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‘A From: J. T. Grumski { WMCO:WR:87-248 .

Date: ' August 25, 1987
Subfect: FINAL DESIGN REPORT FOR K-65 SILO RADON MITIGATION AND DOME

- To

REINFORCEMENT PROJECT

D. A. Fleming R. W. Lippencott
C. E. Gamm T. A. Poff

R. L. Gardner R. M. Rogers

S. L. Hinnefeld J. L. Trujillo

The: purpose of this memo is to request a review of ‘the attached documents

refating to the K-65 Silo Radon Mitigation and Dome Reinforcement Project.

Although all of the .documents may not be necessary for yaur review, I have

included them for comp]eteness

Because of the high site pr1or1ty on K 65 Si]o remed1at1on, p]ease comp]ete

 your review by September 9, 1987 and call me so that I may pick up the
* comments in person and -avoid any delay

" Thank you for your cooperation.

cc:

w/o Attachment

G. E. Bennett
L. C. Bogar
W. H. Britton
R. C. Kispert
K. A. Solomon
W. A

. Weinreich
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INTERNATIONAL Regional Oti?ce
TECHNOLOGY 312 Directors Drive
CORPORATION Knoxville, Tennessee 37923

ENGINEERING STUDY OF THE K-65 STORAGE SILO RADON MITIGATION AND
DOME REINFORCEMENT PROJECT AT THE FEED MATERIALS PRODUCTION CENTER.

Submitted By: +
IT Corporation - Nuclear Services
312 Directors Drive
Knoxville, Tennessee 37923
for
Advanced Sciences, Incorporated
107-F Jefferson Avenue
Oak Ridge, Tennessee 37830

August 20, 1987
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~ From: R. A. Vogel éﬁt/ WMCO:SR(WR) :88-163

Date: May 2, 1988
Subject:  INDUSTRY REVIEW OF K-65 FOAMING PROJECT

To

R. C. Kispert

An investigation of foam characteristics was undertaken as the result of
questions which were raised by a potential foam applicator. These questions
were in regard to the exothermic potential of flexible foam. As WREE did not
have this information, these questions were asked of the authors of the Final
Design Report of the K-65 Radon Mitigation and Dome Reinforcement Project.
After several weeks without a specific answer regarding the exothermic
potential, it was decided to contact industry representatives for this
information.

Industry contacts were made through the Society of Plastics Industry and the
Polyurethane Foam Association. As a result, telephone conversations were held
regarding the basic concepts of the foaming project. The objective was to
obtain a timely response regarding the initial question of exotherm.

These discussions covered the area of exothermic potential of both flexible
and rigid foams, with the consensus of opinion that in our application rigid
foam may be more of an exothermic problem than flexible. The unexpected
conclusion of all of the industry representatives, however, was the general
agreement that beyond inherent exothermic potential of urethane foam, a much
more immediate Timitation was control of application of the foam. The
potential problem of excessive expansion was also raised. As a result of
these initial responses, it was decided to send copies of the Technical
Summary of the K-65 Interim Stabilization Project for review and comment.

The individuals who were involved in commenting on the K-65 foaming design
were representatives of two trade associations, two large manufacturers
(consisting of department managers and their technical staffs), a consultant

- from the academic sector, and an applicator familiar with the silos (from

having applied the external foam to the silos). There were also comments made
by a systems house representative (a.systems house is the industry 1ink
between the manufacturer and the applicator). ,
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After a period of review, comments were received from these industry
representatives. There was again a consensus of opinion from the individuals
involved regarding application as the most 1imiting aspect of the proposed
foaming project. This was due to the fact that method and rate of application
controls most of the potential variables of the foaming process. It
immediately effects the quality of the foam unit controlling volume,
potentially causing voids and bridging over {if applied too rapidly or
inconsistently. It is directly related to the exothermic potential of the
foam, too fast an application rate will result in more heat being generated
than can be dissipated. (This is especially relevant to the enclosed silo
environment.) The method and rate of application also defines the volume of
expansion before curing. (Volume changes after curing are a different
phenomenon.) As a result, in order to control the exothermic potential and
the potential for excessive expansion, application must be a precisely
controlled process. :

Most comments resulted from the unique restrictions to application within the
silos. Many of these were based on the inability to enter the silo itself.
As most applications involve an applicator in close proximity to the area to
be foamed, the reliance upon a video system for visual contact presents unique
problems. A comment from an applicator focused on one of these. He stated
that heat rising from the foam as it was being applied would resemble heat
rising from a roadway on a hot day. His concern was that to rely on the video
system for  the visual cues necessary to control application would be
questionable when considering these heat waves.

A comment from a large manufacturer of foam materials provided a different
perspective. He felt that due to the confined nature of the application
within the silos, water vapor and fluorocarbons would form what he described
as a dense fogq. Another comment from the systems house representative
" expanded on the concept. He felt that the water vapor would quickly become
steam due to the heat generated by the process. He also was concerned that
even without these obstructions to clear vision, it would be difficult using
the video camera to perceive the subtle color shifts which indicate changes in
the curing process.

