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KEY OBJECTIVES

IDENTIFY ENVIRONMENTAL HAZARDS
PREDICTING ENVIRONMENTAL HAZARDS

COMPARE SOLUTIONS AND MITIGATE ENVIRONMENTAL HAZARDS



Early Work in Industrial Hygiene




EARLY WORK IN INDUSTRIAL HYGIENE

HEAVY INDUSTRY = POOR REPUTATION REGARDING HEALTH AND SAFETY
OVER 500 DEATHS IN ONE CALENDAR YEAR IN THE PITTSBURGH AREA
EMPLOYERS SUGGEST 95% OF ACCIDENTS ARE THE FAULT OF EMPLOYEES

RESEARCH BEGINS TO SHOW OTHERWISE
« CRYSTAL EASTMAN PUBLISHED WORK ACCIDENTS AND THE LAW



EARLY WORK IN INDUSTRIAL HYGIENE

- DATA WAS COLLECTED OVER A ONE YEAR PERIOD IN PITTSBURGH

« THREE ASPECTS OF THE ACCIDENT WERE INVESTIGATED
- THE NATURE OF THE ACCIDENT
- WHO WAS AT FAULT
« ECONOMIC IMPACT ON FAMILIES

 THREE INDUSTRIAL SECTORS WERE INVESTIGATED
* RAILROADS
* MINES
« STEEL MILLS



EARLY WORK IN INDUSTRIAL HYGIENE

« CRYSTAL EASTMAN’S RESEARCH DETERMINED THE FOLLOWING:
+ 30% OF THE ACCIDENTS WERE THE FAULT OF THE EMPLOYER
* 44% OF THE ACCIDENTS COULD BE BLAMED ON THE EMPLOYEES

 DATA COLLECTED POINTED TO CERTAIN PRE-CONDITIONS
- LONG WORK HOURS
- TEMPERATURE EXTREMES / ENVIRONMENT
- NOISE
* HIGH SPEED MACHINERY



EARLY WORK IN INDUSTRIAL HYGIENE

- ADDITIONAL RESEARCH
- DOCUMENTED CASES DATING BACK TO 1556
* DR. ALICE HAMILTON
* PIONEER IN INDUSTRIAL TOXICOLOGY
« CONSIDERED FOUNDER OF MODERN INDUSTRIAL HYGIENE
 MR. BENJAMIN McCREADY

 PUBLISHED ON THE INFLUENCE OF TRADES, PROFESSIONS AND
OCCUPATIONS IN THE UNITED STATES IN 1837

« CONSIDERED FIRST WORK ON OCCUPATIONAL MEDICINE PUBLISHED
IN THE UNITED STATES



EARLY WORK IN INDUSTRIAL HYGIENE

 RESEARCH LED TO:
« CREATION OF US DEPARTMENT OF LABOR
« OSHA

« USING ADVANCED SIMULATION, WE CAN ADVANCE THE WORK OF THESE EARLY
PIONEERS



How Can CFD Modeling be
Applied to Protect Employees?
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COMPUTATIONAL FLUID DYNAMIC MODELING

« COMPUTATIONAL FLUID DYNAMIC (CFD) MODELING IS THE SCIENCE OF:
 PREDICTING FLUID FLOW
 HEAT AND MASS TRANSFER

- AUTODESK CFD SOFTWARE IS USED

« HOW CAN CFD BE APPLIED TO INDUSTRIAL HYGIENE?



