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Introduction 
Pollution prevention (P2) has received increased interest in recent years throughout the 
Department of Energy (DOE) complex as the true costs, risks, and liabilities of waste 
management become more apparent. Costs associated with pollution control and environmental 
compliance continue to rise as environmental regulations become more stringent, requiring DOE 
to develop or buy technologies to meet ever-stricter emissions and disposal standards. In light of 
this increased regulatory burden and subsequent increases in costs for DOE to remain in 
compliance, P2 has the potential to be not only an environmentally friendly policy, but also a 
prudent business practice (1). 

In particular, P2 is a much needed strategy in radioactive waste management. Wastes coming 
from DOE complexes are often mixtures of hazardous and radioactive wastes. Costs associated 
with the safe handling, separation, treatment, and disposal of mixed waste are extremely high. 
Reduction of waste through pollution prevention, therefore, has the potential to minimize project 
costs significantly 

Pollution prevention has been traditionally applied to operating environments and existing 
facilities However, with the evolution of the P2 process has come the realization that P2 needs 
to be moved upstream into the design phase of projects, facilities, and products to maximize its 
potential impact to reduce waste generation and save money. Design is the phase in a project 
where the processes that generate waste and result in emissions to the environment are first 
defined, and where the materials that create waste are first specified. Up to 70% of a product’s or 
facility’s life cycle costs are fixed during the design phases (2). Therefore, it is theorized that 
design should be the most effective time to incorporate P2 strategies. 

However, the process of institutionalizing P2 as a routine part of design has been difficult. In 
spite of the perceived benefits, project managers remain skeptical and continue to view P2 as an 
added and often unplanned cost to a project (1). The DOE has funded several case studies in 
recent years to provide the basis for showing that P2 is an efficient design process (3). This paper 
documents the results of one of these case studies, and provides a discussion of lessons-learned 
for consideration by hture  P2 design efforts 

1 



Project Description 
The case study project was a tank farm project at the Hanford Site managed by Fluor Daniel 
Northwest, Inc. (FDNW) Project W-211, Initial Tank Retrieval Systems (ITRS), will provide 
systems needed to retrieve radioactive waste currently stored in 10 underground double-shell 
storage tanks (4) Retrieval systems provided by project W-211 include mixer pumps, transfer 
pumps, diluent systems, instrumentatiodcontrols, and support utilities The FDNW project team 
performed a pollution prevention design assessment of project W-211 during the later stages (i.e., 
at about the 70% stage) of the tank retrieval system design for the first of the 10 tanks included in 
the project scope. The assessment identified potential cost savings to the project ranging from 
$430,000 to $1,000,000, and waste reduction potential of nearly 66 cubic meters of low-level 
radioactive and mixed waste (5). 

Assessment Process 
Project W-211 was selected in mid 1996 to participate in the Pollution Prevention by Design 
project hnded by the DOE EM-334 Waste Minimization Division. At first, project management 
and the customer were very reluctant to participate because of funding concerns. However, due 
to the success of a similar waste minimization study performed the year before, and the 
identification of separate money apart from the project to fund a portion of the assessment effort, 
the project eventually agreed to have a pollution prevention assessment performed on the project. 

Training was provided to key design team members using EM-334 funding. The next step was to 
perform a detailed characterization of all waste streams expected during construction and 
operation of the tank waste retrieval process. The design team then used the P2-EDGE software 
program provided by the Pollution Prevention by Design project to help identify P2 opportunities 
Based on this effort and follow-up brainstorming sessions, the assessment team initially identified 
16 P2 opportunities to consider for hrther analysis These 16 opportunities were then hrther 
screened and prioritized; eight of these opportunities were selected for more detailed analysis. 
The eight opportunities were evaluated for ease of implementation, technical feasibility, and cost- 
effectiveness. Both direct and indirect costsisavings were evaluated. Indirect costs included costs 
tied to regulatory compliance, such as training, recordkeeping, disposal management, and worker 
protection Of these eight opportunities, four were eventually recommended for implementation. 
The process and results were then documented in a detailed report (5). 