Most comments regarding application focused on the difficulty of applying a
continuous layer of foam over so large of an area considering the limited
access to the silos (manways). There is the problem of reaching those areas
outside of the foam circle of application which can be transcribed from the
four manways. This point was made by an applicator who suggested that a
telescoping extension to the applicator wand might be a solution to this
difficulty. As the length and weight of the applicator wand at present are
such. that it is difficult to handle, especially through the confines of the
manways, there remains a question about the degree of precision of application
possible with such a system.

(0L0L618) E3Y
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The degree of precision of application which is necessary to control
exothermic potential and expansion is definable. The temperature limit which
has been recommended to be maintained is 250°F. at maximum, preferably 225°F.
This is desirable since the autoignition point of rigid foam varies from 350°
to 450%F., depending upon formulation, when the foam is exposed to sustained
heat. The ignition point for foam not exposed to sustained heat is normally
higher, but since the foam generates and retains heat so well, it must be
understood to be at sustained elevated temperatures soon after application has
begun. As ignition and subsequent burning of the foam is not acceptable,
especially in our application, some guidelines have been suggested to avoid
excessive temperature accumulation.

These ‘guidelines are in terms of thicknesses of application which may be
applied in order to prevent excessive temperature accumulation. Although
estimation of safe thicknesses varied, most comments focused on 5-6 inches of
expanded foam as a limit of application safety. This amount is the estimated
thickness for the particular constraints of the K-65 application. These
constraints on heat dissipation are the enclosed nature of the silo (limited
heat loss to the air) and the sheer mass of the foam involved. Since these
factors are not normally encountered in foam applications, the suggested
thicknesses are estimates based on the reviewers understanding of the silo
environment. It may be important to note that one reviewer stated that he
would not be able to calculate heat loss for our application. As he
represented a large manufacturer of foam components in the capacity of
ensuring that these components met the needs of customers, such a calculation
would normally be predictable. Due to the uncertainties and the size of our
application, he would not attempt a calculation. This is seemingly the basis
for variation among reviewers in estimated thicknesses of application. This
same individual gave the most conservative estimate, he recommended beginning
application of 2 inches with temperature monitoring. If no excessive
temperature accumulation was noted, he then suggested going to 4-5 inches of

-~ application.

In order to achieve these suggested thicknesses, the degree of control of
application of foam components is crucial. Using an expansion ratio of 1:30,
it would be necessary to restrict application thickness to .2 inches in order
to produce an expanded layer of 6 inches. If the 2 inch expanded layer is
used, it will be necessary to maintain no more than .067 inches of component
application thickness. The significance of these numbers is that considering
the visual limitations mentioned above as well as the cumbersome nature of the
application device, it would be difficult to achieve this degree of
application control.

There were suggested solutions to the problem stated above. An automated
spray unit has been suggested to maintain a controlled rate of application.
It would require a relatively flat residue surface (unknown at present), a
method of support other than the dome of the silo, and the design and testing
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necessary to apply automated spray technology to our silo situation. An air
handling system was suggested to overcome the visual difficulties mentioned
above. This system would have an added benefit of cooling the foam surface,
thus reducing the exotherm problem. There is, however, the problem of design
and construction cost of such a system for this limited application,
especially when radon daughters on the underside of the dome and sidewall are
considered. There is also the 1imited benefit of this system until a layer of
foam covers the residue surface.

A system of temperature monitoring during application was uniformly suggested.
This has no obvious negatives other than cost and effort of installation, a
potential problem associated with temperature monitoring is the possibility of
obstruction to movement of the application tool. As it is the primary method
of determining application rate, however, it should be considered essential if
foaming is chosen as an alternative. The other frequently mentioned
suggestion was the use of a mock-up test to determine if the limitations
mentioned by industry representatives can be overcome.

The mock-up test should be as close to scale as possible (a quarter of the
silo has to be suggested) due to problems which are essentially the result of
the mass of material involved. It is important that the key limitations of
access through a manway and visual guidance dependent upon a video system are
also tested. The conclusion of several industry representatives was that only
through such a test would it be possible to understand the particular
restrictions of the silo application to the point of predictability.

Industry comments were consistent in questioning the design as proposed in the
Technical Summary. They in general rejected a role for flexible foam in
achieving filling of the silo space without excessive pressure. Most
suggested a redesign, focusing on a layer of rigid foam of perhaps 3 feet in
thickness. All reviewers suggested not proceeding until specifications could
be developed from which a potential bidder could judge the requirements of
this application. The frequently recommended mock-up test would provide the
basis for these specifications. '

RAV/ksv

cc: S. W. Heisler
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1.0 EXECUTIVE SUMMARY

IT Corporation, as a subcontractor to ASI, has prepared a functional design
package for the -aduction of radon from the air space of two silos in the K-65
area of the Feec “aterial Production Center located in Fernald, Ohio. IT has
also developed an application approach and functional specification for filling
the air spaces in the silos with polyurethane foam. Filling with foam reduces
the probability of radon release to the atmosphere and provides structural
support to the roof.

The report presents the product of work performed on the radon reduction system
and the foam applications. The radon reduction system material is presented in
Section 3.0, while the foam application material is presented in Section 4.0.
Both of these applications represent best available technology.