COMPUTATIONAL FLUID DYNAMIC MODELING

- CFD CAN BE APPLIED TO PREDICT:
« THE EFFICIENCY OF EMISSION CAPTURE HOODS
- THERMAL STRESS
« HOW GAS MOVES THROUGH A BUILDING



COMPUTATIONAL FLUID DYNAMIC MODELING

« WHY CFD OVER OTHER METHODS?:
« ACCOUNTS FOR ALL INTERNAL AND EXTERNAL INFLUENCES
« CROSS WINDS
+ HIGH TEMPERATURE PROCESSES
« LESS EXPENSIVE THAN TRADITIONAL PHYSICAL WATER MODELS
« OUTPUT QUANTIFIES RESULTS
- PROVIDES A CAPTURE EFFICIENCY
- PROVIDES A INLET OR OUTLET PRESSURE
- SHOWS GRADIENTS



ldentifying Environmental Hazards




PARTICULATE

- THREE CLASSES
- PM/TSP
* BROAD TERM TO INCLUDE ALL PARTICULATE MATTER

- PM,,
* PARTICULATE MATTER LESS THAN 10 MICRONS

* PM,;
* PARTICULATE MATTER LESS THAN 2.5 MICRONS



PARTICULATE

FORMED AS FOLLOWS:

« MECHANICAL PROCESS

* MINING
TRANSFER POINTS
MECHANICAL FABRICATION
ROADS AND VEHICLES
WELDING
« CHEMICAL REACTIONS
* KISH



PARTICULATE

« WHY SHOULD WE BE CONCERNED?
 VERY SMALL PARTICLES CANNOT BE SEEN BY THE HUMAN EYE
« HUMAN HAIR DIAMETER 40-80 MICRONS
 TYPICAL RED BLOOD CELL IS 5 MICRONS
* VERY SMALL PARTICLES CAN BE INHALED
- CAUSES RESPIRATORY ISSUES WHEN INHALED



PARTICULATE

« EXPOSURE LIMITS FOR SELECT MATERIALS

Contaminant Exposure Limit
lron Oxides (fume) 10 mg/m?
Lead 20 pg/m*=
Manganese Fume 15 mg/m?
Kish 2 mg/m?
Chromium IV Compounds 5 ug/m?




THERMAL STRESS

« AHUMAN’S MEANS OF CONTROLLING INTERNAL TEMPERATURE BEGINS TO
FAIL

- THREE FACTORS INFLUENCE THERMAL STRESS
 ENVIRONMENT
- CLOTHES
« ACTIVITY



THERMAL STRESS

 TYPICAL METABOLIC RATES

Activity Metabolic Rate (W/m?)

Standing 70
Walking slowly 115
Walking moderately 150
Walking briskly 220
Lifting/packing 120

Pick and shovel work 235-280

Light machine work 115-140
Heavy machine work 235




THERMAL STRESS

* TYPICAL CLOTHING FACTORS

Clothing I (clo)
Trousers w/short sleeve shirt 0.57
Trousers w/long sleeve shirt 0.61
Overalls, long pants, flannel shirt 1.3F




CARBON MONOXIDE

* INCOMPLETE COMBUSTION OF CARBON CONTAINING FUELS
- ODORLESS
 COLORLESS
« SENSES CANNOT DETECT CARBON MONOXIDE

« HEMOGLOBIN TRANSPORTS OXYGEN IN BLOOD
 PREFERS CO TO OXYGEN
« CO WILL DISPLACE OXYGEN



CARBON MONOXIDE

« SYMPTOMS OF CARBON MONOXIDE EXPOSURE

35 ppm

Headache and dizziness after 6-8 hours of exposure

100 ppm

Slight headache within 2-3 hours of exposure

200 ppm

Headache within 2-3 hours of exposure

400 ppm

Frontal headache within 1-2 hours of exposure

800 ppm

Dizziness, nausea, and convulsions within 45 minutes.
Insensible within two hours

