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CREATING A SAFE AND PRACTICAL SPACE
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This slideshow was originally presented by architects and engineers from EwingCole's Cultural Practice at the Health & Safety Committee/Conservators in Private Practice Lunchtime Lecture 
at the American Institute for Conservation’s 43nd Annual Meeting on May 14th, 2015. 
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ACCESS TO COLLECTIONS VS. PRESERVATION
STATEMENT OF PROBLEM
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OVERVIEW
1. IDENTIFY HAZARDS
2. SUGGEST DESIGN SOLUTIONS FOR HOME STUDIOS

• ADJACENCIES
• CHEMICAL STORAGE
• FIRE PROTECTION
• CONVERSATION GROUP 1
• VENTILATION
• CONVERSATION GROUP 2

3. ROUNTABLE DISCUSSION
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HAZARDS



CULTURAL PROPERTY RISK ANALYSIS MODEL
HAZARDS
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Waller - Risk Management Approach: Collection preservation 
issues involve four basic steps:

1. Identifying all risks to collections,
2. Assessing the magnitude of each risk,
3. Identifying possible mitigation strategies, and 
4. Evaluating the costs and benefits associated with each 

strategy.



ROB WALLER
HAZARDS
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HAZOP ANALYSIS
FIRE PROTECTION ENGINEERING RISK ANALYSIS
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Biologicals
mold spores

Particulates
asbestos

MATERIALS
HAZARDS

Chemicals
holy moly



INCOMPATIBLES
HAZARDS
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INCOMPATIBLES
HAZARDS
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CLASSIFICATIONS
HAZARDS
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PRIMARY
CONTAINMENT
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$300 from Grainger $75 from IKEA



PRIMARY
CONTAINMENT
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DIY Storage cabinets

Wooden cabinets constructed in the following manner 
shall be acceptable:
• The bottom, sides, and top shall be constructed of 

exterior grade plywood that is at least 1 in. thick 
and of a type that will not break down or delaminate 
under fire conditions.

• All joints shall be rabbetted and shall be fastened in 
two directions with wood screws.

• Where more than one door is used, there shall be a 
rabbetted overlap of not less than 1 in.

• Doors shall be equipped with a means of latching, 
and hinges shall be constructed and mounted in 
such a manner as to not lose their holding capacity 
when subjected to fire exposure.

• A raised sill or pan capable of containing a 2 in. 
depth of liquid shall be provided at the bottom of 
the cabinet to retain spilled liquid within the cabinet.
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PREPAREDNESS



SECONDARY
CONTAINMENT
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SECONDARY
CONTAINMENT
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PJM GRID
FAILURE OF INFRASTRUCTURE
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PORTABLE RECIRCULATING LEV
FAILURE OF INFRASTRUCTURE
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PORTABLE RECIRCULATING LEV
FAILURE OF INFRASTRUCTURE
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RISK OF VIOLENCE
THEFT
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RISK OF VIOLENCE
THEFT
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WORKSPACE DESIGN



SITE MATRIX
UNDERSTANDING THE SITE
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PASSIVE STRATEGIES
• Hidden in plain sight
• Outside of 100-year floodplain
• Distance from facility with catastrophic potential
• Above the basement
• Hydrant within 300’
• Police, Fire, EMS response times

ACTIVE STRATEGIES
• Security system
• Fire alarm & suppression systems
• Independent HVAC system



DETACHED HOME
UNDERSTANDING THE BUILDING TYPE
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MULTI-FAMILY DWELLING
UNDERSTANDING THE BUILDING TYPE
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COMMERCIAL RENTAL
UNDERSTANDING THE BUILDING TYPE
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OCCUPANTS
UNDERSTANDING THE BUILDING TYPE
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Conservator Conservator and Kid Conservator and Neighbors



ADJACENCIES
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ADJACENCIES
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ADJACENCIES
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ADJACENCIES
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FIRE SEPARATION
ADJACENCIES
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??



ADJACENCIES
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ADJACENCIES
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ADJACENCIES
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FIRE PROTECTION



FIRE SUPPRESSION
WORKSPACE
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FIRE SUPPRESSION
WORKSPACE
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FIRE SUPPRESSION
WORKSPACE
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FIRE SUPPRESSION
WORKSPACE
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VS



PROCESSES
WORKSPACE
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ERGONOMICS



ERGONOMICS
WORKSPACE
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STAND UP & STRETCH
WORKSPACE
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ERGONOMICS – UC RIVERSIDE PROGRAM
WORKSPACE
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MICROSCOPES

CHAIRS

BENCHES COMPUTERS

MISCELLANEOUS



CONVERSATION GROUP
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QUESTIONS:
1.WHAT HAZARDS HAVEN’T WE ADDRESSED?
2. WHAT SHOULD BE THE CONSERVATOR’S ROLE IN 

PROVIDING OVERSIGHT AND COMPLIANCE IN A RENTED 
SPACE?