Radon ‘uction is to be accomplished in a system designed to remove 1000 cfm of
r from oz silo and pass it through a calcium sulfate dehumidifier and activated
czrcon. The radon is retained on the carbon and the air with a reduced radon
conce' -itioi. turned to the silo. Specially fabricated manw=v adapters w:il
be use¢ o prcsice connections for the ventilation system. Up to ten air space
volumes 11 be passed through the carbon adsorption system to reduce radon to a
target of 1 Ci in the silo. Any concentration below 4 Ci is acceptable. Sec-
tion 3.0 of this report presents a description of this system and a narrative on
its operation. Speci ‘catic : for equipment to be purchased, and installation,
testing and operating procedures are included. Drawings developed to support

‘the design and utilities lists are also included. Because meeting the desired

operational schedule requires the purchase of off-the-shelf items, a vendor list
has been provided for system components.

Foam application is to be accomplished using a system supplied by an applica-
tions service vendor. Section 4.0 of this report presents a description of the
vendor's system and a narrative on it: c¢peration. Functional specifications for
equipment to be supplied by the vendor and operating and application procedures
are included. Because of schedule constraints, a suggested vendor has been
indicated even though a vendor list has been provided.

ouuU11
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In addition to these design packages, supporting documentation has also been
provided. Section 5.0 provides a toxic chemical review. This review indicates
potential chemical hazards and a means of mitigating the consequences of person-
nel exposure. Material Safety Data Sheets (MSDSs) are also included.

Potential radiological hazards and their control in the-project are discussed in
the ALARA review presented in Section 6.0 of this report. The ALARA review has
evaluated the work scope to be performed and recommended methods of reducing
exposure of workers. The anticipated man-rem exposure for work to be performed
on the project is 15.26.

Because the silos will require openings to be exposed to the atmosphere follow-
ing radon reduction, an assessment of the impact of the foaming application on
air quality has been made. This air quality assessment has been made a part of
this report, and is included as Section 7.0.

Prior to proceeding with the installation of equipment and finalizing operation-
al procedures to acéomp]ish,the work proposed, a permit must be obtained from
the Ohio EPA. A Permit To Install (PTI) document has been prepared for sub-
mittal, which is made a part of this report as Section 8.0.

An appendix is included as a part of this report. It contains copies of refer-
ence material obtained to support the design basis for the radon reduction SyS-
tem and the foam application.

[t is the intention of this report to provide complete response to all aspects
of the scope of work outlined for this project. The functional aspects of sys-
tems required to perform the work are presented in adequate detail to allow the
radon reduction and foam application to be performed in accordance.with the
October 1987 schedule. '

D85X RPT-1
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2.0 INTRODUCTION

This report presents the results of an engineering and design effort performed
to achieve sealing of the air space and support of the domes of the two K-65

storage silos. Racon reduction is to be carried out prior to opening the silos

for introduction of polyurethane foam material. The foam:

placement will seal

the surface of the radium-bearing sludge irn the silos, which through radioactive

decay is contributing the radon to the ai- space. The foam will also provide

structural support for the concrete roof domes of the silos.

Engineering analy-

sis has indicated that little structural integrity remains in center portions of

these roofs. The foam will help support them until the s’

.0S and contents are

removed for final disposal in 3 to 5 years. This application is considere bes.

available technology supporting the project scope of work.

The engineering and design eifort is in.ended to support a

project performance

date of October 1987. In orci: to meet supplier deiivery .:nedules, it has been

necessary to identify standard components which are stock or shelf items which

can be assembled into functional units. The design provides functional details

of these items for field assembly to accomplish the radon

2duction. Following

this, a vendor will apply the foam in the silos as a service.

D85X RPT.2
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SYSTEM DESCRIPTION

IADON REMOVAL SYSTEM
1.0 OBJECTIVE
The objective of this document is to describe a system to be installed to
remove radon gas from the vabor space of two solid waste silos located at the
Feed Materials Production Center in Fernald, Ohio. A description of the
function, sizing, and operation of this system is provided. The radon
reduction system supports a larger program to be carried out on the silo vapor
space. Once radon concentrations have been reduced, silo openings will be
employed to completely fill the present vapor space with a polvurethane foam
material which will seal the silo, preventir k6 leakage or release of radon gas

to the environment.

2.0 SCOPE
The radon system to be supplied is complete and cauvacle of stand-alone

operzatisn with nothing more than electrical supply in support of operations. ‘

The system is a temporary unit designed for an operating life of 5 years. To
“he extent possible, the components selected for use on the system are

cif-the-shelf manufacturers standard.

"3.0 DEFINITIONS

3.1 DEHUMIDIFICATION

Process for the removal of moisture from air. In the present application, it

is assumed that the air in equilibrium with sludge in closed silos is
saturated with moisture at the prevailing gas temperature (100 percent
relative humidity). A device containing the dehumidification agent calcium
sulfate, is placed in the line to react with moisture and reduce the

concentration present in the air.

3.2 CARBON ADSORPTION

The process of assimilating a substance such as radon present in a gas stream

on a solid carbon matrix thereby effectively concertrating the radon in the
solid phase and removing it from the recirculated zzs. .

