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1. Introduction
1.1 Background

Waste disposal is a “Number One” Pollution Prevention and Compliance priority for the U.S.
Army and the other military services. Some installations have reported that up to 80% of their
solid waste stream can be composed of construction and demolition (C&D) debris.

Tens of thousands of temporary wooden buildings from the World War I (WWII) era, compris-
ing over 50 million square feet (sf) of floor area, await removal from numerous U.S. military in-
stallations. The Principal Deputy Assistant of the Army (PDASA) has committed the Army to
supporting initiatives whereby the Army and surrounding communities can benefit from the re-
use of excess Army buildings. The U.S. Environmental Protection Agency (EPA) Office of Solid
Waste has sponsored research at ERDC/CERL to identify the potential for C&D debris diversion
from landfills. Wood coated with lead-based paint' (LBP) makes the removal and disposal of de-
bris from these buildings problematic in terms of both process and cost.

“Smash-n-trash” landfilling is the most common disposal method for building debris, and the
reuse or recovery of the LBP-coated wood has seldom been attempted. In some states, such as
California, where 40,000-plus wooden buildings must be removed from military sites, LBP-
coated wood is often regulated for disposal only in a hazardous waste landfill, which is expen-
sive both in terms of money and the reduction of landfill service life. The issue of landfill life is
of great concern: there are now few operating landfills on Army installations, and the number of
commercial landfills has decreased from about 10,000 to approximately 2,000 sites over the past
10 years. Removal of the LBP from wood waste could reduce the volumetric burden on landfills
by 60 — 75%.

It is notable that apart from its deserved reputation as an environmental and health hazard, LBP
provided excellent protection from the elements to the wood that it covered. Proprietary milling
machines and processes can be used to economically reclaim the lead- contaminated wood,
providing a means to recover a valuable resource which would otherwise be sent to landfills. The
wood specimen shown in Figure 1.1 is Douglas fir of “C” (or custom) grade, which signafies the
highest quality; it is expected that most of the recoverable wood in California and the northwest
United States will be of the same or similar high-quality grade. The recovered wood could be
reused as a construction material or reprocessed with value added to make high-end, revenue-
generating wood products such as flooring, siding, trim, paneling, etc. (Figure 1.2). It is
estimated that 60 — 75% of the wood from WWII-era barracks can be recovered. Doing so could

! Lead-based-paints were produced in the United States as early as 1804. Lead pigments were used extensively in
exterior and interior oil paints up to the mid-1970s.



lead to significant cost savings in the building removal process and a dramatic decrease in the
volume of wood waste trucked to landfills.

Figure 1.2. T&G paneling with finger grooved pieces remanufactured from LPB-coated siding.

2 Original Grade Stamp, West Coast Lumber Association, Visual Grade C for “Custom”, Mill 83.



1.2 Objectives of the Demonstration

This project demonstrated a process to economically recover materials from obsolete buildings
and capitalize on their value instead of disposing of them in a landfill. The purpose was to vali-
date, on a production scale, the use of innovative woodworking equipment to reclaim architec-
tural wooden members such as exterior siding and dimensional lumber that have been coated
with LBP. In addition to laying the groundwork for large-scale processing and remanufacturing
operations, the demonstration included an exploration of large-scale marketing of the recovered
wood products. The work included quantitative projections of the reduction of landfill burdens,
the increase in landfill service life, and a valid estimate of the return-on-investment through the
recovery and sale of high-quality value-added finished wood products.

This work was performed at Camp Roberts, a large California Army National Guard installation
in west-central California where more than 600 WWII-era wooden buildings need to be re-
moved. Camp Roberts has experienced problems with the disposal of lead-contaminated wood
during previous building removal activities. The planned construction of new facilities requires
timely removal of targeted wooden buildings. Those buildings (see Figure 1.3) are typical of the
tens of thousands of WWII-era wooden buildings still to be removed on military installations
across the nation.

Figure 1.3. Vacant deteriorated WW!1I-era barracks coated with LBP.

With more than 50 million sf of buildings to be removed from the Army real property inventory
alone, any process demonstrated to decrease removal costs would provide a significant benefit.
The cost to landfill just the siding from the current list of excess Army buildings would exceed
$6 million dollars. And with tipping fees for hazardous waste landfills being at least six times
greater than for conventional landfills, the disposal cost would increase dramatically for any por-
tion of siding contaminated with actionable amounts of lead. If the waste volume going to land-



fill were reduced by half of the original amount represented by whole boards, then the disposal
costs would also be similarly reduced. The expected recovery rate is 60%, but given more favor-
able conditions, it is not unreasonable to expect to recover as much as 75% of the wood. If the
revenue from the sale of the reclaimed wood or finished products were factored in, total building
removal costs could be further reduced.

Also, in the case considered here, the projected benefits extend beyond direct cost savings to in-
clude pollution prevention and compliance returns on investment. Recovery and reuse of high-
quality architectural wood conserves much of the energy investment embodied in the production
of the original construction material while taking volumetric pressure off landfills.

The demonstration was conducted in an attempt to determine those cost savings with a high de-
gree of confidence. Upon validation, the processes and technology could readily be transferred
beyond the military services to other federal agencies, state environmental and waste manage-
ment authorities, and land reuse authorities that face similar building removal and disposal prob-
lems.

Other indirect but tangible benefits associated with this demonstration include a reduced burden
on forest resources, the creation of new jobs, and new sources of revenue for property owners.

Chronologically listed below are the principal goals and guidance that influenced the objectives
of this ESTCP demonstration/evaluation:

e 13 May 1998, The DoD Pollution Prevention Measure of Merit Memorandum
0  https://www.denix.osd.mil/denix/Public/ES-Programs/Pollution/Moms/p2mom.html
o "By the end of FY2005, ensure the diversion rate for nonhazardous solid waste is greater
than 40%, while ensuring integrated nonhazardous solid waste management programs
provide an economic benefit when compared with disposal using landfilling and incinera-
tion alone.”

e 14 September 1998, Executive Order 13101, Greening the Government Through Waste; Pre-

vention, Recycling and Federal Acquisition

O http:/www.ofee.gov/eo/13101.htm

o “Section 101. Consistent with the demands of efficiency and cost effectiveness, the head
of each executive agency shall incorporate waste prevention and recycling in the agency's
daily operations and work to increase and expand markets for recovered materials
through greater Federal Government preference and demand for such products. It is the
national policy to prefer pollution prevention, whenever feasible. Pollution that cannot be
prevented should be recycled; pollution that cannot be prevented or recycled should be
treated in an environmentally safe manner. Disposal should be employed only as a last re-
sort.”




2000, Recommendation of Army Pollution Prevention Technology Team (periodically re-
viewed):
o Performance Metric: divert C&D debris by 65% by FY08

2001, Army Environmental Requirement and Technology Assessments (AERTA) (3.5.¢),

“Solid Waste Diversion™:

o Addresses the issues of the high volume of demolition debris going to landfills. The
Training and Forces Commands of the Army also lists this as their #1 pollution preven-
tion requirement.

20 November 2002, The Army Assistant Chief of Staff for Installation Management (ACSIM)

Memorandum

o Directs installations, where feasible and cost effective, to end the use of on-post federal
government-owned solid waste landfills

o Encourages installations to obtain solid waste collection services from local, municipal,
or public/private regional authorities

06 February 2006 (Revised 11 July, 2006, The Army Assistant Chief of Staff for Installation

Management (ACSIM) Policy Sustainable Management of Waste in Military Construction,

Renovation, and Demolition Activities

o Requires a minimum of 50% of all nonhazardous waste from Army construction, renova-
tion, and demolition activities be diverted from landfill disposal.

24 January 2006, Federal Leadership in High Performance and Sustainable Buildings Memorandum of Un-
derstanding (MOU)
o Includes a requirement for 50% C&D waste diversion.

6 March 2006, Guiding Principles for Federal Leadership in High Performance and Sustain-

able Buildings

o Provides guidance, supporting documentation and resources for implementing the Federal
Leadership High Performance and Sustainable Buildings MOU.

24 January 2007, Executive Order 13423 Strengthening Federal Environmental, Energy, and

Transportation Management

o Consolidates several previous Executive Orders addressing recycling, waste reduction,
environmentally preferable products, and sustainable buildings in the Federal govern-
ment.

o Codifies the Federal Leadership High Performance and Sustainable Buildings MOU and
Guiding Principles into and Executive Order, which includes the requirement for 50%
C&D waste diversion.



1.3 Regulatory Drivers

A number of regulations address the handling, transportation, and disposal of hazardous materi-
als. The material of interest in this demonstration was lead-containing waste produced by the
milling process that removed the LBP. The principal regulatory drivers are cited below, each in-
cluding significant measures and milestones pertaining to LBP. The pollution prevention re-
quirement relates to the recovery of materials otherwise destined for the landfill. The compliance
requirement relates to the observance of all federal, state, and local regulations controlling the
disposal of lead-contaminated materials.