51EwingCole ©2015

VENTILATION



Directional Airflow
• Air Leakage Into Room
• From Breathing Zone to Contaminant
• More Exhaust Than Supply

EwingCole ©2015FUME OR PARTICULATE CONTROL
GENERAL CONCEPTS
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• Locate Fan at end of system
• Provide Low Inlet for Heavy Fumes
• Provide Hi Inlet for Light Fumes
• Largest Inlet at Source

53

UNACCEPTABLE GOOD BEST

EwingCole ©2015EXHAUST SYSTEM GEOMETRY
GENERAL CONCEPTS
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• Optimize Velocity
• Minimize Disturbance

54EwingCole ©2015TURBULENT VS LAMINAR FLOW
GENERAL CONCEPTS
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Capture Velocities*

Fumes/Vapors/Mists

Dispersion Examples Capture Velocity Range 
(FPM or Ft/Min)

No Velocity In Still Air Evaporation 50-100 

Low Velocity In Still Air Welding 100-200

Active Generation In Rapid Air Spray Painting 200-500

High Velocity In Very Rapid Air Grinding 500-2000

*For Dusts/Particles, Capture Velocity should be within Duct Velocity RangeTOTAL AIR FLOW (CFM) = FPM x INLET AREA (FT3)

CAPTURE VELOCITY (FPM) = CFM (FT3/MIN)______________
INLET AREA (FT2)

EQUATIONS

EwingCole ©2015CAPTURE AIR VELOCITY DATA
GENERAL CONCEPTS

60
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TOTAL AIR FLOW (CFM) = AC  x    1 hr x Room Volume (ft3)

AIR CHANGE PER HOUR (AC/hr) = CFM (ft3/min)  x  60 min___________     ______
Room Vol. (ft3)         hr

___     ______  
hr 60 min

ROOM VOLUME (ft3) = H (ft) x L (ft) x W (ft)

CFM = Ft3/Min

Recommended Air Changes Per Hour
Building/Room Air Change Rate 

(AC/Hr)
All Spaces in General min 4

General Exhaust (Odor) >10

Factory Buildings, Ordinary 2 to 4

Factory Buildings, Fumes and Moisture 10 to 15

Spray Paint Booth 15-20

EQUATIONS

DILUTION
GENERAL CONCEPTS



• Static Pressure Drop (PD) Measure in 
Inches Water 

• Use Gradual Duct Transitions
• Fan P.D. usually determines by dirty 

filter P.D.

Duct Design Velocity

Containment Examples Duct Velocity Range 
(FPM or Ft/Min)

Vapors, Gases, 
Smoke

All Vapors Gases, 
Smoke 1000-2000

Fumes Welding 2000-2500

Fine Dust Cotton, Lint, 
Wood, Flour 2500-3000

Dry Dust & 
Powder

Rubber Dust, 
Leather Shavings 3000-4000

Industrial Dust Grinding Dust, 
Gravity Dust 3500-4000

Heavy Dusts Saw Dust, Metal 
Turnings 4000-4500

Heavy or Moist 
Dusts Lead Dust >4500

Simplified PD Estimations
• Design for </= 1200 FPM
• Duct Systems </= 100’ Long
• Duct Systems </= 6 Elbows
• Duct System PD approx. = 0.25” – 0.75”

DUCT DESIGN
GENERAL CONCEPTS
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• Applications
– Odor Counter
– Dust & Other Particles
– Source Control
– Good for Supplementing Exhaust Systems

Purpose Recommended Filtration 
Media

Spent Media 
Measurement Remarks

Gases

Hazardous Yes/No Specialty None Use Only With Exhaust System

Odors Yes Gas-Phase None

Flammable No No None Use Only With Exhaust System

Contaminants

Biological Yes/No HEPA Filter P.D. Use Only With Exhaust System

Lead Yes/No HEPA Filter P.D.

Asbetos Yes/No HEPA Filter P.D.

Particles All Low Risk Yes High Efficiency 
(90-99.99%) Filter P.D.