1600 ppm

Headache, dizziness, and nausea within 20 minutes.
Death in less than two hours

3200 ppm

Headache, dizziness and nausea in five to ten minutes.
Death within 30 minutes

6400 ppm

Headache and dizziness in one to two minutes. Death in
less than 20 minutes

12800 ppm

Death in less than three minutes




Predicting Environmental Hazards




TYPICAL ELECTRIC ARC FURNACE MELT SHOP




TYPICAL ELECTRIC ARC FURNACE MELT SHOP




TYPICAL ELECTRIC ARC FURNACE MELT SHOP




TYPICAL ELECTRIC ARC FURNACE MELT SHOP




PARTICULATE

« INCLUDE ALL REQUIRED BOUNDARY CONDITIONS
« OPEN DOORS / ROOF MONITORS
 VENTILATION VOLUME
- TEMPERATURES
« CROSS WINDS

* ASSIGN THE MESH

 LET THE MODEL RUN AND CONVERGE



PARTICULATE

« SET UP PARTICLE TRACE ABOVE SOURCE
- ADD A PLANE NORMAL TO THE SOURCE
* INSERT PARTICLES
- CHANGE DENSITY AND DIAMETER



PARTICULATE

- ADD A PLANE NORMAL TO THE SOURCE




PARTICULATE

Autodesk CFD 2018 EAFShop:Design 1::5cenario 1

« SELECT SEED TYPE

enter  View Vault A £s Start & Learn Community [ 1
[E8 Dynamic Image @ ] @ @ [ StatusFile | 449 Last = |Seed Type:  Circular -
lag Static Image - N 3 e o [Ef summaryFile | <0 <1 B> [ Seed Pattern: Diamond -
Summary Global Planes|Traces|lso Surfaces Ise Volumes,  Wall Parts Points| Report
Image & Animation Calculator | Generator | [Ef Setup File 228 Salve Seed Density: | 0.25034409 =
Image ‘ Results Tasks + Reporting Review » lteration/Step Create Set

- SELECT SEED PATTERN

« SELECT SEED DENSITY



PARTICULATE
N

 LEFT CLICK IN THE CENTER OF
THE SOURCE

 DRAG CURSOR TO INSERT
PARTICLES




PARTICULATE

FRONT I

* PARTICLE TRACE WILL APPEAR

0 463533 in 927 066 13906




- APPLY MASS AND

DENSITY

PARTICULATE

it
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Autodesk CFD 2018 EAFShop:Design
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@ paint: v
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Output Bar
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PARTICULATE

- APPLY LEAD DENSITY




PARTICULATE

« APPLY IRON OXIDE DENSITY

« CALCULATED CAPTURE EFFICIENCY
OF 78%




THERMAL STRESS

- SET UP ALL BOUNDARY
CONDITIONS

* INCLUDE GEOMETRY FOR A
“WORKER?”



THERMAL STRESS

- DEFINE WORKER MATERIAL AS “HUMAN”

Materials

[ 49- [Unassigned]

Property settings

Material
Material DB Name
e

Environment

Flooring (timber plank)
Glass

Glass Wool

Gold

Graphite Carbon
Gypsum-Board
Hardwood

Human

1Velumels) selected



- DEFINE METABOLIC
RATE

 DEFINE CLOTHING
FACTOR

- DEFINE HUMIDITY

THERMAL STRESS

Autodesk CFD 2018 Work

cenario 1

[E=] Solver Manager Direct ~| B Show All

B e T =

B== 3 Material Editor

[ Job Manitor Surface Select Previous Deselect
sls| Boundary Initial | Mesh Motion | Solve = s i
Conditions Conditions Sizing I [ Natifications I [y Select Al Gy Deselect All
Setup Tasks \ Simulation = Selection

Contrdl  Physics  Adaptation

Solution Mode Steady State
» SaveIntervals
Solver Computer MyComputer
Continue From 0
Iterations to Run 100 =

Solution contrel

Result quantities I

| Solve |

metaboloc rate

Edit Remove (@ Scenario Environment
Materials

Hejy | phck

€ Result Quar

Basic flow values Turbulence Miscellaneous
Velodty [ Turbulent kinetic energy [ wall forces

[A Pressure [ Turbuient energy dissipation  [] Absalute velodity

[ Temperature. [ Effective viscosity [ Absolute static pressure
[ scalar [[] Effective conductivity [ Vorticity

[ wall model y+ [Tt

[ Wall shear stress
[ Turbulent intensity

[ Pressure coeffident

[ | nene || A | mone | [0 Temperature aradient
Fiuid properties Compressible I )

[ Density [ Mach number L Itostmeen age.0404)
[ viscosity [ Total pressure: E4] wall heat fiux

[ Conductivity [] Total temperature [~ Wall film coefficient
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THERMAL STRESS

- HUMAN WILL SHOW S
AREAS OF THERMAL l
STRESS ?

