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Abstract

We have conducted a survey of the major users of glass-paper HEPA filters in
the DOE complex to ascertain the life cycle costs of these filters. Purchase price
of the filters is only a minor portion of the costs; the major expenditures are
incurred during the removal and disposal of contaminated filters. Through
personal interviews, site visits and completion of questionnaires, we have
determined the costs associated with the use of HEPA filters in the DOE
complex.

The total approximate life-cycle cost for a standard (2'x2'x1') glass-paper HEPA
filter is $3,000 for one considered low-level waste (LLW), $11,780 for
transuranic (TRU) and $15,000 for high-level waste (HLW). The weighted-
average cost for a standard HEPA filter in the complex is $4,753.

Introduction

We have been working on a project to develop a cleanable, re-usable stainless
steel HEPA filter. The steel filter will be more reliable than the glass-paper filter
due to its higher strength. We also believe that the steel filter will be more cost-
effective over its life-cycle than the glass-paper filter, due to the re-usability of
the steel filter. In order to make this comparison, we needed to have information
about the life-cycle costs of the glass-paper filters. Thus, we initiated this survey
and cost analysis.._=li

Filter Usage

We gathered data on filters processed through the three DOE filter test and
certification stations (Hanford, Oak Ridge and Rocky Flats) for the period 1987-
90. We created a database from this information, which allowed us to identify
the number of filters tested in each fiscal year, major users, mix of filter sizes in
use, and mix of manufacturers. That data is shown in Appendix A (Figure 1 and
Tables 1-3).

1. Consultant- McLean, VA

*This work was performed under the auspices of the U.S. Department of Ener(:jy
by the Lawrence Livermore National Laboratory, contract No. W-7405-ENG.48.

1



Highlights of that data:

•Average annual filters tested/used - 11,478

•Largest user - Rocky Flats - 3,476 annually o; 30%

•Most common capacity/size - 1000 cfm, 24"x24"x12" - 64%

•Most common vendor - Flanders - 74%

_ost of Glass-PaDerFilter_

The typical stages or costs in the life cycle of a glass-paper HEPA filter are as
follows:

1. purch¢_e, receipt and certification
2. filter change-out
3. in-piace leak testing
4. pre-packaging assay
5. filter packaging/size reduction
6. post-packaging assay
7. shipping and handling
8. final disposal
9. administrative overhead

Generally, the costs related to HEPA filters are not tracked separately; they are
included in various departments or various waste disposal groups along with ali
other types of waste handled. To gather specific and detailed information on
these different stages, we sent questionnaires, made site visits and had
telephone conversations with various personnel at different user locations. We
were primarily interested in the top four (Rocky Flats, Savannah River, Oak
Ridge and Hanford), as they comprised 73% of ali filters used.

We were able to obtain data about the number of personnel or man-hours
involved in each stage fairly easily. Labor rates, overhead rates and other costs
were more difficult. Based on the cost data we were able to obtain, we have
used $60 per hour as an average, fully loaded labor rate, and applied that to the
time data for the vadous stages.

We will discuss each of these stages in the following sections. The various
costs and calculations are summarized in Appendix B, Tables 1-2, and the text
will be referencing those figures. In generating the figures for Table 2, we have
assumed that ali other locations not surveyed will have similar costs as those of
Hanford, which has multiple single filter sites. We have also assumed that the
LLW/TRU mix is approximately the same as the overall mix of the top 4 users, or
80%/20%.

1. Purchase, Receipt and Certification
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We have estimated that the cost of purchasing, receiving and certifying a HEPA
filter to be approximately $450 per filter. This includes:

-purchase cost from the vendor,
-purchasing overhead
-shipping charges (to a certification station and to the user location)
-transportation labor and overhead
-receiving labor and overhead
-storage costs
-quality assurance costs.

We received detailed information on this process from the Hanford Plant, and
during visits and conversations, found the handling at the other plants very
similar. We therefore used one cost as representative of ali locations. Any
variances from plant to plant would be minimal.

2. Filter Change-Out

The process of removing the old contaminated filter and installing a new filter is
the most labor-intensive stage of the life-cycle. We received estimates ranging
from 210 to 360 man-hours for changing large banks of filters (18-30 filters), and
from 16 to 40 man-hours to change small locations (1-2 filters). A brief
description of the various locations follows.

