosed and left closed.  (Note: both TA-1 & TA-3 do have emergency overflows into TA-2).
6.	The pH electrode shall be moved from the holding compartment to the active reactor section.  Start of the chemical feed system will be initiated by use of the HOA (hand-off-auto) switch.  The operator will place that switch from “off” to “auto”.
7.	Observe the initial pH.  This should be well above 10, despite the addition of the collected acidic materials.
8.	The instrumentation will feed dilute sulfuric acid into the reactor, based on the set points in the instrumentation.  When the desired pH has been reached, the chemical feed will cease, and a timer will be automatically activated.  The timer will assure that no additional feed has been required for a predetermined time period (such as 10-30 minutes).  The timer will then activate the “batch complete” advisory light and horn signal.  These will extinguish after 1 hour.
9.	Fermilab’s internal policy will dictate whether the operator can accept the reading from the instrumentation and/or from the data logger, or if further pH verification must be made by use of pH papers, a hand held pH meter, or by sending a sample to a laboratory for verification.
10.	Once the batch condition has been verified and accepted, the reactor can be pumped out by employing PU-1.  The HOA switch shall be placed in the “off” position and the electrode placed in its holding compartment to keep it wet when not in use.
11.	After pump out, one will be back at the initial status.  Step #2 above.
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Figure IV.A.1  Scrubber/Neutralizer Control Panel

B.	Maintenance Of pH Instrumentation Probes
The following is a procedure for bi-weekly* cleaning and weekly standardizing the pH probes:
I.	Cleaning – (Similar to ORP probes – one can use same rinse and acid)
1.	The operator shall obtain a clean, one-gallon container and fill it approximately one-half to two-thirds full of clean, fresh water.  This is to be used for rinsing the probes.
2.	One pint of 5-10% by volume solution of clean muriatic (hydrochloric) acid shall be maintained by the operator and used for approximately two to six weeks.
3.	Each probe, one at a time, shall be removed from the tank and rinsed in the fresh water.  It shall then be immersed for approximately one-half minute in the muriatic acid solution.  (In the event that the probe is coated with oil or grease, it must first be cleaned using a mild dishwashing detergent before the acid dip.)
4.	It will again be rinsed in the clean water, and lightly brushed with a soft, clean toothbrush or paper towel.  This must be done very gently.  It is to remove any solid crud remaining after the acid dip.
5.	The face of the salt bridge, if any, shall be vigorously brushed with the toothbrush.
6.	The cleaned or standardized probe can then be returned to the reactor.
*Depending on type of solution to be measured, the frequency may be changed based on field experience.
II.	pH Probe Standardization
1.	At least once per week*, the pH probes shall be standardized, using the appropriate standards.  This shall be done after the probe has been cleaned:
a.	After cleaning the probe, it shall be rinsed once again in fresh water, allowed to drain, and immersed in a standard pH 7 buffer.  The instrument shall be adjusted to match that standard.
b.	The probe shall then be rinsed and immersed in either pH 4 or pH 10 buffer.  Again, the instrument should be adjusted to match that second standard.
(NOTE:  If the operating conditions are below pH 7, use the pH 4 buffer.  If above seven, use the pH 10 buffer.)	
c.	Caution - - Generally do not reuse the buffers.  For economic reasons, sometimes the pH buffers can be used for 2-3 standardizations by storing them in a separate bottle.  NEVER return used buffer to the original fresh buffer bottle.
d.	On those occasions when the pH probes are used in reactors with lime precipitation, it may be necessary to clean them as frequently as once or twice a day and standardizing in no less frequency than every other day.  Otherwise, lime scale can invalidate the readings.
*Depending on type of solution to be measured, the frequency may be changed based on field experience.