1.3.1 The Resource Conservation and Recovery Act (RCRA)

RCRA waste tipping fees can vary, at the discretion of landfill owners, from $120 — $250/cubic
yard (cy). Non-RCRA waste disposal rates are much lower (e.g. $30 — $65/ton). There can be
considerable confusion about tipping fees based on volume versus fees based on weight. For ref-
erence purposes, from a real-world example, consider that a well packed 20 cy roll-off container
full of LBP-coated siding may weigh slightly less than 2 tons, incurring a weight-based tipping
fee of $60 — $130. However, volume-based tipping fees for disposal at a RCRA landfill would be
at least $2,400 (i.e., 20 cy times $120). Therefore, a technology that can reduce RCRA waste
volumes would lower waste disposal costs significantly.

RCRA is the primary regulatory driver for hazardous waste management activities. Passed in
1976 and amended twice in the early 1980s. Congress established the following goals for RCRA:

To protect human health and the environment from the potential dangers of waste disposal
To conserve energy and natural resources through waste recycling and recovery

To reduce the amount of waste generated

To ensure that wastes are managed in an environmentally sound manner.

Some of the features of RCRA that affected this demonstration were:

e Presence of LBP classifies the wood as a RCRA hazardous waste that must be disposed of in
a hazardous waste landfill.
e Lead-containing waste is defined as hazardous when it leaches 5 ppm?® of lead or greater in
the Toxicity Characteristic Leaching Procedure (TCLP) analysis.
o The TCLP extraction is designed to simulate the climatic leaching action expected to oc-
cur in landfills.
o When this extraction method is used, solid matrices are reported in liquid units.

3 ppm: parts per million; 100 ppm = 0.01% by weight. This is equivalent to 1 mg/kg.



e Some states exempt LBP-coated residential structure demolition debris from the requirement
to dispose in hazardous waste landfills. Even where exempt, however, the buildings are often
left standing because of concerns about long-term liability.

1.3.2 The Occupational Safety and Health Administration (OSHA)

This project is affected by OSHA rules that prevent lead-containing waste from being released
into an environment where workers are present:

e OSHA mandates include the regulatory requirements for Hazard Communication Standards
and the Hazardous Waste Operations and Emergency Response Worker Protection Standard.
e OSHA Lead in Construction Rule (29 CFR Part 1926.62,June 1993):

o applies to construction (deconstruction) work where any lead containing material is pre-
sent.

o applies to all construction work where an employee may be exposed to lead: demolition
or salvage, new construction, alteration, repair, transportation, disposal, storage or con-
tainment of lead or materials containing lead on the construction site

o action level is 30 pg/m’ over an 8-hour period

permissible exposure limit (PEL): 50 pg/m’ for an 8-hour period
o methods of compliance involve

— engineering and work practice controls: to keep exposure below the PEL

— ventilation of enclosed areas where required: to supplement work practice controls

— administrative controls: job rotations to shorten shifts in exposure area

o construction activity allowable exposure levels (ug / m’)

o

— blasting in containment 27,000
— cutting and burning 600
— hand scraping 96
— manual demolition 50
— chemical stripping 11

Other regulations protecting the public and the health of employees in the workplace from haz-
ards related to the management and transportation of hazardous waste are enforced by the U.S.
Department of Transportation.

1.3.3 The Department of Transportation (DOT)

The DOT regulates the transportation of hazardous waste. All local city, county, state, Federal
and U.S. Army regulations are observed. The primary concern will be the safe handling, process-
ing, containment and disposal of the LBP-contaminated shavings and scrap.

1.3.4 Lead-Based Paint Poisoning Prevention Act, 1971

e Prohibited the use of LBP in Government housing or federally-assisted housing.



e Was defined as > 1% lead by weight.
1.3.5 Consumer Products Safety Commission (CPSC), 1977

e Regulated use of paints for residences, public area, paints on consumer products, and general
sales to the public
e Limited lead level to 0.06% by weight (600 ppm).
e 16 CFR Part 1500.230 “Guidance for Lead (Pb) in Consumer Products”, 1998
o “...any firm that purchases a product for resale is responsible for determining whether
that product contains lead and, if so, whether it is a “hazardous substance.’ ”’
O http://www.cpsc.gov/businfo/frnotices/fr99/lead.html

1.3.6 Department of Housing and Urban Development

e Incorporates CPSC lead standard of 600 ppm by weight in dry paint

e Limits lead content in measured surface to 1 mg/cm” using nondestructive X-ray fluores-
cence analyzer

e Applies to child-occupied Federal housing and other child-occupied facilities.

1.3.7 California State and County Agencies

There are numerous California State and County agencies and legislative actions who also have
oversight concerning the handling of hazardous materials. Their requirements generally mimic
Federal laws. For the purposes of this Demonstration Plan their existence is simply noted here:

California Environmental Quality Act (CEQA), 1970

California Integrated Waste Management Board (CIWMB)
California Department of Toxic Substances Control (DTSC))
Monterey County Department of Health (MCDH)

Monterey Bay Unified Air Pollution Control District (MBUAPCD)

1.3.8 Unregulated Residual Lead Levels in Reprocessed Wood

Currently there are no regulations that specifically constrain residual lead levels in wood from
which LBP has been removed. Because the purpose behind most lead regulation is to protect
children from consuming LBP, it is reasonable to assume that such a regulation would follow the
guidelines of the CPSC in restricting lead levels in paint to 0.06% by weight, or 600 ppm. Part of
this demonstration includes a dialog with the EPA and the CSPC to establish appropriate safety
levels for the recovered wood.

When establishing a limit for lead in consumer paints, CPSC relied on medical research that in-
dicated a very young child could ingest 15 pg of lead daily without ill effects. That finding was
the basis upon which CPSC established 0.06% as the maximum quantity of lead allowable in



consumer paints. Note that the 15 pg value is not a regulatory limit or threshold in and of itself.
In order for a child to ingest 15 pg of lead from the wood typically coming from these opera-
tions, he or she would have to consume 0.5 — 1 cu cm of wood daily, at a 0.06% lead concentra-
tion, which is an improbable amount. For a more thorough discussion of the safe handling of the
final wood products, see Appendix E.

1.4 Stakeholder and End-User Issues

The results of this demonstration enable both the public and private sectors to evaluate the tech-
nology in comparison with their own scales and capabilities. The Army installation Directorate
of Public Works (DPW) must consider the cost of the technology and its effectiveness in reduc-
ing the volume of wastes needing to be trucked to hazardous waste landfills. Responsible per-
sonnel will have to decide whether enough lead-contaminated materials will be generated to war-
rant the acquisition of a suitable planing machine, or whether contracting for the services will
suffice. Installation management will also need reliable projections of disposal cost avoidance
and a realistic assessment of whether any significant amount of revenue will accrue from the
marketing of value-added products made from the recovered wood.



2. Technology Description
2.1 Technology Development and Application

A straightforward way to divert and reclaim the large amounts of LBP-coated wood currently
going into landfill is to mechanically plane the paint film from the board surface. With the LPB
removed, the board can then be further machined into value-added profiles for use as flooring,
siding, or wainscoting. The shavings from the planing process, which may include a surface layer
of lead-contaminated wood, represent a small fraction of the volume of the original board.

The advantage of mechanical paint removal versus chemical or thermal stripping is that it leaves
no hazardous chemical sludge to dispose of: the waste product is dry and concentrated, ready for
appropriate disposal or further processing to reclaim the lead. The shavings can be treated with
portland cement or a phosphate to stabilize the lead compounds, and landfilled. In California and
other states, lead treated in this manner costs less than by other methods to landfill.

Figure 2.2 illustrates the differences between conventional smash-n-trash building demolition

and disposal methods and the proposed alternative process for reclaiming LBP-contaminated
wood.
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Under current regulations, an allowable level of lead for trace amounts in the recovered wood
has not been formally established. Permissibility can be ambiguous and the “permissible”
amount still needs to be formally defined. During the laboratory-testing phase of this technology,
some recovered samples had trace amounts of lead below the painted surface but the concentra-
tion gradient tapered off quickly®. As indicated in Table 2.1, total lead concentrations for six
samples of siding from the former Fort Ord indicate that surface concentrations average about
5,500 ppm and drop to an average of about 27 ppm at an average depth of about 0.06 in’. These
results indicate that the lead contained in LBP does not penetrate the wood siding in significant
quantities more than a few hundredths of an inch.

Table 2.1. Penetration of lead in wood siding from Fort Ord.