©O001s
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4.0 DESCRIPTION

The radon removal system is designed with the following components:

4.1 SUCTION CONNECTION

Each silo containing radon gas to be processed can be thought of as a closed

container with radon in the gas space in equilibrium with radium in the
sludge. The gas must be removed from the silo through available

connections. The silos have five manways suitable for this purpose. Each
manway is 20 inches in diameter and is presently closed with a flanged and
bolted cover. It is proposed to modify the manway covers at the-top of the
silos with new covers, each containing a 6-inch duct type connection. The
details of this fixture are shown in sketch "A" on Drawing 303317.4.001.
Suction will be taken from twonof these 6-inch connections. The two
connections will attach to a 12-inch suction header which directs flow to the

radon removal system.

4.2 SYSTEM CONNECTIONS

The suction line for transport of gas from the silo suction connections will

be 12-inch diameter and will be routed as shown on Drawing 303317.G.01.

4.3 RADON REMOVAL SYSTEM

4.3.1 Dehumidification

Moisture removal is accomplished by passing the gas removed from a silo
through vessels loaded with calcium sulfate which reacts with moisture in the
air, thereby accomplishing the required moisture removal. For the system
supplied, the calcium sulfate is loaded in two canisters. The éanisters are
48 inches in diameter by approximately 72 inches high. Flow enters the bottom
of the bed through a flow distributor and exits from the top of the

canister. Each canister is capable of processing up to 500 cfm of air. The

system is therefore designed to treat up to 1000 cfm.

4.3.2 Carbon Adsorption

Radon is collected on activated carbon. The carbon is loaded in canisters
similar to those used in dehumidification. Because the U48-inch by 72-inch

canisters are rated at 500 cfm, processing would normally be at 500 cfm

VoULAT
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through one canister. The desired process rate of 1000 cfm is achieved by

operation of two canisters in parallel. Processing would be carried out until
irlet and cut.et radon concentrations indiea - :arbon capacity is being
approached. Calculations indicate flow wil.  : diverted through additional
canisters in sequence during the air recircu:ation operation to achieve
required reduction of radon from 37.4 Ci to about 1 Ci in the recirculated
gas. Four -rains of carbon beds are provided to achieve required adsorption

capacity.

.4 FAN

A fan is installed in the system to take suction from the silo(s) and to draw
gas through the dehumidifiers and carbon beds. The fan is located downstream
of the process to reduce the possibility of excessive untreated gas escaping
into the enviromment. After passing air through the adsobption process the
fan returns the air to the silo(s). The return line is 12 inches in diameter
from the fan discharge to the silo dome. At the silo dome, the 12 inch line

splits int . connections which are 6 inches in diameter. The 6 inch lines .

are attached to special manway adapters which deliver treated air flow back to

the silo.

4.5 DAMPERS

The radon adsorption system is. designed to operate with one set of carbon
vessels at a time. When one parallel pair of units is operating, all other
vessels .re isolated. Isolation is accomplished through the use of isolation
dampers located at the inlet of the carbon units. The dampers selected must
be capable of operation with reach rods and designed with bar seals or EPT

seals which limi% air leakage.

4.6 INSTRUMENT.IION

Process control is accomplished using on-line monitoring of radon gas

concentrations. The radon concentrations at the process inlet and process
outlet are monitored. These process measurements are to be made using on-line

measurements with an instrument such as the Eberline Model RGM-2 Radon Gas

Monitor or equzati. ‘

000018
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‘ 5.0 DESCRIPTION OF OPERATION

The radon removal system is designed to operate at up to 1000 cfm gas flow to

reduce radon levels in each of the two silos from 37.4 Ci to less than 1 Ci.
Given gas volumes of 48,700 cubic feet in silo 1 and 38,700 cubic feet in silo
2, turnover times are 49 and 39 minutes respectively. Assuming 10 volume
turnovers will be required to dilute radon concentrations to the level desired
for start of foam application work, the total process times will be 500
minutes (8} hours) and 400 minutes (7 hours) for silo and 1 and silo 2
respectively. In actual practice, it is anticipated this system as proposed

will allow radon levels to be reduced to desired levels in two shifts.

The system is operated by opening the inlet damper to a pair of carbon beds.
A flow path is verified from the silo to be processed, through the
dehumidifiers and the carbon vessels to the fan. The fan is then started and
air flow established through the system. The radon concentration is monitored
at the process inlet and at the process outlet; Data available on carbon
indicates removal efficiency for radon is between 85 and 99 percent. As inlet
. concentration is reduced and carbon capacity is being used, it is anticipated
that flow will be diverted to a second set of carbon beds to achieve radon
reduction to the final effluent concentration. The second silo will be
processed by directing the initial flow through the partially expended bed
from final processing of the first silo. The process will continue until
inlet and outlet concentrations dictate a new bed must be placed in service.
The new beds to be operated must have inlet dampers opened and flow

established before isolating the expended units.

' 000019
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RADON REMOVAL SYSTEM

{Narrative)

A radon treatment system is proposed using the best available technology which
is to be capable of safely removing accumulated and continuously generated
radon gas within the K-65 silos. Primary system components include carbon
beds, dehumidification beds, a fan for circulation and two continuous radon
gas monitors. The general arrangement allows for circulation of contaminated
éir between the K-65 silos and the dehumidifiers/car-on beds located at the

base of the berm.