C.	Maintenance of ORP Instrumentation Probes
The following is a procedure for bi-weekly* cleaning and bi-monthly* standardizing the ORP probes:
I.	Cleaning – (Same as for pH probes – Can use same rinse and acid)
1.	The operator shall obtain a clean, one-gallon container and fill it approximately one-half to two-thirds full of clean, fresh water.  This is to be used for rinsing the probe.
2.	One pint of 5-10% by volume solution of clean muriatic (hydrochloric) acid shall be maintained by the operator and used for approximately two to six weeks.
3.	Each probe, one at a time, shall be removed from the tank and rinsed in the fresh water.  It shall then be immersed for approximately one-half minute in the muriatic acid solution.  (In the event that the probe is coated with oil or grease, it must first be cleaned using a mild dishwashing detergent before the acid dip.)
4.	It will again be rinsed in the clean water, and lightly brushed with a soft, clean toothbrush or paper towel.  This must be done very gently.  It is to remove any solid crud remaining after the acid dip.
5.	The face of the salt bridge, if any, shall be vigorously brushed with the toothbrush.
6.	The cleaned probe can then be returned to the reactor.
*Depending on type of solution to be measured, the frequency may be changed based on field experience.
II.	ORP Standardization
1.	At least twice per month*, the ORP probes shall be standardized, using the appropriate standards.  This shall be done after the probe has been cleaned:
a.	After cleaning the probe, it shall be rinse once again in fresh water, allowed to drain, and immersed in a standard (200 or 600 MVP).  The instrument shall be adjusted to match that standard.
b.	Caution - - ORP standards are much more sensitive to contamination than pH buffers.  Do not reuse more than once.  NEVER return used standard to the original bottle.
c.	ORP readings are often influenced by other components of a waste stream (especially pH).  Thus, they are not as exact or as specific as pH readings.  Set points for the same redox reaction may vary from plant to plant and must be adjusted during system start-up.

	Chemical feed setting for the instrument is best coordinated with chemical test.  For example, the complete oxidation of cyanide is demonstrated by a positive test for free chlorine.  Instrument settings should be set for that ORP value.  Similarly, a test for the absence of hexavalent chrome should be the basis of that instrument’s setting.
*Depending on type of solution to be measured, the frequency may be changed based on field experience.
V.	SAFETY CONSIDERATIONS
It must be recognized that all solutions employed in the system must be handled with the usual precautions, including safety glasses and while filling day tanks, safety glasses combined with a face shield and appropriate acid and alkaline resistant gloves.
All protocols listed in the MSD sheets shall be followed; that in addition to whatever other safety requirements may be mandated by Fermi Laboratories’ internal safety policies.
Fermi Laboratories will provide the necessary eyewash and safety showers in the immediate area where chemicals are handled.  They will be appropriately identified, and all operating personnel made fully aware of any inherent dangers that handling the acid, caustic, and the strongly alkaline sodium bisulfide solution may entail.
There are no fire or explosive considerations in the particular chemistries employed in this simple neutralization system.  The primary risks are exposure to the eyes and possible acid or caustic irritation by skin contact.
VI.	BILL OF MATERIALS
	Fume scrubber system – The scrubber equipment is not part of the waste water pretreatment system.  It is only included herein, in narrative form, to clarify the interface between the generation of waste and the treatment thereof.  Also, the central control panel has the electrical components for both systems (scrubbing and waste water treatment).
	Scrubber system to include:
		2 – scrubbing towers 24” diameter x 25’ + high
		2 – 100 gallon recirculation sumps 24” x 48” x 30”
2 – recirculation pumps, Serfilco model # EH 1 1/2 3SC-D3.0, 
3 HP, 38 gpm @ 70’ head, pumps are PVC construction, and have a sealess cantilever design
1 – blower, 5 HP, with variable speed drive in ECP and two (2) primary speed settings, Hartzell model # 42-4-14-F100-FG-FCI-3
Sump #1 – to have pH and ORP sensors (controllers to be in ECP), and a 1/4 HP Lightnin direct drive mixer, 2 chemical feed pumps (0-10 gpH).  Feed pumps are to be operated by instruments in the control panel, as will a level control to operate the water feed in the sump #2
Sump #2 – pH sensor and chemical feed pump

		Please see schematic PID drawing #01 for further clarification.