Results 
Table 1 summarizes the potential cost savings and waste reductions identified through the P2 
design assessment process for the four opportunities recommended for implementation A brief 
synopsis of each P2 opportunity follows 
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Opportunity Cost Savings* Waste Reduction 

Controlled Density Fill vs. Native Backfill 

Above-Ground Electrical Raceway $346.000 - $456,000 9.2 m’ 

Soil Amendment for Dust Control 

Reuse of Wood Shoring 

$67,000 - $600,000 

$15,000 - $20,000 
$2,500 - $18.000 

I Total I S430.500 - S1.094.000 I 65.7 m’ 
* All waste coming out of a tank farm area has to potential to be designated as mixed waste, due to the potential for 
listed hazardous waste constituents being in the soil surrounding the underground tanks The cost savings are shown as 
a range to reflect the difference in costs if the waste is designated as low-level radioactive waste vs. mixed waste. The 
lower end of the range reflects the costs savlngs to be reallzed if all waste IS designated as low-level radioactive waste; 
the higher end of the range is the savings to be realized if all waste is designated as mixed waste. Actual designation will 
probably end up being a mimire of the two waste types, therefore, expected savings should be somewhere in the middle 
ofthe range shown 

Controlled-Densiq Fill vs. Native Backfill 
Project specifications had initially called for the use of controlled-density fill (CDF) in place of 
native soil to backfill trench areas to be excavated for the installation of new piping and utilities to  
the underground tanks. CDF is becoming a preferred construction practice, because it is much 
quicker than backfilling with native soil. CDF is a flowable backfill material that meets required 
density requirements for backfill after it cures It is, therefore, much less labor intensive than 
backfilling with native soil because it avoids having to compact the backfill and perform periodic 
density tests to verify density requirements 

However, the P2 design assessment showed that use of CDF would cost the project as much as 
$600,000 more than using native backfill, depending on the designation of the waste soil. This is 
because much of the excavation would occur in potentially radioactively contaminated soil. Use of 
CDF would, therefore, create large volumes of waste soil that would potentially have to be 
disposed of as mixed waste. In all, the assessment showed that using native backfill will avoid the 
generation of 47 cubic meters of low-level radioactive and/or mixed waste, because the soil can be 
put back in the ground where it came from rather than being hauled off for disposal. As a result 
of the P2 design assessment, the project specifications were rewritten to call for the use of native 
soil backfill. 

Above-Ground Electrical Racewavs 
Electrical cable will be installed to support electrical equipment installed by the project. Such 
cable is traditionally buried in underground trenches inside the tank farm boundary Trenching in 
tank farm areas must be dug by hand to avoid potential underground interferences, such as piping. 
Trenching by hand is labor intensive, and in a tank area, increases the risk of worker exposure. 
Excavation in radioactive areas also creates potential air pollution problems, and is an activity 
requiring a National Emission Standards for Hazardous Air Pollutants (NESHAP) permit. In 
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addition, the polyvinyl chloride (PVC) cement and wire pulling compounds used in electrical cable 
installations result in hazardous waste generation. In a radiation zone, this waste becomes mixed 
waste, which adds significant cost to the project. The electrical conduit itself cannot be easily 
surveyed and ends up being disposed of as low-level waste. 

Apart from the P2 design assessment process, an engineer working on the project had previously 
identified an alternative approach to  burying electrical cable. The alternative approach involved 
the use of above-ground electrical raceway and armored cable. These raceways are safe and 
designed with a cover to allow wiring to be easily placed and removed, as needed. In addition, 
they are durable and designed to handle the load of vehicles and other equipment. The raceways 
can also be easily surveyed for radiation release and decontamination once the project is complete, 
thus allowing them to  be reused by other projects. The raceways were being considered from a 
pure efficiency standpoint, because they avoided the need to dig and backfill trenches for 
underground cable. 

The P2 design assessment reevaluated the costibenefit analysis initially performed on the above- 
ground raceway alternative. In addition to the efficiency benefits already being considered by the 
project, avoiding the need to excavate by hand in a radiation area also offered significant waste 
reduction savings. Basically, anything coming in contact with the contaminated soil during the 
duration of the trenching activities would potentially become mixed waste. A new costibenefit 
analysis was performed which included costsisavings associated with waste management, 
disposal, and regulatory compliance An additional $164,000 in potential new savings were 
identified (depending on the designation of the waste) In all, use of the above-ground electrical 
raceways was estimated to save the project as much as $456,000 while minimizing the generation 
of 9.2 cubic meters of low-level radioactive andlor mixed waste 

Use of Soil Amendment for Dust Control 
Excavation for pipes and utilities in radiological areas requires control of dust from soil piles to 
control releases of radiological contamination to workers and to the environment. Plastic sheets 
and water are typically used to control dust generated by wind and sun. This system requires 
daily maintenance. Once the backfill work is completed, the plastic sheeting must be disposed of 
as low-level waste. 