Total Lead
Total Lead
Source Source | Depth of | Before .
2 . After Planing
Sample Sample |Cut Planing (ppm)
(in.) (ppm)

a 0.04 5300 8.4
Fort Ord b 0.05 6500 6.9

c 0.05 7500 65.0

d 0.07 1700 48.0

e 0.08 6500 24

f 0.10 5400 26.0

YIndicates a sample with no planing (i.e., all paint remaining).
ZAmount of material removed with planer from top surface (painted) of siding.

Although the proposed paint removal process is simple in concept, there are difficulties to plan
for in practice. Milling old and warped wood can be difficult. Aged wood can become very hard,
and sometimes contains embedded nails. Visible nails must be removed before milling. Embed-
ded nails can instantly ruin a standard industrial planing blade. However, hidden nails are less of
a problem for an innovative woodworking machine made by Auburn Machinery®, Inc.(AMI),
Lewiston, ME. The AMI Yield Pro line of woodworking equipment uses a patented machining
head that resists damage from hidden nails, but is still able to resize and produce a smooth finish
on the board.

The lumber recoverable from WWII-era barracks can be used to create standardized woodwork-
ing profiles. This is important because it facilitates entry into the mass market instead of only
niche markets for low-volume or highly specialized wood products. Once the LBP is planed from

* Falk et al. 2005.
> Falk et al. 2006.
e A subsidiary of Auburn Enterprises, Auburn, ME.
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the wood, each piece of wood must be assessed to determine the most suitable profile, such as
flooring, paneling, or trim. Several examples are shown in Figure 2.2, Figure 2.3, and Figure 2.4.
Each specimen’s attributes, such as wood species, physical quality, dimensions, local market re-
sale value, or other factors, will determine the most appropriate profile to be milled.
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Figure 2.4. Section of typical bevel siding profile.

For this ESTCP demonstration, the paint was removed by milling the wood into blanks. The in-
tention was for Wood Waste Diversion, LLC (WWD), Pacific Grove, CA (a project subcontrac-
tor/partner) or a purchaser of the blanks to subsequently mill the blanks into market-ready pro-
files based on an analysis of market demand, available distribution channels, and other consid-
erations. Figure 2.5, Figure 2.6, and Figure 2.7 show examples of finished products of the dem-
onstration.
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Figure 2.6. V-groove paneling remanufactured from WWII-era barrack.
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Figure 2.7. A box for packaging fine wines, made of wood recovered from Fort Ord.
2.1.1 Stage/Unit Descriptions

The appropriate handling of LBP has a history dating back to the 1970s. Such technologies in-
clude concrete encapsulation, post-removal phosphate treatment to make the lead inert, chemi-
cals applied in situ to make the lead inert, and thermal spray vitrification to remove and encapsu-
late the LBP. Those methods are designed to prevent lead from leaching into groundwater after it
has been deposited in a landfill. A practical, self contained system specifically designed to safely
and economically remove LBP from wood — the mobile unit demonstrated in this project —
was conceived in 2000, and demonstrated on a laboratory scale through leveraging with decon-
struction demonstrations at Fort Campbell, K, and the former Fort Ord, CA. The individual
components of this demonstration are described in section 3.6.

2.1.1.1 WWD Mobile Unit

All painted wood was processed using a mobile planing unit designed and assembled by WWD.
The central feature of the mobile unit (MU) is the YieldPro wood planing and sawing machine
(Figure 2.8), which can process up to 3 surfaces of wooden stock using any of several different
configurations.
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The configuration evaluated in this demonstration consisted of three planing heads (top, bottom,
and one side head) and a side-ripping blade. (Hogging blades can also be used for greater mate-
rial removal.) The MU is capable of machining three surfaces simultaneously in a variety of con-
figurations.

The YieldPro was housed in a self-contained mobile trailer that includes standard commercial
electrical generation, air compression, dust collection, residue storage, and fire-suppression sys-
tems (Figure 2.9 and Figure 2.10).

The dust collection system is equipped with a HEPA filter to contain shavings, sawdust, and de-
bris. The residue storage chamber is equipped with an auger conveyer for transferring the col-
lected debris into transport containers.

Figure 2.8. Auburn YieldPro wood milling machine.

Figure 2.9. Mobile unit during setup.
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Figure 2.10. Mobile unit with recovered Douglas fir lumber.

During the demonstration, efficiency enhancements were suggested and tested in order to further
improve the economics of the process. Experienced equipment operators were employed to avoid
upwardly skewing process costs with a learning curve that would not actually be a recurring fac-
tor in an established operation. However, the cost did include equipment use and maintenance
costs in addition to the deconstruction procedures and waste disposal costs.

The MU was designed for purposes that align perfectly with the demonstration objectives stated
in Section 3.1.

2.2 Previous Testing of the Technology

The U.S. Army Corps of Engineers (USACE) Engineer Research and Development Center’s
(ERDC) Construction Engineering Research Laboratory (CERL), in a cooperative effort with the
USDA Forest Products Laboratory, previously completed a small-scale project using the subject
wood reclamation technology. In that demonstration, the siding from two WWII-era barracks
was removed and processed through the Yield Pro planer. Various ways to reuse and recycle the
demolition debris from Fort Campbell and Fort Ord WWII-era wooden buildings were investi-
gated during summer 2002. Optimal profiles for the recovered siding were considered (see Sec-
tion 3.5).

More recently, the MU was also used to remove LBP from removed from WWII-era Army build-
ings at California State University at Monterey Bay, CA (part of which is located on the former
Fort Ord). While the reclamation of wood by mechanically removing the LBP from the wood
was a topic addressed in the overall focus of the earlier projects, it only focused on the siding and
did not consider other wood materials from the buildings and the associated costs. This demon-
stration, by contrast, investigated all significant potential sources for reclaimed lumber available
within the barracks targeted for demolition as well as total building removal and salvage costs.
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Specifically, this demonstration considered all dimensional lumber taken from the barracks. All
wood painted with LBP was machined into blanks for reprocessing, and all available unpainted
wood was concurrently recovered. Unpainted lumber whose value could be increased by the
planing process were also milled. This latter aspect of the demonstration was intended to explore
additional options for optimizing the value of recovered wood, thereby increasing the overall
economic benefit of the wood reclamation process.

The current generation of AMI Yield Pro equipment was developed for use by lumber mills and
pallet recyclers to reclaim scrap wood and old pallets for reprocessing into value-added wood
products. Ordinarily, lumber mill scrap and old pallets are ground up and used for fuel or low-
value products such as mulch (Figure 2.11). At the time of this demonstration, AMI operated
more than two dozen Yield Pro devices in commercial use; and Baywood Products, Inc., Rob-
ertsdale, AL, ran several thousands of pieces of dismantled pallets every day with boards con-
taining embedded nails. In 2002, while working with the Fort Ord Reuse Authority (FORA), trial
runs were made using the YieldPro to remove LBP from siding boards and to resize them. The
rectangular boards were then reshaped using a planer/molder into another tongue-and-groove
flooring boards and other profiles. See Section 3.5 for a list of accomplishments from that effort.

Figure 2.11. A low-value reuse option for recycled wood materials.

2.3 Factors Affecting Cost and Performance

Factors that affect cost and performance of this demonstration parallel those that affect the suc-
cess of a small construction project. The process involves removing barracks by taking them
apart and running the wood through the MU. The timing of materials supply, processing rates,
and marketability are important cost and performance factors. Variables affecting those factors
are listed below:
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Planning and design regarding project execution

o project planning

o process scheduling

o piggybacking onto a broader program (e.g., demolition)
Equipment must be utilized to minimize idle time

o commercial availability of proprietary milling hardware

o vehicles
o other machinery or tools
Logistics

o mobilization
o setup and operations
o demobilization
Availability and suitability of source materials
o location of original buildings
o quality of wood under the LBP
o amount of wood to justify the investment
Operations
0 processes
— collection of raw materials
— selection of staging areas
— milling sequences
— production rates
— transport and handling of goods and waste
— capacity of machine (likely to exceed the rate at which raw materials are provided for
it, therefore getting the materials to the machine quickly enough is a factor — mini-
mize idle-time for machines)
o labor force
— skilled
— unskilled
Maintenance
Safety and security
o Federal, state, county or laws and codes (EPA, OSHA, other)
o handling and disposal of LBP
— working environment external to machine
— working environment within the machine
Markets
o assessment and evaluation
— range of products
competition in same product area
— desirability
forecasting
— local vending capabilities
o execution

19



— investment strategy
— mode/venue of sale (e.g., auctions, shelved goods)
— moving goods to market
¢ Administrative and business practice

o paradigms do not exist in current business practices

o learning curve (scheduling, supply, design, engineering, construction will have to adjust
on-the-fly; not a straightforward one to one replacement

e Contingencies / barriers

o physical
— enough material to warrant setup and operations? (worth the effort?)
— unsuitable wood species
— poorly maintained
— poor condition, rotten, infested
— history of fire
— poor climate

o local site conditions
— not accessible
— unable to protect neighborhood

o market conditions
— supply outpaces demand or vice versa (makes marketing less feasible)
— fluctuations in demand nation wide and locally (not uniform)

2.4 Advantages and Limitations of the Technology
The principal advantages of the technology were found to be as follows:

e commercial availability

e reduction of overall costs of landfilling C&D debris

e solves a costly pollution prevention problem for the Army and DoD

e technology is mobile and self-contained

e generated lead wastes are dry, concentrated, and easily packaged for disposal
e unskilled labor can be used for deconstruction, reducing labor costs

e lack of competitive technologies for this kind of recovery

The limitations of the technology were found to be as follows:

e the required careful deconstruction procedures add labor costs

e MU can process only one board at a time

e assessment for optimal profiles requires hands-on inspection and qualified judgment
e skilled labor is required to operate machinery at the inlet and outlet work stations

¢ handling of LBP shavings and scraps is regulated by mandates on hazardous waste.
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3. Demonstration Design
3.1 Performance Objectives

This demonstration was designed to reveal quantitative data and qualitative information pertain-
ing to the following demonstration objectives:

1. Demonstrate, evaluate, and document a self contained and mobile process to safely, me-
chanically, and economically retrieve wood materials onsite from obsolete buildings.