Tanks for WT System
TA-1	General collection tank – 300 gallons 45” diameter x 60” molded polyethylene with 1” side bottom outlet with SS bulkhead fitting and a 1” overflow outlet with SS bulkhead fitting, model # TC4560-IA series, see drawing #3.  By Chem-Tainer Inc. or approved equal.
TA-2	Batch treatment reactor – 48” diameter x 48” tall, with 3” welded rim, ¾” polypropylene with no outlets.  Tank should have a pH probe storage compartment and a suction pipe support, see drawing #3.  By Chicago Plastic Systems or approved equal.
TA-3	Acidic rinse collection tank – 15 gallons working depth, 15” x 30” with 3/4” half coupling side bottom drain, and 1” overflow, half coupling 9” down, fabricated of 1/2” polypropylene or PVC, see TSR drawing #3.  By Chicago Plastic Systems or approved equal.
TA-4, 5, 6	Day tanks 55 gallons, 22” x 36” with molded cover fabricated of molded polyethylene with no fittings.  Chem-Tainer series AA or approved equal.
Agitators
AG-1	Agitator/Mixer to be ¼ HP gear driven, 350 RPM with 11.2” A-310 impeller & 36” shaft with adjustable clamp.  Lightnin model # EV-5P-25 or approved equal.
AG-2	Agitator/Mixer to be 1/4 HP, 1750 RPM direct drive with 26” shaft from mounting base & 3.6” marine impeller.  Mixer to be in vertical position with 10° offset plate.  Lightnin model # EV-1Q-25 or approved equal.
Pumps
PU-1	TA-2 pump out/transfer, air diaphragm pump to lift neutralized effluent to an overhead sewer line.  Pump to deliver a nominal 40 gallons/min @ 40 ft head.  Pump to be polypropylene construction with Wilflex faced diaphragm and balls.  Wilden model # P200-PKPPP-WF-PWF or approved equal.
PU-2 & PU-3	Scrubber recirculation pumps – These are part of scrubber system.  Pumps to be Serfilco sealess, vertical, cantilevered pumps, 3 HP of CPVC construction, 480 V, 3 phase.  Serfilco model # EH 1 ½ 3SC-D3.0 or approved equal.
CF-1	Chemical feed pump - Shall be an electronic diaphragm metering pump to add sulfuric acid to sump #2.  Pulsa-Feeder model LPH7SA-WTC-3, with a PVC body and Teflon diaphragm to deliver from 0.2-10.0 GPH.  Chemical feeder CF-1 shall be controlled by pH controller #1 (by Pulsa-Feeder Corporation, or approved equal).
CF-2, 3, 4	Chemical feed pumps – 110 volt magnetic activated diaphragm pumps to deliver 0-8 gpm against an open discharge.  Pumps to operate normally at 30%-60% of capacity.  Pumps to have Teflon faced diaphragms and ceramic check balls.  Pulsatronic model # LPK-7-SA-WTC3-XXX or approved equal.
	All 3 chemical feed pumps shall be identical, but may be set at different feed rates.

Valves – Automatic (note – manual valves to be furnished by installing contractor)
AV-1	Blow down – 3/8” PVC solenoid valve – normally closed, to be operated by a 115 V, 1 phase signal from a timer.  Valve to initiate the blow down from scrubber system.  Plastomatic model # EASY-MT-4V-12W-20-PV or approved equal.
AV-2	Water feed – 3/8” brass NC water supply valve to scrubber sump #2.  Need as determined by LC-3 in scrubber sump #1.  Asco model NC3/8-8210G073 or approved equal.
Steel
M-2	Tank stand/platform – to be fabricated of HRS as per TSR drawing #4.  Steel to be sandblasted to white metal and epoxy painted to suit chemical environment.  Fabrication by Elston Metal Tanks.  Sandblasting and painting by Astroblast or approved equal.
M-3	2 (two) Mixer support bridges – per TSR drawing #5.  Fabricated and sandblasted to white metal and epoxy painted.  Same as platform.
M-4	Five (5) pH/ORP probe holders – fabricated of 316 series stainless steel with stainless steel toggle clamp.  Four (4) for pH & ORP probes and one (1) for TA-2 probe storage compartment.  See TSR drawing #5.
M-5	Electrical control panel (ECP) – panel to be custom designed for this project and incorporate the controls for both the scrubber system and the waste water pretreatment.  Functional design by TSR Engineering, with electrical drawings and fabrication by Kelburn Engineering or approved equal.  	Panel to be NEMA 4 cabinet for 460 V 3 phase input and to contain:
3 pH meters – Shark model 120 with remote pre-amplified probes
1 OPR meter – Shark model 120 with remote pre-amplified probe
1 Endress Hauser data logger model RSG-30-6 channel
5 Motor starters for fan-5 HP, 2 pumps-3 HP, 2 mixers- 1/4 HP
3 Level controls - # 1, 2, 3
2 Timers for AV-1 and batch complete signal
4 -15 amp slave relays for chemical feed pumps
1 Speed control for 5 HP blower motor with 2 set points
1 Common alarm or advisory horn with silence button
1 High level, batch complete, or pH and ORP out of control advisory lights
3 Photohelic switch gauges, 3,000 MPS series (by Dwyer)
1 24 V DC power supply for gauges
1 Disconnect switch and all fusing
2 Transformers for 120 V control circuitry chemical feed pumps and 24 V level control
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Appendix E – Calculations of Chemical Reagent Usage Rates
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Appendix F – Calculation of Waste From Neutralization
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Appendix G         FNAL Wastewater Permit Application Excerpt
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Appendix H – Scrubber/Neutralizer LOTO Procedure TD-512071
__________________________________________________________________________________________________