This P2 design assessment identified several non-toxic chemicals that could be used by the project 
in place of plastic sheeting to control dust. One particular product was a polymer emulsion which 
can be mixed with water and sprayed directly onto soil piles to bind the soil particles and reduce 
the effects of wind or water erosion. Use of such a product would reduce maintenance costs of 
the soil piles, while reducing the generation of low-level radioactive or mixed waste. Since the 
product is non-toxic, soil treated with the product can be backfilled into the original trenches. In 
all, the assessment showed this opportunity to reduce half a cubic meter of low-level radioactive 
and/or mixed waste, while offering the project a one-time savings of as much as $20,000 
(depending on the designation of the waste) 
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Wood Shorinv for Excavation 
Wood is typically used to shore trenches dug in radiation areas. Upon project completion, this 
wood must be disposed of as low-level radioactive waste With proper care, wood shoring can be 
reused for up to 20 years. The P2 design assessment identified a stockpile of wood shoring used 
by a previous tank farm project that was available for reuse. By avoiding the purchase of new 
shoring and the disposal costs for the other projects, this opportunity was estimated to  avoid the 
generation of 9 cubic meters of low-level radioactive and/or mixed waste, while saving the project 
as much as $18,000 (depending on the designation of the waste). The assessment also assumed 
that the project would be able to avoid disposal of the wood and stockpile it for use by future 
projects. 

Discussion 
The initial response to the assessment by both project management and the customer was very 
positive, The effort resulted in a P2 design assessment being written into the scope of work for 
the next phase of the design. However, due to subsequent budget constraints placed on the 
project, the P2 design assessment was later removed from the scope of the project (along with 
other efforts perceived to be peripheral to the main scope of the project). 

It is too early measure the real benefits of the P2 design assessments. Construction was recently 
delayed until 2005, so it will be some time before the savings estimated in the assessment can be 
verified. Also, it is difficult to distinguish between savings identified purely as a result of the P2 
design assessment, and savings the project would have come up with on its own. For example, 
the project was already heading in the direction of using the above-ground electrical raceways 
before the assessment began. The assessment provided further justification to go this route with 
the identification of environmental-related cost savings, but the above-ground electrical raceway 
opportunity would have probably been implemented without the assessment. Savings associated 
with this alternative solely attributable to the P2 design assessment cannot be estimated 

According to the project manager, the most significant accomplishment of the P2 design 
assessment was showing the use of CDF to be cost-prohibitive This effort alone will provide 
huge savings to the project and will pay back the initial investment made in performing the 
assessment many times over. It is reasonable to assume that the project would have continued 
with the specification of CDF had the P2 design assessment not uncovered the added 
environmental costs not being considered. It is somewhat ironic that use of CDF is generally 
considered to be a P2 practice, because it contains a recycled material; Le., fly ash 

The savings uncovered by the other two opportunities evaluated by this assessment were 
relatively minor, and probably just recovered the cost of performing the assessment. However, 
according to the project manager, some of the intangible benefits of performing the assessment 
were of equal value. The waste characterization exercise provided valuable information to 
project team members as to the types and amounts of waste to be generated by the project. 
Waste generation is generally not a major consideration during design. The effort raised the level 
of awareness of project team members as to the effects a design can have on waste generation and 
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made them more sensitive to P2 issues. The effects of this-awareness cannot be measured, but 
should be reflected in future design efforts. Performing the assessment also turned out to be of 
tremendous value to the customer, as it helped the customer meet commitments to DOE outside 
oversight organizations. 

The assessment also showed that project team members were already practicing P2 to a great 
extent, but just not calling it P2. The project had already implemented over 60% of the 
opportunities addressed through the P2EDGE program that applied directly to project W-2 1 1 
work. Although none of the opportunities evaluated by the assessment were the result of the 
P2EDGE evaluation, the program did identlfy over 30 additional opportunities for waste 
minimization that the project will consider during construction. 

In retrospect, the assessment was performed too late in the design process. At the 70% design 
phase, a project is too far along for an assessment of this type to significantly impact the design. 
Most of the opportunities evaluated affected construction practices, rather than design changes. 
For greatest effect, a design assessment should be performed at about the 30% design phase. 
The project must be far enough along for the scope of work to be adequately defined, but not so 
far along that design changes cannot be made without major project disruptions. 

Conclusions 
The P2 design assessment performed on project W-211 proved to be a valuable effort. Significant 
potential savings and waste reductions were identified, although it will be several years before the 
validity of the assessment can be verified. Even apart from the identified savings, the P2 design 
assessment provided several intangible benefits to the project, including increased P2 awareness 
and meeting DOE commitments to outside oversight organizations. The P2 design assessment 
probably could have had an even greater impact on the project if performed earlier in the design 
process The assessment recommendations were limited to construction practices, because the 
assessment was performed too late in the design process to affect the design 
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