• Benefits
– Ductless

• Risks
– No Dilution
– Gas Phase Filtration Effectiveness

RECIRCULATION UNITS
GENERAL CONCEPTS

EwingCole ©2015 58
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EQUIPMENT 
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• What Goes Out, 
Must Come In

• Filter Makeup Air to 
Control Contaminants

• Assume 100 Cfm per 
Door for Air Leakage

• Size Non-powered 
Makeup Air Filters for 
100-200 FPM

• Consider Energy 
Recovery Ventilators for 
High Usage Applications

• Code requires >10’ 
Separation from 
Exhaust

Rotary Air-To-Air Enthalpy Wheel
Most Efficient (70-80% Effectiveness)

Heat & Moisture Recovery
Possible Cross-Contamination
($5000 for 500 CFM@.75”esp)

Plate Heat Exchanger
Less Efficient (50-60% Effectiveness)

Heat Recovery
No Cross-Contamination

Less Moving Parts
($4000 for 500 CFM@.75”esp)

Energy Recovery Ventilators

EwingCole ©2015MAKE-UP AIR
EQUIPMENT SELECTION
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Filter Selection/Replacement
• Types of Filters

– Gaseous
– Particulate

• Change filters based on:
– Usage
– Calendar Schedule
– Use labels 

• Dispose of properly

Particulate Filter Rating
Efficiency MERV

30‐35% 8

60‐65% 11

90‐95% 14

HEPA (99.97%) 17

HEPA (99.999%) 20

Gaseous Phase Filtration

Purafil Model Media (Pellets) Application

CHEMOISORBANT ROMED OF ALUMINA IMPREGRENATED 
WITH POTASSIUM PERMANGANATE CONTAINMENT GASES

PURKAKOL ACTIVATED CARBOLI

CHEMICAL CONTAMINANTS 
(OZONE IN OUTDOOR AIR, 

VOC’S, HUMAN BIO-
EFFLUENTS)

SGM CARBOLI FREE ACTIAVTED ALUMINA
ACID GASES 

(SEMICONDUCTOR AND 
MICROELECTRONIC MFG)

TRIPLE-BLEND
FORMED FROM A COMBINATION OF 
ACTIVATED ARBON, ALUMINA AND 

OTHER BINDERS

CHEMICAL CONTAMINANTS 
(JET FEUL FUMES, DIESEL 

EXHAUST AND AUTOMOBILE 
EMISSIONS)

FILTERS
EQUIPMENT SELECTION
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Utilitech 8-in 3-
Speed Window Fan
• 0 CFM @ 0” ESP
• $44.98
• Controllable Speed

• Air Volume – CFM (ft3/min)
• Fan Static – Inches W.G. (“)
• Explosion Proof/Spark Proof

Explosion Proof Prop Fan
• 620 CFM @ 0” ESP
• $579
• 10” Blade

Small Inline Fan
• 500 CFM @ 8” ESP
• $38

Inline Explosion Proof Fan
• 1390 CFM
• $615

FANS
EQUIPMENT SELECTION
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• Smoke Test
– Confirm Draw
– Confirm Capture
– Discover Infiltration
– Check for Leaks

Smoke Emitter
• Clean, nontoxic smoke
• Pkg. of 10 for $18.33
• 45 second burn

Fitting Testing Kit
• $130

Fit Testing Kit, 
Irritant Smoke
• $467 

TESTING
EQUIPMENT SELECTION
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HEPA Vacuum
• Superior Suction
• Low Noise Level
• HEPA Filter
• Good for construction/

remodeling
• $700

Mobile Containment Cube
• Lightweight
• Negative Pressure Containment
• HEPA Vacuum Ports
• Extremely Portable
• $3200

Portable Air Scrubber
• Lightweight and 

Compact
• Powerful (200-600 

CFM)
• HEPA Filter
• $1000

CONTAINMENT
EQUIPMENT SELECTION
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EXAMPLES
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• Paint Conservator
• Light Duty
• Solvents

GENERAL VENTILATION
EXAMPLES
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Existing Configuration Issues
• A/C Disrupts Exhaust Airflow
• Uncontrollable Make-Up
• Possible Short Circuit

Floor Plan- Existing Floor Plan- Reconfigured

Improvements
• Relocate Exhaust to Draw Across 

Work Zone
• Relocate A/C Out of Work Zone
• Add Remote Air Inlets
• Filter Make-Up Air