« SCALE BASED ON
PREDICTED MEAN VOTE

FRONT OF BODY UNDER THERMAL STRESS (RED)
BACK AND LEGS UNDER LESS THERMAL STRESS (ORAMGE)




CARBON MONOXIDE

« INCLUDE ALL REQUIRED BOUNDARY
CONDITIONS

* ASSIGN A SCALER OF 1 AT THE SOURCE

« ASSIGN A SCALER OF 0 AT THE INLETS



CARBON MONOXIDE

- SPECIAL ATTENTION TO: |
- DENSITY i
- DIFFUSION COEFFICIENTS

save. ' Advanced X
Apph

. () Mo scalar

(®) General scalar
Diffusion coeffident: |:| Ilr;zfs v
() Humidity {moist air)
O Quality
Enable heat transfer for humidity and quality.

oK save |

() Cavitation

o el |



CARBON MONOXIDE

- CO LEVELS CALCULATED
IN FURNACE UP TO 6000
PPM

« CO LEVELS UPWARDS OF
100 PPM PREDICTED




Improving the Work Environment




PARTICULATE

* IMPROVING CAPTURE EFFICIENCY
* INCREASE VENTILATION
- REDUCE CROSS DRAFTS



PARTICULATE

* INCREASING VENTILATION
RATE 15% INCREASES THE > e
CAPTURE EFFICIENCY FROM — =
78% TO 85%

« 20 MICRON IRON OXIDE
PARTICLE SHOWN TO THE
RIGHT

 CLEAR INCREASE IN CAPTURE

EFFICIENCY w

= ) :
LESS PARTICULATE MIGRATING |

AWAY FROM THE CANOPY



PARTICULATE

* 20 MICRON LEAD PARTICLE

« CLEAR INCREASE IN

SHOWN TO THE RIGHT

CAPTURE EFFICIENCY

CANOPY CAPTURE

DROP OUT ZOME REMAINS CONSISTENT WITH
WITH LESS LEAD DROPPING OUT



THERMAL STRESS

 REDUCING THERMAL STRESS
 INCREASED VENTILATION
- POWERED OR NATURAL
« COOL AIR SUPPLY



THERMAL STRESS

« ADDING GRAVITY VENTS
REDUCES TEMPERATURE
THEREFORE REDUCES
THERMAL STRESS ON
EMPLOYEES

« CAUTION - VERIFY THAT
THERE ARE NO REGULATIONS
THAT RESTRICT ROOF
MONITORS




THERMAL STRESS

« WORKERS EXPERIENCE LESS
THERMAL STRESS

UPPER BODY REMAINS UNDER
THERMAL STRESS [“RED")

ARMS, LEGS AND BACK UNDER LESS
THERMAL STRESS [“YELLOW™)




CARBON MONOXIDE

- REDUCING CARBON MONOXIDE LEVELS
- COMPLETE COMBUSTION
* INCREASE VENTILATION
« AN INCREASE IN VENTILATION MAY OVER VENTILATE THE PROCESS



CONCLUSION

IDENTIFIED HAZARDS IN AN INDUSTRIAL ENVIRONMENT
LEARNED HOW TO SET UP A CFD MODEL TO PREDICT HAZARDS
IDENTIFIED METHODS TO MITIGATE HAZARDS

COMPARED RESULTS



THANK YOU FOR ATTENDING

BRIAN BAKOWSKI
HATCH ASSOCIATES

BRIAN.BAKOWSKI@HATCH.COM
412-497-2277
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