2. Demonstrate, evaluate, monitor, and document the entire scope of this process for safely
handling and disposing of LBP in an environment, manner or scale which has never before
been commercially achieved.

3. Demonstrate, evaluate, and document the reduction in volumetric burden upon hazardous
and/or nonhazardous waste landfills that may result from this technology.

4. Demonstrate, evaluate, establish, and document (local) market parameters for the recovered
wood products.

5. Demonstrate, evaluate, validate, and document market parameters by capitalizing on the
value of the recovered wood materials through optimum (local) market venues.

6. Demonstrate, evaluate, and document the advantages and disadvantages for economic, envi-
ronmental, and operational aspects for the life-cycle of the process and technology (in terms
of time, cost, quality, and safety). Include regulatory, legal preparation, logistical setup, de-
construction, wood sorting, milling, hazardous and nonhazardous waste disposal, optimal
wood profiles for high-quality and high value wood products, optimal marketing strategies
and parameters, logistical break-down, and clean-up operations. Include takeoff and charac-
terization of each building in-place; inventories and values of the reclaimed and recycled ma-
terials; a description of the material salvage and reclamation processes; costs incurred to sal-
vage and reclaim, recycle, and dispose of the building materials; waste disposal characteriza-
tion data; air monitoring data.

7. Demonstrate, evaluate, and establish the levels of lead concentration that remain in wood af-
ter the LBP has been removed. (Because there is no explicit current guidance dictating per-
missible levels in the recovered wood, allowable levels must ultimately be established and
defined.)

8. Demonstrate, evaluate, establish, and describe the needs and requirements for existing and/or
new or altered codes, regulations, and or standards in order to make the process and technol-
ogy open and accessible as well as the products produced by the technology marketable.

9. Document lessons learned and recommendations for that which is not included above.

The objectives are summarized in Table 3.1.
The equipment and processing were set up and operated in the same conditions, manner, and
scale as would be expected for similar real-world projects at military installations. Experienced

equipment operators were used to minimize any learning curve that might negatively skew the
cost data. The deconstruction and materials-handling operations were documented. During op-
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erations, enhancements were explored to maximize procedural and equipment efficiencies, from
board removal techniques to the steps necessary for making high-value finished products. An in-
dependent cost/benefit analysis addressing equipment use, maintenance costs, deconstruction
procedures, and waste disposal was performed to verify the recorded results.

Table 3.1. Performance objectives.

Type of Performance Criteria Expected Performance Actual Performance
Performance
Objective
Quantitative Net cost Less or equal to $12/sq ft of $12.01/sq ft not incl
building contractor’s claim;
$15.49/sq ft, incl. contractor’s
claim
Time: project schedule Remove building in no more 8 work days / building
than 6 work days
Time: productivity Process 9,000 If of clean wood | 11,240 1f/ day
products per day
Quality: waste Divert 60% or more from 80.30% reduction in landfill
reduction/landfill diversion | landfilling burden
Quality: marketability of Market 50% or more of 71.60% of wood sold
salvaged materials salvageable wood
Safety: accidents Zero reportable accidents 1 lost time accident discovered
by ERDC-CERL
Safety: airborne lead dust Prevent airborne lead Non-detectable levels outside
concentrations approaching 30 | MU; 30ppm within unit
ppm within 100 ft. of MU
Safety: lead concentration in | Limit residual lead in cleaned | <6 — 34 mg / kg detected at
processed wood products wood products to less than 600 | wood surface
ppm
Qualitative Product quality: Interest by local mills & Lukewarm interest because of
marketability lumber dealers low volume. Interest by
dealers if greater quantities are
available
Safety: LBP handling Comply w/ all applicable No violations
regulations; no NOVs
Regulatory guidance: Develop recommendations for | Results of characterization are
EPA/DoD/others for LBP- being incorporated into Army
coated materials’ handling Public Works Technical
bulletin

3.2 Selection of Test Site and Facilities

The prime location for this demonstration was Camp Roberts, a large California Army National
Guard installation in west-central California.
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3.3 Test Site/Facility History and Characteristics

Congress authorized funds for the purchase of land and building of training sites in 1940. The
42,784 acres that comprise Camp Roberts have served as a training installation and as an out-
processing center for hundreds of thousands of soldiers during WWII, the Korean War, and the
Vietnam War. At its peak of activity, Camp Roberts ranked among the world’s largest military
training centers. Camp Roberts was officially closed by the Army as a training installation in
April 1970, and on 2 April 1971 it was reopened by the California Army National Guard, under a
license from the Army, as a Reserve Component Training Center. Today the mission of Camp
Roberts is to facilitate the training, mobilization, and security of the National Guard, Army Re-
serve, and active component units in support of Federal, State and community missions.

Camp Roberts was selected as the demonstration site because there was a high degree of support
for the project and the installation has many WWII-era barracks that are ready for removal. Be-
cause the excess barracks are unoccupied and out of the way, the work could be performed with-
out interrupting daily camp operations. Also, the contractor selected for removing the LBP from
the salvaged boards is located near the site.

Another reason for selecting Camp Roberts is that the installation experienced problems in dis-
posing of lead-contaminated wood during previous building removal activities, so a successful
demonstration would concurrently solve a pre-existing problem. The Camp Roberts DPW had
recent cost data for those building-removal activities, and that information was highly beneficial
in performing cost analyses for comparing the various deconstruction options and validating the
benefits of the technology being demonstrated. There are between 600 and 700 WWII-era
wooden buildings that will need to be removed because of future new construction that is ex-
pected. More information about Camp Roberts is available at http://www.calguard.ca.gov/cprbts/.

3.4 Present Operations

As noted previously, Camp Roberts is operated today by the California Army National Guard,
serving primarily as a Reserve Component Training Center but also as a training resource for all
U.S. uniformed military services as well as those of certain allied nations.

The Camp Roberts waste disposal program is typical for Army installations. The installation
maintains its own landfill, which contains some LBP, and has filed a request with DTSC to ex-
pand the landfill in order to dedicate a portion to LBP-contaminated materials. (That decision
was still pending at the time of this writing.) The closest authorized hazardous waste landfill is
65 miles away, at Kettleman City, CA. The closest nonhazardous landfill is located 30 miles
from Camp Roberts, at Atascadero, CA. Tipping fees for offsite RCRA C&D waste disposal have
been calculated at $1,200/ton ($120/cy, assuming about 10 cy/ton), and tipping fees for non-
RCRA C&D waste at $65/ton. The $1,200/ton RCRA tipping fee is a conservative estimate that
assumes a well packed waste container. A less-well-packed container would equate to higher to-
tal costs because the rate is based either on a price per cy or per weight, whichever dollar amount
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is higher. The higher the total costs for disposing of RCRA wastes, the more economically bene-
ficial will be the demonstrated waste diversion and salvage process.

Because the buildings and the area used for the demonstration project were unoccupied and lo-
cated remotely from daily installation operations, there were no receptors to airborne lead within
thousands of yards of the work area. However, there is no Standard Industrial Classification that
corresponds to deconstruction activities or the recovery operations demonstrated in this project.