Research was done to determine the most effective method for removing the
radon gas from the air space of the silos. Literature data on Radon removal
from air spaces tended to suppgort carbon adsorption as being the most
effective. Based on a system airflow of 1000 cfm, an initial curie content of
37.4 Ci, and 10 volume turnovers, the minimum curie content that can be
achieved in the silos (due to continuous generation of radon gas) is
approximately 0.4 Ci. A targeted final curie content for each K-65 silo is

1 Ci; however, an accept:ole prw-foaming level is 4 Ci. The :zotal ‘'mour% of
carbon required to "hold" 36.4 Ci (based on target curie conc:int) - est:nated
at 4000 lbs. The selected-carbon bed arrangement for radon removal uses two
beds sized for 500 cfm operated in parallel to process 1000 cfm. Four trains

of carbon beds are provided to achieve the reguired adsorption capacity.

Radon adsorption onto th= carbon beds is much more efficient when the air
moisture content is low. Thus, dehumidification will be provided by
circulation of the contaminated air through 2 drums (500 cfm/drum) containing
calcium sulfate capable of reducing the moisture level. The amount of calcium
sulfate required (4000 lbs) was based on the assumption that the relative

aumidity of the air in each silo is 100 percent at U0 degrees F.

A fan is included in the system to draw gas from the silos through the

dehumidifiers and carbon adsorption beds. It is located downstream of the

process to reduce the possibility of untreated air escaping the closed

system. Exhaust from the fan returns to the silos as treated air.

Sampling and analysis of the circulating gas is provided by continuous radon
UUL020
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gas monitors located up and downstream of the dehumidification and carbon
adsorption beds. Consistent readings of the targeted curie concentrations of
7.2 X 109 pCi/L for silo 1 and 9.1 X 102 PCi/L for silo 2 will justify
terminating the radon removal process and beginning the foaming process.
Levels of 3.1 X 106 pCi/L for silo 1 and 4 X TO6 pCi/L for silo 2 are the

maximum allowable concentrations prior to beginning the foaming process.

e G000t
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SPECIFICATION NO. 303317-RRS-01

SPECIFICATION FOR RADON REMOVAL SYSTEM

Prepared for:
FEED MATERIALS PRODUCTION CENTER

WESTINGHOUSE MATERIALS COMPANY OF OHIO
FERNALD, OHIO

AUGUST, 1987
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SPECIFICATION FOR RADON REMOVAL SYSTEM . ‘
for |
THE K-65.SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, QHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal

system as described herein. The radon removal system shall provide humidity

removal, carbon adsorption for radon removal, and & .:n for -2circulatin. the

air being treated. The carbon adsorption units shz’.! treat the air and reduce

radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at

least 80 percent is required to ensure reduction of the radon level to below ! ‘

Ci 1» each si:o in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.M.001, 303317.F.01 show the arrangement and

capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shail furnish a suitably sized humidity reduction unit

to treat a flow of ...r ¢ 1000 cfm. The unit should be sized to treat a total

of 1,500,000 ft3 of air saturated with water vapor at 40°F. The humidity

reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent. ‘

NEW:DH-8(3) 000024
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2.2 RADON REMOVAL - CARBON ADSORBER

2.2.1 The Contractor shall furnish suitably sized radon removal units based
on the use of activated charcoal. The charcoal units should be sized for a

nominal per unit flow rate of 500 ofm.

2.2.2 Carbon adsorption units must be sized to reduce the radon content of
37.4 Ci contained in each of two silos. The volume (air space with 37.4 Ci of
radon in equilibrium) of silo 1 is 48,700 £t3 and silo 2 is 38,700 £t3.  The
final targeted concentration of radon in the silos at the termination of the
removal process must be less than or equal to 1 Ci. Based on a minimum of 80
percent reduction per volume pass, no more than 10 volume turnovers shall be

required.

2.2.3 The Contractor shall supply the activated carbon for the radon removal
system. The Contractor shall clearly delineate the carbon type and size he is
proposing to supply. The literature shows much higher radon adsorption
coefficients for coconut basis carbons, however, limited data show variability
in capacity. The Contractor shall support his charcoal selection and quantity

of material to be supplied for Purchaser's evaluation.
2.3 EAN

2.3.1 The Contractor shall supply a fan to recirculate‘radon containing air
from the silo being treated through the radon removal system. The fan shall
be sized to provide a minimum flow of 1000 cfm through the carbon adsorbers
and the dehumidifier. See drawing 303317.F.01.

2.3.2 The Contractor shall supply an electric motor and all auxiliaries to
provide a complete and operable air mover unit. The motor should be rated for
U480 volt, 3 phase service, The Contractor is to indicate the motor horsepower
rating selected. Motor starters, heater, fuses and remote start-stop

capability are to be provided by the Contractor.