[bookmark: _Toc209340800]TD-512071
IB4/CPL/SCRUBBER/NEUTRALIZER

Lock-Out and Tag-Out Procedures


	Prepared By:
 
A. Crawford
Date:  11jan12
	EP Tool  OPIC
	Phone Extension:
5409

	Reviewed By: 
 

Date: 
	
	Phone Extension:


	Approved By:
 
Lance Cooley 
Date: 
	TD Superconducting Materials
Department Head
	Phone Extension:
6797

	Equipment identification/description: IB4/CPL/Scrubber/Neutralizer (TAF1009) 
Procedure(s):  IB4/CPL  SCRUBBER/NEUTRALIZER OPERATING PROCEDURE (OP-464053); IB4/CPL  SCRUBBER/NEUTRALIZER COMMISSIONING OPERATING PROCEDURE (OP-464052)

	Purpose:
     The purpose of this procedure is to identify specific hazardous energy sources associated with the scrubber/neutralizer and the methods used to lock and tag them out to allow safe servicing.  This procedure is an implementation of Fermilab ES&H Manual, Chapter 5120-Control of Hazardous Energy Sources for Personnel Safety.









Note:  This procedure applies only to repair work that requires taking the scrubber/neutralizer out of operation.  Examples include replacement of defective fluid pumps, replacement of defective mixing motors and replacement of defective electrical equipment.  It does not include charging the storage tanks with chemical reagents or any normal operation of the scrubber/neutralizer.  It is intended for the scrubber/neutralizer to operate with a 100%  duty factor.  This is especially important for the scrubber blower unit which provides air exchange for the CPL.  Only qualified EP tool operators should take the scrubber/neutralizer out of operation.




The authorized repair person(s) shall perform the following steps before maintenance work is permitted:

1. Notify - The authorized employee shall notify personnel working and interested parties that service is to be performed on the scrubber/neutralizer and that it will be shut down, locked out and tagged. (LOTO)
2. Prepare - The authorized employee shall review this procedure and understand the hazards involved and how to control them.
3. Shut down - The authorized employee shall shut down the scrubber/neutralizer by operating the AC power knife disconnect switch located near the scrubber/neutralizer control panel.  Please see Figure 1 for the location of the disconnect switch.  Note:  This is the sole power source for the scrubber/neutralizer.
4. Isolate - Isolation of the the scrubber/neutralizer from its energy source is achieved when the AC power knife switch is placed in the “Off” position as per step 3.
5. Apply Lock and Tag - The authorized employee shall place a red FNAL LOTO lock and approved “Danger-Do Not Operate” tag on the opened knife disconnect switch actuator.
6. Verify -  that all the energy sources have been relieved and isolated by using the normal controls to attempt to the energize the scrubber/neutralizer control panel, blower unit, and the device on which work will be performed.


THE SCRUBBER/NEUTRALIZER IS NOW LOCKED AND TAGGED OUT. 
THE REQUIRED WORK MAY BE PERFORMED.