3.5 Pre-Demonstration Testing and Analysis

In 2002, obsolete WWII barracks coated with LBP were, respectively, deconstructed at Fort
Campbell, KY, and demolished at the former Fort Ord, CA. Prior to the scheduled deconstruc-
tion/demolition, sample siding was taken from five buildings at Fort Campbell and processed by
the USDA Forest Products Laboratory (FPL) at Madison, WI. At Fort Ord, sample siding was
taken from 26 buildings prior to their demolition and milled using the WWD MU ; some of the
wood was also shipped to FPL. The research on safe, mechanical removal of the LBP and re-
manufacture of the recovered wood into saleable products produced positive results’. The proc-
ess was evaluated using both the MU and an indoor laboratory workshop environment. The high-
lights of those tests are summarized below:

e Drop 105 pattern wood siding salvaged from military buildings can be successfully remanu-
factured into value-added products using equipment commonly found in the new and used
woodworking machinery market.

e  When properly sized and specified, commonly available woodworking dust collection sys-
tems can be used to safely filter and collect waste LBP shavings and dust from machining
operations of wood coated with LBP.

e An evaluation of three product profiles, including tongue and groove (T&G) flooring, V-
groove paneling, and bevel siding indicated that all could successfully remanufactured from
the % in. thick salvaged wood siding. It was concluded that T&G flooring is a promising
product, as short pieces of siding can be utilized.

e It was notable that instead of decreasing the products’ value, the presence of nail holes uni-
versally increased the value of the wood by providing a “rustic” or “environmentally stylish”
character. Additionally, the nail holes present in the salvaged siding may not significantly af-
fect the market value of the T&G flooring.

e An evaluation of the Douglas fir siding from the former Fort Ord and the Southern Pine sid-
ing from Fort Campbell indicated that about 1/3 of total length was lost to end trim, splits,
and other defects.

e The siding salvaged from the former Fort Ord contained far less wood decay than the siding
salvaged from Fort Campbell. The primary reason is likely the dryer seasonal conditions

" Falk et al. 2006.
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(wood dryness) associated with the Fort Ord location. Surface checking and end-splits in the
former Fort Ord siding were less frequent than the siding salvaged from Fort Campbell.

e As much as 50% of the weight of the salvaged from the former Fort Ord siding can be saved
from landfill disposal by remanufacturing into T&G flooring (i.e., only 50% of siding ends
up as waste). Savings are somewhat lower for other profiles and for the Fort Campbell sid-
ing, due to their greater width. As the finished milled product is a standard width (3 1/8 in.
flooring, for example), any feedstock material in excess of that width is trimmed and wasted.
For example, more material is wasted from a reclaimed 8 in. siding board than from a 6 in.
siding board.

e An estimated market value for Douglas fir flooring produced from the siding from a typical
single story Fort Ord barrack is calculated to be at least $2,500.

e [t is estimated that the remanufactured Douglas fir millwork would have a potential producer
sale value of about $1.20 bf to $1.90 bf. For market comparison purposes, commingled
Southern Yellow Pine millwork produced from salvage would have had only about half of the
resale value of Douglas fir (about $0.80 bf) at the time of the survey (Falk et al. 2006). The
Camp Roberts project did not include any Southern Yellow Pine, but it is a common species
in WWII-era wood buildings located elsewhere.

3.6 Testing and Evaluation Plan

Because building removal is in essence a construction project, the demonstration was conducted
as such. Considering that the objectives of the project were to demonstrate the viability of the
technology, the metrics of interest were time, quantity, quality, unit costs, and overall project
cost.

3.6.1 Demonstration Setup and Startup

The demonstration site, from which three adjacent buildings were removed, was characterized by
features similar to that of a small construction project. The work area was set up by cordoning it
off and sectioning it for materials staging and processing. The only major piece of equipment,
other than a man-lift, was the self-contained MU; conventional hand tools also were used.

The startup process encompassed the following considerations, equipment, and services:

e Sited on Camp Roberts at a location near the buildings to be demolished
e Temporary facilities

o admin field office (project management, records)

o telephone

o toilet facilities
e Mobile milling unit

o trailer as pictured in Figure 3.2, Figure 2.9, and Figure 2.10

o safety and security
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(0]

maintenance description (milling machines as needed; no support from Camp Roberts re-
quired for maintenance)

Disconnect utilities (Camp Roberts responsibility)

(o}
(o}

disconnect electric
disconnect water

Utilities (contractor responsibility)

(o}
(o}
o

provide water (fire, dust suppression)
provide water (potable — coolers)
provide electricity (machines, power tools)

Staging areas (segregation piles, pre-milling, post milling, C&D waste, recycling, other)

o near deconstruction areas

o near machines

o near water (fire)

o near waste bins

o other

Vehicle parking

o overnight

o number and description of vehicles
o security provided by Camp Roberts
Signage

o no unauthorized personnel

o testin progress

o no dumping

o safety office

o other as required by site conditions

Provide protection

(0]

o

O O O ©O

land areas: preserve land areas outside the limits of the work area in their present condi-
tion

trees and shrubs

water resources: control disposal of fuels, oils, bitumen, calcium chloride, acids or other
harmful materials, both on and off the government premises.

dust control: water sprinkling

erosion control: temporary erosion and sedimentation control for exposed areas subject to
erosion due to rainfall

under/above ground utilities

fencing around work areas (4 ft high orange plastic snow fencing is acceptable)

tools and equipment storage (locked in facility provided by Camp Roberts)

overnight vehicle parking
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3.6.2 Planer Mobilization and Setup

All required permits and fees were handled by the contractor. The contractor was required to dis-
connect all utilities from the barracks and remove friable asbestos before work began. Moving
and setup of the mobile wood planer was completed in a few hours.

3.6.3 Period of Operation

The original ESTCP Demonstration Plan included an expected startup date for onsite activities to
begin in May 2004. However, a difficulty developed between WWD and Auburn Enterprises —
the constituent businesses that had formed a partnership under the name USA Recovered Re-
sources (USARR) to bid on the project contract. USAAR ultimately was not able to fulfill the
contract, and neither WWD nor Auburn were able to perform the work alone. Consequently,
ERDC-CERL was compelled to terminate that contract at the convenience of the Government
and seek other solutions at a late date in the project schedule. A designated 8A contractor, Ahtna
Government Services Corporation, West Sacramento, CA, was identified as an alternative con-
tractor given that the company met the experience requirements and had a previously established
working relationship with WWD, the owner of the MU. The Demonstration Plan was then re-
vised to accommodate a projected startup in early 2005.

3.6.4 Amount/Treatment Rate of Materials to be Treated

Materials were salvaged from about 14,400 sf of WWII-era barracks. The primary source of
wood was siding, dimensional lumber framing, blocking and bracing, sheathing boards, and
flooring from three two-story Type 1A Barracks measuring approximately 30 x 80 x16 ft (Figure
3.1). Deconstruction was performed by Ahtna Government Services Corporation (AGSC), West
Sacramento, CA, the project primary contractor. The planing operation to remove the LBP was
performed by WWD as a subcontractor/partner. All feasible materials from these barracks were
recycled but the focus was on reclamation of the painted wood. (See Table 3.2 in Chapter 3 for a
description of the lumber that can be found in a typical WWII-era barracks building.)
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Figure 3.1 Typical WWII barrack at Camp Roberts.

The wood used to construct WWII-era barracks, such as those found at Camp Roberts, is charac-
terized in Table 3.2. Given there is some wood that is already damaged or otherwise unsuitable
for reprocessing, and given recovery rates based on recent tests of the MU at the former Fort
Ord, these data suggest that 71% of the wood materials (by weight) can be recovered and sold as
a milled product. Of approximately 40 tons of wood material in one such barrack, up to 28 tons
should be recoverable and available for sale as milled products. Damaged or deteriorated wood
not contaminated with LBP can be ground for mulch, further increasing the total wood materials
diversion rate.

Approximately 19,000 If of siding and approximately 7,900 If of interior finish boards are avail-
able in three two-story barracks. In total, approximately 53,000 If of millable feedstock, both
painted and unpainted, can be recovered. Of approximately 26,900 If of painted siding and inte-
rior finish boards available, 22,480 1f were actually processed through the mobile planer.

The MU can mill up to 50 1f/minute (Ifm). The duration of continuous operation of the MU is
governed by the emissions of its diesel-powered generator. Prevailing MBUAPCD rules and lo-
cal conditions limited continuous operation to a maximum of 6 hours/day. Assuming an average
feed rate of 25 Ifm (linear feet/minute) over 6 hours (including downtime), 9,000 If of feedstock
could be processed in a workday. The MBUAPCD permit allowed up to 24,000 If to be proc-
essed per day, which was more than adequate to mill all usable painted stock hypothetically
available in the barracks.
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Table 3.2. Wood materials data for typical two-story WW11-era barrack (approximately 80 x 30 x 16 ft).