A/C

WORK ZONE

EXISTING WINDOW 
A/C UNIT

EXISTING EXHAUST FAN

A/C

WORK ZONE

NEW SCREEN DOOR 
CUSTOMIZED WITH FILTER 
RACKS

NEW WINDOW INFILL 
REMOVABLE FILTER RACK

GENERAL VENTILATION
EXAMPLES



• Art Conservator
• Light Duty
• Spray Varnish

68EwingCole ©2015VARNISH ROOM
EXAMPLES
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Good
• Fan at end of exhaust 

system
• Cross Flow
• Filters Inlet Air
• Containment

Better
• Fan at end of exhaust system
• Cross Flow
• Filters Inlet Air
• Containment
• Exhaust at Source
• Inlet near breathing zone
• HI/LO Exhaust
• Filtered Exhaust

HOME VARNISH ROOM
VENTILATION SYSTEM DESIGN



• Large Frame Conservation
• Paint Stripper, Alcohol
• Inexpensive
• Existing Exhaust Snorkel 

Ducts to outside (1 HP/500 
CFM)
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Existing Floor Plan

EXHAUST TABLES
EXAMPLES



71EwingCole ©2015EXHAUST TABLES (FUMES)
EXAMPLES



72EwingCole ©2015EXHAUST TABLES (FUMES)
EXAMPLES
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EXAMPLES



• Materials: $50
• Fabrication Time: 8 Hours
• Approximate Wholesale Cost: $500

74EwingCole ©2015EXHAUST TABLES (FUMES)
EXAMPLES



Capture Velocities
• Equations                     

http://www.engineeringtoolbox.com/exhaust-outlet-
d_1008.html

• Range of Velocities                                     
http://www.cat-vacuum-collectors.com/dust-
collectors/Hood%20Design%20Data%20-
%20Range%20of%20Capture%20Velocities.pdf

• Air Change 
o Equations                      

http://www.engineeringtoolbox.com/air-change-rate-
d_882.html

o Tables                          
http://www.engineeringtoolbox.com/air-change-rate-
room-d_867.html

• Face Velocity
o Equations  

http://www.engineeringtoolbox.com/ductwork-
equations-d_883.html

o Tables              
http://www.engineeringtoolbox.com/duct-velocity-
d_928.html
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Pressure Drop Calculations
• On-line Ductulator

http://efficientcomfort.net/asp/ResDuct_Web/ResDuct_Web.a
sp

• On-line Fitting Coefficients
http://www.engineeringtoolbox.com/minor-loss-air-ducts-
fittings-d_208.html

• Equipment
o Energy Recovery Units

http://www.grainger.com/category/ecatalog/N-
1z0dkku?searchSortKey=priceAsc

o Gaseous Phase Filter Media
• Http://purafil.com
• http://www.labconco.com/services/chemical-guide-for-filtered-

enclosures
• http://www.labconco.com/services/request-chemical-

assessment

Chemical Assessment 
• SIRI MSDS index                                   

http://hazard.com/msds/index.php
• CDC NIOSH Pocket Guide to Chemical Hazards   

http://www.cdc.gov/niosh/npg/default.html

Additional Resources
• Health & Safety Committee Conservation Wiki  

http://www.conservation-wiki.com/wiki/Health_%26_Safety

HELPFUL LINKS



CONVERSATION GROUP
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QUESTIONS:
1. PLEASE SHARE ANY HOME SOLUTIONS YOU’VE DEVELOPED 

THAT WE HAVEN’T ADDRESSED.
2.WHAT ARE YOUR IDEAS FOR THE DESIGN OF THE EXHAUST 

TABLE FOR THE PAPER CONSERVATOR?

•Large Paper Conservation
•Treatment with Ethanol
•Health & Safety Dept. Requires Fume Hood
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SUMMARY
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Jeffrey Hirsch, AIA, LEED AP
Principal, Director Of Cultural Practice

Daniel Klein, RA, LEED AP
Project Architect 

Roger Rudy, PE
Fire Protection / Life Safety Engineer

William Jarema, PE
Mechanical Engineer

THANK YOU



• Large Paper Conservation
• Treatment with Ethanol
• Health & Safety Dept. Requires 

Fume Hood
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THOUGHTS?

EXHAUST TABLES (FUMES)
EXAMPLES

1.WHAT ARE YOUR IDEAS FOR THE DESIGN OF THE EXHAUST 
TABLE FOR THE PAPER CONSERVATOR?