 (
Apply LOTO Here
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Figure 1.     Disconnect Box For IB4/CPL/Scrubber/Neutralizer







Return the Scrubber/Neutralizer to Service-The authorized employee(s) who applied the lock(s) and tag(s) shall perform the following steps to return the scrubber/neutralizer to service:

1. Check Equipment - Check all the equipment for proper installation, grounding, etc, to be put into operation.
2. Check Work Area - Make sure that the area is clear for operation.
3. Verify - Verify that the scrubber-neutralizer controls are all in the “Off” position.
4. Remove the Locks and Tags - Each worker should remove their own LOTO from the disconnect switch.
5. Notify - Notify personnel working in the CPL that the electrical system of the scrubber/neutralizer is now in operational mode.   It is now permitted  to close the knife disconnect switch and power-up the scrubber/neutralizer.


THE SCRUBBER/NEUTRALIZER MAY NOW BE RETURNED TO NORMAL SERVICE.
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Input Output

Sodium Hydroxide

Day tank NaOH concentration (by weight) = f = 0.225

Day tank water volume = 34.000 [gallons] 128.70 [liters] 0.129

[m3]

Day tank water weight = 283.560 [pounds] 128.70 [Kg]

Day tank sodium hydroxide weight = 82.204 [pounds] 37.37 [Kg]

NaOH density = 2130 [Kg/m3]

NaOH volume = 4.634 [gallons] 0.0175 [m3] 17.54 [liters]

Sump concentration     pH = 12.6   = 0.0015 [Kg/l]

Sump volume (Sump #1 + Sump #2) = 200.000 [gallons] 757.08 [liters]

Sump NaOH content = 2.498 [pounds] 1.14 [Kg]

Blowdown rate = 4 [gallons/hour] 15.14 [liters/hour]

NaOH usage rate = 0.050 [pounds/hour] 0.0227 [Kg/hr]

Volume of accumulated blowdown = 12 [gallons] 45.42 [liters]

Accumulation time = 3.00 [hours]

Weight of NaOH in blowdown = 0.150 [pounds] 0.068 [Kg]

Sum of weight of NaOH in sumps + blowdown 2.648 [pounds] 1.20 [Kg]

Density of solution in day tank = 1135.55 [Kg/m3] 1.13555 [g/cm3]

Weight of NaOH per volume of solution = 2.128 [pounds/gallon] 0.26 [Kg/liter]

Volume of day tank solution required = 1.245 [gallons] 4.71 [liters]

Sulfuric Acid

Day tank H

2

SO

4 

concentration(by volume)= f =

0.125

Day tank water volume = 34.000 [gallons] 128.70 [liters] 0.129

[m3]

Day tank water weight = 283.560 [pounds] 128.70 [Kg]

Day tank H

2

SO

4

 volume =

4.857 [gallons] 18.82 [liters]

Day tank H

2

SO

4

 density =

1840

[Kg/m3]

1.84

[g/cm3]

Day tank H

2

SO

4

 weight =

72.734 [pounds] 34.64 [Kg] [liters]

H

2

SO

4

 usage rate = 1 mole H

2

SO

4

  : 2 mole NaOH

H

2

SO

4

 molecular weight = 0.098 [Kg/mole]

NaOH molecular weight = 0.040 [Kg/mole]

Blowdown rate = 0.0227 [Kg/hour] NaOH0.56781[mole/hour] NaOH

H

2

SO

4

 usage rate =

0.015 [liters/hour] 0.0278

[Kg/hour] H

2

SO

4

0.28391

[mole/hour] H

2

SO

4

Day tank solution usage rate = 0.121 [liters/hour of scrubber operation]
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Reactions Input Output

H

2

SO

4

+2NaOH = Na

2

SO

4

+2H

2

O

HF+NaOH=NaF+H

2

O

1 liter  electrolyte =

900.0 [ml]

H

2

SO

4

+

100[mL] =HF acid= 1656 [g]

H

2

SO

4

+

57.6[g]HF+59.9

[g]H

2

O

57.6 [g] HF = 3.030[moles] HF  => 3.030[moles] NaF  = 127.3 [g] NaF

1656

[g]H

2

SO

4

 =

16.881[moles]

H

2

SO

4

 =>16.881[moles]

Na

2

SO

4

 = 2397.1 [g]

Na

2

SO

4
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