Q U t t Wood Wood

u n % a a Sal_vage Salv_age Wood
Wood Item a . Painted | Unpainted | Waste

N il ) 66% 75% (bf)

t an | o (bf) (bf)
1x4 T&G (1) 2409 | sf 60% | 7227 | 2409 | 954 723 732
1x4 T&G (2) 2409 | sf 50% | 7227 | 2409 | 795 903 711
1x6 Diag Sheathing (1) 2409 | sf 0% 4818 | 2409 |0 1807 602
1x6 Diag Sheathing (2) 2409 | sf 0% 4818 | 2409 |0 1807 602
1x4 Bridging 960 | If 0% 960 320 0 240 80
1x6 Novelty Siding (ext) 3196 | sf 100% | 6392 | 3196 | 2109 0 1087
1x8 Skirting (ext) 264 | sf 100% | 396 264 174 0 90
2x10 Joists (2) 1175 | 1If 0% 1175 | 1958 |0 1469 490
2x4 Ceiling Furring (2) 242 | If 0% 242 161 0 121 40
2x4 Framing (1) 1318 | If 50% 1318 | 879 290 330 259
2x4 Framing (2) 1632 | If 50% 1632 | 1088 | 359 408 321
2x4 Stud Framing (ext) 1434 | If 100% | 1434 | 956 631 0 325
1x4 T&G Veneer Paneling (1) 500 sf 50% 1500 | 500 165 188 148
1x4 T&G Veneer Paneling (2) 378 sf 50% 1134 | 378 125 142 112
2x8 Rafters (2) 1338 | If 0% 1338 | 1784 | 0 1338 446
2x6 Joists (1 perimeter) 220 If 0% 220 220 0 165 55
2x6 Joists (1) 1413 | If 0% 1413 | 1413 |0 1060 353
2x6 Joists (roof a) 632 | 1If 0% 632 632 0 474 158
2x6 Joists (roof b) 515 If 0% 515 515 0 386 129
2x8 Beams (1) 1179 | 1If 0% 1179 1572 | 0 1179 393
2x8 Beams (2) 482 | If 0% 482 643 0 482 161
6x6 Columns (ext) 296 | If 100% | 296 888 586 0 302
Eyebrow 1x10 Sheathing 792 sf 100% | 9504 | 792 523 0 269
Eyebrow 2x4 Rafters 676 If 100% | 676 451 297 0 153
Sheathing (R) 2611 | sf 0% 5222 2611 |0 1958 653
Totals 53196 | 30857 | 7008 15180 8671

If bf bf bf bf
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3.6.5 Residuals Handling: Onsite Waste Control

Areas on the ground surrounding the subject barracks were covered with heavy polyethylene
film to ensure no lead-contaminated materials came into contact with the ground and to segregate
the materials harvested in the deconstruction. Non-wood materials, fixtures, and hardware were
separated. Non-recoverable (decayed or damaged) wood was discarded as either hazardous or
nonhazardous waste depending upon its content of commingled LBP. Painted wood (all paint is
assumed to be lead-containing) was segregated from unpainted wood. A denailing station was set
with pneumatic denailers, and as an added measure for safety, the wood was inspected visually
before planing. The demonstration plan called for all LBP-coated wood to be milled. The LBP
shavings and scrap were isolated from the blanks and stored in appropriately lined containers.

The MU is equipped to capture all lead dust generated by the milling of LBP from the recovered
lumber. The RCRA waste was handled and disposed of at the Kettleman City landfill, and the
nonhazardous waste was handled and disposed of at the Atascadero facility. Shaving samples
were collected, and air quality was monitored near and around the MU and analyzed for lead
content.

The contractor was responsible for measures to prevent unrecovered materials, debris, rubbish
and other waste materials from becoming a nuisance or hazard within designated areas both dur-
ing the project and after its conclusion.

3.6.6 Operating Parameters for the Technology

Operating parameters were the same as expected for a small construction project. AGSC was
primarily responsible for deconstruction and removal of the barracks, and WWD was primarily
responsible for the wood reprocessing operations. AGSC had primary responsibility for market-
ing the recovered wood. USACE maintained a continuous presence on the site with personnel
from Mobile District, and ERDC-CERL sent onsite representatives during most of the field de-
construction and wood recovery activity. The process and data collection were monitored and
audited by the University of Florida Center for Construction and Environment (UFCCE) and
FPL.

3.6.6.1 Mobilization and Demobilization Activities

AGSC met with the Camp Roberts personnel to assure mutual satisfaction with the project’s
safety and environmental health plans, and a meeting on the same topic was conducted prior to
final site evacuation after breakdown and cleanup.

The contractors were responsible for selecting a suitable MU worksite with level ground and
measuring approximately 150 x 150 ft. A short checklist of procedures preceded startup. The MU
was moved as needed for optimal processing logistics. Upon arrival of the MU to the worksite,
startup typically takes less than 2 hours.
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As a result of consultations with the MBUAPCD, DTSC, CIWMB and the Monterey County
health department, a permit for a Transportable Treatment Unit (TTU) was applied for and
granted for purposes of the demonstration project. The ESTCP site at Camp Roberts falls under
the jurisdiction of the MBUAPCD, and the Authority to Construct permit listed locations where
the MU could be operated.

The MBUAPCD was informed of the expected project start date 10 days in advance, during
which time the workers and resources were transported to the worksite. A final pre-project meet-
ing was held before work began. Market research was continuous, with many conversations
weekly as to the current market conditions. The quality of the material and the recovery rate on
the project will help determine the market for the materials.

3.6.6.2 Operations: Labor and Equipment

A five-person crew deconstructed the barracks, segregated the materials according to the demon-
stration plan, and moved the wood to the mobile planing unit. During deconstruction the materi-
als were segregated according to whether they were candidates for wood recovery, non-wood
recycling, or C&D debris. Wood components were denailed and separated as painted or un-
painted and placed on carts or sawhorses to be transported to the feed staging side of the MU. It
was estimated that an experienced seven-person crew should be able to remove and de-nail the
siding from a standing building in a day (see Section 4.2.1 for actual production values). A scis-
sors or other suitable man-lift was considered necessary for the gable end, and a rolling scaffold
or suitable moving platform was considered necessary for the sidewalls. Siding, skirt boards and
trim boards should be removed carefully and sorted to width and length.

The MU included a source of compressed air for the operation of pneumatic “nail kickers” that
remove the nails from the lumber. Additional screening for embedded metals was also per-
formed, but it was not a prerequisite for the deleading process. To ensure the most efficient use
of the MU, the crew’s goal was to supply the siding to the planer in a continuous stream from the
start of operation.

AGSC accounted for a total of 2,396 labor hours to remove the buildings, process the wood
products, and leave the site in the appropriate condition. That total includes training and all other
construction-related activities not directly related to deconstruction and wood processing, such as
training, abatement, and sitework. The task consuming the greatest number of labor hours was
removing the siding from the buildings, which required 1,040 labor hours — considerably more
than ERDC/CERL had expected.

3.6.6.3 Wood Processing
Boards of similar widths were grouped together; all available boards of a given width were proc-

essed in a single run. The MU can process boards of any length, but the feedstock was also pre-
sorted by length to facilitate later sorting of the processed wood. Adjustments to machining
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width and board thickness require entry to the MU. When adjustments were necessary, a short
shutdown sequence was followed to prevent any fugitive dust releases. The HEPA filtration sys-
tem was run during equipment shutdown to maintain the negative air pressure within the MU
while adjustments were made. Adjustments typically required about 30 minutes to complete.

Permissible levels of airborne lead resulting from deconstruction and material processing activi-
ties were determined by the MBUAPCB per the California Environmental Protection Agency Air
Resources Board Risk Management Guidelines for New, Modified, and Existing Sources of Lead.
MBUAPCB counseled the contractor on the appropriate monitoring and sampling procedures
required.

Previous tests have shown variations of residual lead concentrations at various depths of the re-
covered wood but are generally significantly lower than 600 ppm which is the target threshold of
most legislation (see Table 2.1). A conservative depth (greater than 0.10 in.) was used during the
demonstration to restrict lead residues on the final product to minimal levels (less than 50 ppm).

An MU operating team consists of one qualified operator and laborer on the feed side, and what-
ever number of laborers is needed on the sort side to keep up with unit output (Figure 3.2). Typi-
cally the output would be sorted by length, wrapped, and banded for transportation to another
site for finish milling.

Figure 3.2. MU in operation, showing a representative crew size.

As previously noted, MU continuous operation was limited to 6 hours/day because of environ-
mental restrictions on diesel exhaust emissions from the unit’s electricity generator. This would
suggest a maximum daily quantity of about 9,000 If, assuming a feed rate of 25 1fm. However,
the design parameters of the MU allow for a faster feed rate; the optimum speed is determined by

32



the feedstock species, quality, and the end-use potential of the material. A higher quality of feed-
stock may allow for a more aggressive feed and, as a result, increased volume of processed
wood.