Rocky Flats typically utilizes 4 to 10 people (technicians inside and outside the
plenum, supervisors, health & safety technicians, waste coordinators) at various
stages of the process, and changes a bank of 30 filters in about 210 man-hours.
Approximately 50% of the time is related to setting up and taking down the

. various tools, instruments and safety equipment used in the operation; this set
up and take-down process is very similar whether 1 filter or 30 filters are being
changed. Also, they make no allowances for whether the filters are LLW or
TRU; their process is the same. 210 man-hours times $60 per hour divided by
30 filters equals a cost of $420 per filter to change.

Savannah River basically follows the same process; their time estimate was
approximately 360 man-hours, as they use 9 people for a week. However, as
they are typically changing a bank of only 18 filters, the set-up time is spread
over a smaller number of filters, and when combined with the higher number of
overall hours, the per unit cost to change the filters is much higher than Rocky
Flats. 360 man-hours times $60 per hour divided by 18 filters equals a cost of
$1200 per filter to change. They have both LLW and TRU filters, but the
change-out process is the same.

The large majority of the filter locations at Oak Ridge are 1-filter sites. They can
change a filter with 4 people in 4 hours; again, the bulk of the time is spent in set
up and take-down of the safety equipment. 16 man-hours times $60 per hour
equals $960 per filter. Oak Ridge has only LLW filters.
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Hanford is similar to Oak Ridge in that the majority of the sites contain only 1
filter. However, they estimate that they have more TRU (60%) sites than LLW
(40%), and they estimate that it takes them 25% less time to change LLW filters
than TRU filters. They take approximately 27 man-hours on TRU filters, and
approximately 20 hours on an LLW filter. 27 man-hours times $60 per hour
equals $1,620, and with some materials costs added (bag for used filters), the
total cost is $1,650 per filter. An LLW filter would cost $1,250 at 75% of the time
and with the same bag costs.

An important point to note here is that the set-up and take-down time makes up
a large part of the total process, and that it is more or less the same whether
there is one filter being changed or 30 filters. The marginal amount of time
needed to change additional filters once set-up is complete is very small.
Therefore, those locations with filter sites where multiple filters can be changed
for one set-up and take-down process will have lower per-filter costs, as this
"fixed" cost can be spread over more filters.

3. In Place Leak Testing

In-piace leak testing is similar to the change-out situation, in that there is
significant set-up and take-down time whether there is one filter to be tested or
many. Again, the more filters tested, the more the "fixed" set-up/take-down costs
are spread, and the lower cost per filter.

Rocky Flats uses 3-5 people for approximately 44 man-hours, and tests a bank
of 30 filters. This works out to a cost of approximately $90 per filter for testing.
They utilize the same procedure for LLW or TRU filters.

The data from Savannah River showed that they have a budget of
approximately $400K per year, and they annually use approximately 2,000
filters. This works out to a cost of $200 per filter. They have 3 people and one
truck assigned full-time to test filters throughout the plant, and utilize the same
procedure for LLW or TRU filters.

Oak Ridge utilizes 3 people for 2 hours to test a filter. 6 hours times $60 per
hourequals$360 per filter. They only have LLW filters.

Hanforduses 6 people for approximately 25 man-hoursto test TRU filters. This
worksout to a totalof $1,500, and is applicableto only 1 filter,which makes up
the majorityof their filtersites. Again, the costsare decreasedfor LLW filtersto
approximately$1,125 per filter.

4. Pre-Packaging Assay

Rocky Flats utilizes 8 people in their assay department, and processes
approximately30-40 filtersin an 8-hourshift. Thisworksout to a cost of $100-
130 per filter. We have used the moreconservativelowercost for purposesof
this analysis. Other plants seemed to use the same process, so we have
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utilized this cost as representative for ali locations. Any variances would have
little or no impact on the overall cost, as this is a small part of the total.

5. Filter Packaging/Size Reduction

Rocky Flats is the only location of the top four users that performs any size
reduction of the filters. They crush LLW filters only, and the size reduction
process allows them to reduce their overall cost. They utilize 17 people, and in
a typical 8 hour shift (115 total man-hours), can crush 24 filters for storage in
one box. The size reduction cost works out to approximately $300 per filter.

• The filters are put into a special box which costs $960, which gives the filter
packaging cost of $40 ($960 divided by 24 filters). TRU filters are simply put
into a special trupact box, with a minimal amount of labor. The box costs
approximately $1,140, and total labor time is one hour, giving a total packaging
cost for TRU filters of $1,200.

Savannah River puts 8 LLW filters into a B-25 box, which costs $400. This
makes the per filter packaging cost $50. They put TRU filters into the same box
as Rocky Flats; thus the $1,200 cost.