000025
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2.4 DAMPERS ‘

2.4.1 The Contractor shall provide isolation dampers in the air recirculation
system as shown on drawings 303317.F.01, 303317.M.001. The dampers selected
shall have bar or EPT seals to 1limit leakage across closed dampers to no more
than 3 percent of rated system flow. The dampers selected must be designed to
operate at the system full flow pressure drop when in the closed position.“
Dampers shall have position indicators fitted to allow operators to readily

determine if the damper is open or closed.

2.4.2 The Contractor shall supply reach rods for remote operation of
dampers. Reference should be made to Drawing 303317.M.001 for details of

reach rod operation.
2.5 DUCT WORK
2.5.1 The Contractor shall supply duct work to connect the components of the

radon removal system together as shown in Drawing 303317.M.001. Galvanized ‘

sheet metal, PVC, fiberglass or other material can be employed. The

Contractor shall specify duct work material for Purchaser's review and

approval.

2.5.2 Contractor shall provide properly sized duct work to connect the radon
removal system to the manway adapters on the silo. The Contractor can specify
solid duct work as in 2.5.1 or flexible duct. Contractor is to specify duct

work material for Purchaser's review and approval.

2.6 ELECTRIC MOTORS

2.6.1A Motors shall be totally enclosed, non-ventilated, construction and
manufactured by General Electric, Westinghouse, Allis-Chalmers, or other

Purchaser approved Supplier. Motors above three horsepower shall be for U480

volt, 3 phase, 60 cycle current. All motor starting equipment will be

furnished by the Purchaser and mounted in a remotely located Vendor supplied

load center. Motor enclosures and insulation shall be suitable for outdoor ‘
installation in southern Ohio. Motors shall conform to the requirements of

: UUU0Z6
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‘ current SEEE and NEMA Standards covering such motors.
2.6.2 All instrumentation shall be subject to the approval of the Purchaser.

2.7 COMPONENTS IDENTIFICATION

2.7.1 All equipment furnished by the Contractor, including fans, dampers,
piping, fittings, hangers, instrumentation, miscellaneous parts, assemblies
and other process ‘units shall be described in materials lists. All items shall
be marked with proper identification by the Contractor or his Supplier in
order that there shall be no confusion at the time of erection of the
equipment. Material lists shall be supplied to the Purchaser prior to

shipment of material to the site.

2.8 SHIPPING POINT

2.8.1 A1l materials and systems will be shipped to the Purchaser's plant

’ site.

2.9 DELIVERY

2.9.1 Delivery of .the equipment to the Purchaser's plant shall be on or about’
September 30, 1987.

000027
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‘ SPECIFICATION FOR FABRICATED MANWAY ADAPTERS
for
THE K-65 SILO AREA
of
FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 This Specification covers the fabrication, and delivery of four
fabricated adapters for manway openings located on K-65 storage silos of the

Feed Materials Production Center, Fernald, Ohio.

1.2 The manway adapters shall be fabricated of materials as specified on

Drawing 303317.A.001, and assembled by welding and bolting.

‘ 2.0 MANWAY ADAPTERS

2.1 The Contractor shall supply four manway adapters fabricated as shown on

drawing 303317.A.001. The manway plate shall be fabricated from 1/2 inch

carbon steel cut as shown on drawing 303317.A4.001. The plate shall be 26 inch
in diameter and shall contain 20-3/4 inch diameter drilled holes equally
spaced on a 23 inch diameter bolt circle. The center of the plate shall be

cut to accept a nominal 6 inch schedule -10S pipe.

2.2 A 6 inch diameter pipe shall be welded to the manway plate as shown in
drawing 303317.A.001. The drawing calls for the use of T304 stainless steel

schedule 10S carbon steel can be supplied as an acceptable substitute.

2.3 The Contractor shall provide a 6 inch - 90° close radius elbow butt
welded to the 6 inch pipe assembly as shown on drawing 303317.A.001. This
elbow shall be of the same material as the pipe. The top of the manway plate

shall be stamped to mark the direction of the outlet of the elbow.

‘ 2.4 The Contractor shall provide a flanged connection on the opposite end of

- 000030
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the 6 inch pipe suitable for connection of a 6 inch damper. Details of the ‘

damper arrangement are shown on attached vendor data.
2.5 The Contractor shall fabricate the temporary manway adapters using good
.ommerc. 1 practice. All carbon steel surfaces shall be grit blasted to a

white metal finish, primed, and painted.

2.6 SHIPPING POINT

2.6.1 The temporary manway adapters shall be shipped to the Purchaser's p.int

site.
2.7 DELIVERY

2.7.1 Deliver- the ec:. omer to the Purchaser's plant shall be on or about

September 30,1 .=
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NEW :DH-12(4)



BRUNING 44-132 67120

097

USE 4 BOLTS FOR

TEMPORARY COVER
WITH RED RUBBER
GASKET.