AGSC required 280 labor hours to denail and process the 22,480 If of siding and interior finish
boards removed from the buildings. Of that, 238 labor hours were required to denail, sort, and

handle the boards prior to planing, and 48 labor hours were spent actually running the boards
through the MU. A crew of four ran the MU for 6 hours each of 2 days.

3.6.6.4 Other Deconstruction Materials

It was anticipated that some wood would be too decayed to process or recycle, but most recov-
ered wood was expected to be reusable or recyclable. Contamination concerns, logistics, and lo-
cal economics determine the final fate of each material. Asphalt shingles are recyclable, but if
they are contaminated with asbestos they must be handled as hazardous waste even though not
explicitly defined as such by RCRA. Rotted, split, or otherwise unsuitable lumber was recycled
as mulch. Ferrous and non-ferrous metals were intended to be recycled, and architectural hard-
ware was assessed in terms of its value either as salvage or for recycling.

3.6.7 Experimental Design

Planning and monitoring the workflow from deconstruction to milling to market sequence were
central to the execution of this demonstration. This project represents the first time that all lum-
ber from a deconstruction project was considered for recovery and resale; previous projects in-
volved only the recovery of 1x8 siding boards. The economic benefits of the process (i.e., reve-
nues in excess of costs) were considered to be a key success criterion. Benefits of the proposed
process were compared with the standard practice of demolition and landfilling. The economic
benefits of diverting waste from landfills were estimated, and all parameters involving time, cost,
productivity, quality, and safety were observed and recorded. The following elements were key
demonstration design considerations:

e Equipment (time, cost: setup, operations, maintenance, idle time, safety)
o tools
o WWD MU
e Materials handling, segregation, and staging
o optimal sequencing
o pre-milling assessments
o post-milling assessments
o post-milling marketing
e Quality assurance monitoring
e Health and safety plan execution.
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3.6.7.1 General Site Requirements

As previously noted, the worksite was set up in close proximity to the barracks targeted for de-
construction; see Section 3.6.1 for more. Milling operations by the MU are essentially indoor
activities because the unit is a closed system operating under negative air pressure. Aside from
administrative work, the remainder of the project activities were performed outdoors. The site
was divided into staging and operational sections according to the established project require-
ments for observation, monitoring, record keeping, deconstruction, and wood recovery opera-
tions.

The required staging areas were established for deconstructed materials segregation into recover-
able wood, hazardous and nonhazardous C&D debris, pre-milling evaluation, post milling opera-
tions, recycling; and post recovery marketing of the wood materials. The buildings were be de-
constructed onsite.

3.6.7.2 Accuracy and Validation of Research Data

UFCCE and FPL were responsible for ensuring that an accurate and consistent record was kept,
and also for validating the test results. UFCCE monitored and verified productivity data, and
FPL was retained to monitor and verify the characteristics of the wood materials and the charac-
teristic and value of the marketed materials.

3.6.7.3 General Operations: Materials Recovery, Processing, and Adding Value

Building deconstruction proceeds in the reverse order of building construction. First the siding is
removed, followed by removal of the non-bearing walls and framing, then deconstruction of the
roof, structural framing, flooring, and finally removal of all foundation support such as cellars or
concrete piers. After the building has been removed, all holes are filled and the ground is cleaned
up, compacted, seeded for grass or otherwise prepared for subsequent use. During the process,
recovered materials are segregated as described previously.

The procedure for identifying the best and highest-value reuse of each wood material was based
mainly on expert and experienced judgment provided by the contractor, ERDC-CERL, UFCCE,
or FPL. To the greatest extent possible, the intent of the demonstration was to sell all materials
for reuse in their existing form or processed to increase their value. Materials not feasible to re-
use were routed either to recycling or disposal under approved methods.

The exterior siding of the buildings at the project site is the primary source of lead contamina-
tion, but LBP was also found on interior trim, wall cladding, and framing. As previously noted,
LBP-coated wood was sorted for the deleading task. Wood coated with asbestos-containing mas-
tic had to be re-sawn to remove the asbestos intact for disposal in a certified hazardous waste
landfill. All recovered wood was evaluated in a follow-up process to determine its suitability for
further processing onsite into value-added products.
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3.6.7.4 Demonstration Data Requirements

Demonstration data requirements were established in the performance plan. The following text
briefly states and describes each requirement.

Building Characterization. Characterize each building to be demolished. Include a takeoft of all
materials present in the standing buildings, and asbestos, ACM, LBP, and hazardous material
surveys.

Regulatory Requirements. Describe regulatory requirements applying to the building’s salvage
activities, and the materials recovery and reprocessing activities. Include occupational and envi-
ronmental regulations and provisions specifically applicable to the handling of LBP materials
and the control of LBP.

Documenting the Materials Recovery Process. Describe the materials recovery process. Include
the following:

(0]

Salvage Tasks, Sequences, Resources. Building salvage tasks and activities, sequence and
duration of each task, and the labor and equipment resources applied to each task. Include
the daily reports. Summarize the deconstruction timeline by the rate of work accom-
plished (productivity) at each task and per sf of building.

Reclamation Tasks, Sequences, Resources. Material reclamation tasks and activities, ma-
terials flow, sequences, and labor and equipment resources applied to each task activity.
Describe the items produced from the process. Summarize the materials processing time-
line by the rate of production of each type of material processed.

Recovered Materials. Describe the recovered materials. Include the following:

(0]

(0]

Reuse As-Is. Inventory of materials, by type and quantity, recovered from the buildings’
salvage for reuse as-is, for feedstock to reclamation processing, and for recycling. Iden-
tify the species and grades of wood materials. Include the condition of the recovered ma-
terials.

Reuse After Processing. Inventory of materials, by type and quantity, produced through
the reprocessing.

Value. Value of reusable, reprocessed, and recycled materials, by unit price and total;
value. Provide actual process of sold materials and estimated market process for unsold
materials.

Recovery Costs. Compile all materials recovery costs. Include the following:

(0]

Direct Labor. Direct labor and equipment costs and indirect (or job overhead), which may
include but are not limited to permit costs, supervision and management, operating ex-
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penses, expendable materials, and disposal costs. Alternatively, provide the data from
which these costs can be compiled.

o Deconstruction. Summary of deconstruction costs per task and per sf of building.

o Recovery and Processing. Summary of recovery and processing costs per unit of each
type of material produced.

Waste Disposal. Compile waste disposal data. Include the following:

o Waste Characterization. Provide waste characterization data required by the prevailing ju-
risdictions. These may include but are not limited to surface lead concentrations, total
lead, RCRA TCLP, and Cal-Wet test results.

o Hazardous Waste. Describe, by type and quantity, hazardous materials removed from the
buildings. Identify the facilities where these materials were disposed.

o C&D Debris. Describe, by type and quantity, building debris generated from the salvage
and material reclamation processes. Identify the facilities where these materials were dis-
posed.

Air Monitoring. Provide the area and personal air monitoring data developed for permitting the
building salvage and materials reclamation processes, as required by prevailing environmental
and occupational health and safety jurisdictions.

Test Samples. Make samples available for testing by ERDC-CERL. These may include soil from
the building sites, painted and unpainted materials salvaged from the buildings, reclaimed wood
materials, and residue and waste materials generated by the wood reclamation process.

Lessons Learned. Identify lessons learned during execution of the project. These may include
building salvage and materials reclamation processes and results; interdependence between sal-
vage and material reclamation methods, activities, sequences, and processes; market conditions;
economic results; schedule and productivity issues; quality issues; regulatory issues; and recom-
mendations for improving the wood material reclamation process.

3.6.8 Demobilization

At the conclusion of the demonstration work, the wood products and recyclable debris were
transported off site. The remaining inert deconstruction debris was also removed as described
above. The site was then graded flat and covered with hay to inhibit soil erosion. The equipment
was demobilized and inspected, and a Notice of Completion was executed with the Camp Rob-
erts point of contact. The cleanup and demobilization process took 3 days.

Clean wood scrap and non-wood materials reclaimed from the barracks were recycled as dis-
cussed in Section 4.3.1.
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Disaster Kleen, Inc., was the licensed and insured subcontractor retained to abate and dispose of
hazardous waste. The final repository of the hazardous waste was the Chemical Waste Manage-
ment facility at Kettleman City, CA. The residual nonhazardous waste from deconstruction and
source separation activities was the privately owned Chicago Grade landfill, Atascadero, CA,
which is licensed by CIWMB. The Kettleman City and Atascadero facilities are 65 and 30 mile
from Camp Roberts, respectively.

The demobilization was greatly simplified because the equipment being demonstrated is mobile.
The MU can be packed and ready to move in a morning. The reclaimed wood was moved offsite
for value-added processing or sale as blanks. The greatest demobilization effort was put into re-
covery of the grounds after deconstruction and milling were completed. Holes had to be back-
filled, and the soil had to be sifted to remove smaller debris fragments. Finally, the backfill had
to be compacted and seeded for grass, or otherwise prepared for subsequent use.