Oak Ridge puts 8 LLW filters into a metal box that costs approximately $800,
giving a cost of $100 per filter.

Hanford quoted a cost of $325 for the box to store LLW wastes, and $1,150 for
the box to store TRU waste. They also quoted an "average" of 5 man-hours per
box, or $300 at $60 per hour. This may be a combined average of labor on TRU
and LLW boxes, but we were unable to clarify. These figures provide the totals
of $625 for LLW and $1,450 for TRU filters.

6. Post-Packaging Assay

Rocky Flats used the same procedure to assay the packaged filters as they
used to assay the filters. They spent less time on the LLW filters after
packaging, and the same on TRU filters after packaging. Other plants followed
a similar process, and we have used the one set of costs as representative of
this stage.

7. Shipping and Handling

Ali locations estimated the time needed to prepare a packaged filter for
shipment at 2-4 man-hours, which includes palletizing, completing shipping
paperwork, loading onto appropriate transportation, etc. They also noted that
slightly more time was spent on TRU shipments than LLW. The $150 and $200
figures are averages of those estimates. Hanford has also included a one-time
temporary storage charge that they incur before shipment to a final disposal
site.

8. Final Disposal

,.
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Depending on whether the filter is classified as low level waste (LLW),
transuranic waste (TRU) or high level waste (HLW), the filter will eventually be
sent to the Nevada Test Site (NTS), the Waste Isolation Pilot Plant (WIPP) or the
Yucca Mountain burial site, respectively.

NTS charges $10 per cubic foot, and the measurement is based on the outside
dimensions of the item being stored.

WIPP has a cost per cubic foot of approximately $900. The operating budget for
WIPP for the planned 25-year life of the facility is $4.5 billion, and the capital
budget for the facility is $1 billion. The storage capacity will be 6.2 million cubic
feet. $5.5 billion divided by 6.2 million cubic feet is $887 per cubic feet; we
rounded to $900 for purposes of the disposal calculations.

Rocky Flats sends 24 crushed LLW filters in a 4'x4'x7' (112 cubic feet) to NTS.
At $1,120 per box, divided by 24 filters, the final disposal cost is approximately
$50 per filter. They send 13 TRU filters in the same box to WIPP. 112 cu. ft.
times $900 per cubic ft, divided by 13 filters, equals a per filter cost of $7,750.

Savannah River stores their LLW filters on site; they estimate the burial cost to
be $25 per cubic foot. The B-25 boxes are approximately 45 cubic feet, and
hold 8 filters. This works out to a cost of approximately $140 per filter. TRU
filters are in trupact boxes, and are being held for eventual shipment to WIPP.
Cost of storage at WIPP will be approximately $6,200 per box, as each box is
6.88 cubic feet, at $900 per cubic foot.

Oak Ridge sends their LLW filters to be destroyed by a private vendor. They are
charged $2 per pound, and estimate that the used filters weigh 50 Ibs. on the
average. They also use approximately 2 hours tracking time. $100 for the filter
and $100 for labor gives the $200 disposal cost.

Hanford has an on-site burial ground for LLW filters; they estimate the cost per
cubic foot of the burial ground to be approximately $30. The filters in boxes are
about 5 cubic ft., giving a total cost for LLW of $150. TRU filters are sent to
WIPP, and will have the same cost as Savannah River of $6,200.

9. Administrative Overhead

In ali discussions with various personnel at the different plants, they noted that
there were always "administrative paperwork costs" or "tracking costs" related to
handling of the filters. There were also supplies consumed, equipment costs,
time in handling of filters between stages, etc. that related to filters, but also to
ali other waste items processed through the plants. They could not quantify in
hourly terms or dollars a direct amount, but estimates ranged from 5% to 20%.
We have added this category, and used a slightly higher amount for TRU filters
than LLW filters.

Hiah Level Waste
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There seemed to be very few instances of filters that qualified as high-level
waste. Hanford noted some, but had no estimates of time or costs, as those
filters received very special treatment and were infrequently handled. An
educated guess by them put the cost at approximately $15,000-20,000. We
have used the low end of the estimate to be conservative. We also estimate that
there are less than 1% of the filters in use that are HLW; we therefore used 100
annually in our calculation of the average cost of a filter in the complex. The
total cost average would only be affected by only 3% even if we were 100%
wrong in our estimate on these filters, so these figures should be adequate for
this analysis.
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