INTIATOR . K. ATWO@DZ | ORawING NO.
PROJ. ENGR.. D. HARMER:] PROJECT NO.: S

" DATE LAST REV.:

> DAMPER MATCH MARK TOP FOR
2 T ol . /  90°L DISCHARGE DIRECTION
« .
g 7
1] L] I *
¥ 4 - 5/g"x3" UNFIN | |2
= HEAVY HEX HD. BOLT |, w K
ST. PLATE
Y 8 NUT, 9"~ IINC-2 i 2 -
o|E .
s i3 %
als
1E .. ~
5|2 6" NOM \
- SS P|gg
SCHI
& _
S) 20" Ljp———= o2
26

6'STL 90° —= FLOW DIRECTED
TO TANK WALL

WESTINGHOUSE MATERIALS COMPANY OF OHIO

. FMPC FERNALD, OHIO
’ TEMPORARY MANWAY COVER (4 REQ'D)

K-65 SILO PROJECT

c IT CORPORATION m
ALL -COPYRIGHTS RESERVED o ... Creating a Sater Tomorrow

“Do Not Scale This Drawing”

65360

(400032



>

Ak [T S AW N - oo TaTe e °
— = ! i- | I -
EET ™ g [9t/4]91/81-11 0 ] z2/1-2 8
(VIO WB71-110 ML W91/1-€) 9 |91/t| 8/5-01 6 6 vi-2 ¢
I T0HINOD JNNTI0A 195-0A 9 |as/c | 91/6-6 B 8 2 Iy
OIND T 33w 3112 0OR NYITNT O1F1 g lass| z2/1-8 ¢ . 2 8/1-L sQ
e -
TN ONLIVITINGA ONY v/N 9 |2e/6] 91/5-¢ 9 8/L-5 4 25/5-9 v w
N[NHYM NYDITHINY
NI v/N 9 [ecs6| 91/5-9 5 8/L-Y 2 gt/1-g £-P
[ 31vQ NOISTA3Y v/N 8 |ecs6] 91/6-5 ’ B8/(-¢ 8/L-1 g1/1-* Nl
vY/N 9 [z5/6] 81/5-% g 8/t-2 r/5-1 91/1-¢ 1
1X3 | OIS fqv3s |vwvas |‘avmo Favodbrod] 3vwwis | nes ixa rey 1x3 | ryg cols ‘mdJ c0LS
ONIO9V L 3dAL ITYHS uyva 1d3 fwrwvn | L4, A L049 L3, H1d30 .0. vYIig .v. H1d430 .0. ‘vig .v, ‘ON
SNOI1d0O 318VIIIVAY SNOISN3IWIJ INUIGENY
{TON NOI1L2NQ0YHd AMY
*'ON H30HO LIN39V Mvzl(lﬂ Tv3s av3s avnND IVNNYA
PTON H30HO Y¥3NW0LSND O30N31X3 uve 143
¢ HONI/HOHY =
TH3INOLSND e Qe
131v0
"SLHVHD i, |
JOYO JWNSS3IYG ® "3INOHOL "IOVMHVITI HOS4 3015 3ISH3A3Y 335 (1 -*-..-
S3LON >
—~—
(SNO11d0 Y04 3MNQO3HIS 33S)
"OYVONYIS S1 WYY HIAIT HLIM L4VvHS Q3ONIIX3 HOLVNLIV -
"H3ANIHG S31H3S 00€-d SNNIVYA 40 LY0D 3NO 'HSINT 4 ST1v 130 NOT LdO 399V 1IVAY
ANA3HIS 33S YN RLE! -
(37NQ3HIS 335 011d0) Sv3S (35007 owmwﬁzﬂ
N : NYY H3IA
dOLS Nid SdOLS "OLS HLIM NMOHS 301S ONTY3LN3 MOT4
3ZNOHE O3LVNO3IHJINT 110 :SONIYvIg —_—
M3IA  ON3 M3IIA  30vd v-v NOI1D35
HI9N3T 7N4 “1331S “vIg .2/1 $37IxY v _—
. . . . . : ] . /gj
37XV 0L G307134 T3S VO ¥ +30v78 YR8 8. 234R0T ~
Q.03 4. S30M vl .n, .
(3nvy4 G30N3LXI IWNOILJO HLIM (33SN) 1S "vo 9 $3A33NS lﬁl \\l
e
("VvIQ 48/1-11 9 .B/1-01) 'd330 .2/1-2
"S3TMONV ILS NIW V9 11 X LB/S-1 X uwb/i-1
{("vIO .B/1-6) 'd330 .v/1-2 >
'SIMONVY ILS NIN VY U1 X Wb/ 0-1 X LB/1- | o
("viQ .8/1-8 ¢ .8/1-L) 'd330 .2 bt
"SITONY LS NIW “v9 (1 X ..wx_-_ X ) a1F
‘VIQ .2£/€-9 ¥ .91/1-S) ‘4330 .2 »
e N e L et (R oMo z|- MOde ]
(VIO .91/1-%) "d330 .8/¢(-| ma
"SIONY LS NIW V9 11 X Ll X .91/G1 i
("viQ .9t/1-¢) "d330 .tv/8- | 1 o
"SITNONY LS NIW VY (1 X Ll X .B/L {3NVH S . m
14vHSg
Nv37D tALITIVND Hlv —— Qa3 - o
MALIWVIO uB/1-11 0L WOI/1-% {3ONVY 3Z1S YIdWVD .
(S35 LNOHIIA) 4 930 052 L a T-
(S7v3s +iLIm) 3 930 0Gi P 3ENLYHIANIL XV X
OM WG 3YNSS3Yd 4410 XA e e
x . Wdd 006% “ALIDOT3A 30vd XYW 5« owag BAL
: SHOTIYD13103d5 O4vANYLS 19G-DA 500wyt