The construction materials recovered in the course of this demonstration became the property of
AGSC and WWD, and they retained discretion over the final sale or use of the materials.

3.6.9 Health and Safety Plan

AGSC, with assistance from WWD, was responsible for collecting all data pertaining to the use
of the MU and to preparation and marketing of the reclaimed wood. (See section 3.6.7.4 for a
description of the data collected.) Data were independently audited. The USDA Forest Products
Laboratory focused on the processing and marketing of the reclaimed wood. The primary con-
tractor developed both a quality control plan (Appendix C) and a health and safety plan (Appen-
dix D).

All safety requirements for general construction are also required for deconstruction, in particu-
lar:

e OSHA 29 CFR 1926 as pertains to construction safety, especially OSHA 29 CFR 1926.62
with regard to lead
e 29 CFR 1910, which pertains to general occupational health.

Detailed safety plans for general construction, as they pertained to the Camp Roberts deconstruc-
tion project, are described in Appendix D. A summary of the plan’s operational features follows.

3.6.9.1 General Safety Principles for Deconstruction
The following basic general deconstruction principles were observed:

e Use personal protection equipment (PPE).
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e “Last On Is First Off” (LOFO), meaning that disassembly should proceed in the reverse order
of assembly for safety purposes in order to avoid removal of load-bearing structural members
before the supported construction materials are removed.

Use the same tool used for construction to remove a given component;

Use minimal force; let tool do the work.

Always be aware of body control and position.

Maintain clear access to building elements and passageways in and out.

Use fall protection equipment and processes.

Delineate passageways for people and materials.

Use staging areas for materials collection and de-nailing/processing.

Do not overlap worker areas horizontally and vertically with overhead work.

3.6.9.2 LBP Hazmat

Wood boards and other architectural components with “sound, fully adhered LBP” are not haz-
ardous materials, but loose and flaking LBP and contaminated sawdust from the MU are hazard-
ous waste according to EPA and HUD definitions of LBP hazards for target housing. There is no
Federal standard or regulation that explicitly defines presence or absence of hazard on salvaged
building materials.

After the LBP has been planed away from salvaged wood, the shavings become a hazardous
waste. As such, the contractor was a hazardous waste generator and bound by the rules and regu-
lations for the accumulation, shipping and disposal of the waste. The contractor was also respon-
sible for protecting its employees and the surrounding neighborhood from the health hazards of
lead in accordance with Federal and state standards.

3.6.9.3 Worker Exposure to Hazmat

Due to the nature of LBP-contaminated debris, inhalation and absorption through the skin are the
primary vectors for exposure. Proper hygiene, institutional controls, and access restrictions were
employed to reduce human exposure to a minimum.

Safety procedures were also implemented in the design and operation of the mobile wood-
processing unit. The MU dust collection system uses a HEPA filtering system and contained
storage for the contaminated wood shavings. A HEPA filter is capable of filtering particles as
small as 0.3 microns. Previous tests of the MU in 2002 included collection of air quality data,
and all safety procedures were verified.

Onsite personnel were required to use personal safety equipment, including HEPA face masks
and Tyvek body suits to minimize exposure to LBP dust. Previous air tests around the working
MU determined that only personnel within a few feet of the operation require personal safety
equipment (Figure 3.3), but all personnel were required to use all safety gear until otherwise de-
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termined that lead concentrations at the deconstruction site or surrounding the MU were below
OSHA and Cal-OSHA allowable levels.

Figure 3.3. A worker equipped with HEPA mask and Tyvek protective clothing.
3.6.9.4 Physical Requirements for Workers

Workers were required to have the strength and coordination of a typical construction laborer.
The use of respirators was not required, but OSHA requirements for airborne lead monitoring
were applied.

3.6.9.5 Accident or Breakdown Record

Individual components of the MU are in daily use around the country in many different applica-
tions. The only incident of record occurred when the YieldPro discharge chute clogged, requiring
hand-clearing. Due to the nature of this work, the use of adequate personal protection equipment
such as gloves, safety glasses, and heavy clothes to protect the workers from splinters and chips
was enforced.

3.6.9.6 Technology Precautions

The equipment was thoroughly cleaned every day to capture any interior fugitive sawdust. The
accumulated sawdust was appropriately packaged and periodically transferred for disposal as
hazardous waste. The safety plan called for any spills or releases of dust during handling to be
HEPA-vacuumed back into the MU. Transfer and transportation of all LBP debris was done by
licensed personnel under strict regulation, manifesting, and chain of custody.
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In order to determine the presence of residual lead on the machined wood profiles, lead testing
was performed according to ASTM E1278-03, Standard Practice for Collection of Settled Dust
Samples Using Wipe Sampling Methods for Subsequent Lead Determination. The original siding,
the manufactured profiles, and the machinery were all monitored.

Relevant guidance observed included:
e Lead in Dust Wipes, http:/www.cdc.gov/niosh/nmam/pdfs/9105.pdf

e Definition of Wipe Sample, http:/www.epa.gov/lead/qal0.pdf
e Work Practice Standards, http://www.epa.gov/lead/qal2.pdf

In California, CalOSHA also has a PEL for indoor lead exposure set at 50 pg/m’, as averaged
over an 8-hour a work shift. They also have an “action level” designated at 30 pg/m’. Within the
immediate perimeter around the MU, EPA limits 3-month air exposure to 1.5 pg/m’. The demon-
stration was continuously monitored in order to avoid exceeding the CalOSHA 3-month limit.

During earlier testing of the MU system at the former Fort Ord in fall 2002 under similar operat-
ing conditions, lead concentrations inside and close to the MU milling area were discovered to be
greater than that allowed by OSHA or the EPA. Leaks in the vacuum filtering system were dis-
covered and repaired, and subsequent testing showed that lead concentrations were within allow-
able exposure limits. Even though the process was shown to operate within and under the allow-
able lead exposure thresholds, full safety gear was required until it could be concluded that lead
concentration levels in the air within the vicinity of the working are within prescribed limits.
Monitoring for airborne lead was conducted according to OSHA 29 CFR 1926.62.

3.6.9.7 Impact on Immediate Environment

As previously noted, the deconstruction and milling activity was similar to a construction site,
including noise, traffic, and soil disruption. The area was monitored for the need to water as a
dust-control measure. The final major impacts of this technology were the intentional removal of
blighted structures posing a lead-contamination hazard to the occupants of Camp Roberts, and a
one-time reduction in landfill use through the reclamation and recycling of construction materials

3.7 Selection of Analytical/Testing Methods

This project required both skilled and unskilled manual labor for the deconstruction and wood
processing tasks. It also required professional expertise for developing optimal market strategies
for the finished wood products. Given those requirements, the work was largely the same as what
would comprise small construction projects of similar magnitude. With the exception of the
health and safety monitoring for lead concentrations, all of the required observations were at a
macroscopic scale, performed by eye and documented hand using paper forms and a spreadsheet
application. Time measurements were made using a watch, and linear measurements were made
using a measuring tape. Apart from the health and safety documentation and analyses, the main
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analytical activity related to economic assessment of process investments and costs versus reve-
nues and non-monetary benefits. In short, the analytical methodology primarily amounted to
making visual observations, testing for hazardous project byproducts, and documenting project
economic parameters in terms of time, cost, productivity, and final product valuation.

Testing for lead in the air was monitored according to OSHA 29 CFR 1926.62. The amounts of
lead content in the captured waste were measured using the TCLP and the Cal WET test. More
discussion of analytical methods, including the differences between them and the reasons they
may return different results, is presented in Appendix B.

3.8 Selection of Analytical/Testing Laboratory
An independent laboratory, National Analytical Laboratories, Inc. (NAL), Fair Oaks, CA, was

contracted by AGSC to perform the personnel and air monitoring analyses. Other lead analyses
were coordinated through ERDC-CERL using Forensic Analytical Laboratories, Hayward, CA.
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4. Performance Assessment
4.1 Performance Criteria
ESTCP performance criteria addressed process effectiveness, efficiency, and safety. The first two

categories of criteria were measured in terms of time, cost, and quality (Table 4.1). Criteria for
those categories were defined and characterized in terms of the project objectives (Section 3.1).

Table 4.1. ESTCP performance criteria.

Performance Performance Performance

Category Criterion measure met

Quantitative Measures

Net cost Net cost of building removal is less than $12/sf No

Time: project schedule | Process: 6 working days per building No

Time: productivity Process at least 9,000 If of clean wood product per day Yes

Quality: waste 60% reduction in landfill burden Yes

reduction and landfill

diversion

Quality: marketability | Market 50% of recoverable wood material into higher value Yes

of salvaged materials products

Safety: accidents Zero reportable accidents No

Safety: Airborne lead Prevent airborne lead concentrations from app