NEW:DH-11-cov

SPECIFICATION NO. 303317-RRS-03

SPECIFICATION FOR RADON
MONITORING INSTRUMENTATION

Prepare For:
Feed Materials Production Center
Westinghouse Materials Company of Ohio
Fernald, Ohio

August 1987

D975

000034



AST COMPANY

Prepared By Date
Checked By Date
Approved By Dt~
Approved By Date

GESTINu...USE “ATERIALS COMPANY OF OHIO

Approved By . ' Date
Approved By Date
Approved By Date

DEPARTMENT OF ENERGY

Approved By Date

Approved By Date

000035

NEw :DH-3 1 --cov



5975

SPECIFICATION FOR RADON
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2.0

2.2

“ microcomputer capable of providing the following:

2.3

SCOPE .

These specifications cover the furnishing and delivery of three complete
radon monitoring instruments as described herein. The instruments shall
provide on-line measurement of radon concentration on samples which are

continuously removed from a process air stream.

RADON MONITORING INSTRUMENT

Detector - The radon monitoring instruﬁent shall have a one-liter metal
enclosed detector which is coated on the inside with zinec sulfide. The
detector shall be mounted with a 5-inch diameter photomultiplier tube
which is contained in a light-tight metal housing. Sensitivity at
equilibrium should be 4 counts per minute (cpm) at a 222Rn concentration
of 1 pCisl. The background of a new detector shall not exceed 0.25 pCi/l
and shall be automatically subtracted from indicated and recorded

measurements.

Miér‘ocomputer - The radon monitoring instrument shall have a ‘

» Day-of-year and time-of-day printed with each status change,
calibration parameter change, and data printout

* Hourly and daily averages printed in pCi/l

e Test mode where data may be printed at selected intervals ranging
from 1 to 9 minutes

+ Instrument number, calibration factor, background subtraction, and
alarm set point printed with each daily average

* Monitoring of status of power, sample flow,'and alarm condition

* An alarm status print which indicates the maximum concentration in
pCi/l that occurred during the alarm condition.

Printer - Alphanumeric, 21 characters per line , electric writing.

NEW:DH-11 ' GOvwZy
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2.4 High Voltage - The radon monitor shall have voltage regulated and
ad justable by an internal control to about 1700 V. The supply shall be a

plug-in module for ease of maintenance.

2.5 Amplifier - The radon monitor amplifier®shall have a charge sensitive
input followed by a dc-coupled amplifier with feedback for stability.
Overall sensitivity shall be adjustable by an internal control. The

amplifier shall be a plug-in module for ease of maintenance.

2.6 Low Volﬁage Power Supply - Low voltage power shall be supplied with
regulators for all supply voltages which are required by the
instrument. Back-up batteries are to be supplied for critical components
to insure data acquisition during interruptions of primary power. The

instrument shall automatically recharge batteries when power is restored.

. 2.7 Power - Unit shall operate on 115V, 50/60 Hz line power at about 24 VAC
or 12 Vdc at about 1A.

2.8 Temperature - The radon detection instrument shall be designed for
operation between 0°F and 110°F (-18°C to 45°C). The unit shall also be

capable of operation for extended periods at lower temperatures.

2.9 Environmental Capabilities - The radon detection instrument shall be of a
size and design that will allow the unit to operate unattended in an
outdoor environment in Southern Ohio. The instrument shall be installed

in the equivalent of a NEMA3R enclosure and shall be self supporting.

2.10 Component Identification - All equipment furnished by the Contractor,
including instrument packages, supporting devices, instruction manuals,
calibration devices, etc. shall be described in materials lists. All
items shall be marked with proper identification by the Contractor or his
Supplier in ordeé that there shall be no confusion when the instrument
packages arrive on site. Material lists shall be supplied to the

Purchaser prior to shipment of instruments to the site.

000038
NEW:DH-11



TNl

~

L

2.11 Shipping Point - All material shall.be shipped to the Purchaser's plant .
site,

2.12 Delivery - Delivery of the instruments to the Purchaser's plant shall be
on or about September 30, 1987.

3.0 Recommended Instrument - Eberline model AGM-2 or =duivalent.

000039
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SPECIFICATION FOR PORTABLE BUILDINGS
for
THE K-65 SILO AREA

of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 This specification covers the furnishing, delivery, and placement of
temporary buildings. One building will be used to provide a weather cover for
a process system designed for radon removal. The second structure will be
used as a control house where electrical equipment and control and recording

instrumentation will be located.

1.2 The portable buildings shall be of a free standing type designed for
placement on a concrete slab provided by the Purchaser. The attached drawing
303317.G.01 shows the location of the concrete slab and the proposed location

of the_portablé buildings.

2.0 PORTABLE BUILDINGS

2.1 ADSORPTION SYSTEM BUILDING

2.1.1 The Contractor shall supply a portable building with inside open

dimensions which are at least 22' x 24'. The building shall be constructed in

two halts for final assembly in the field.

2.1.2 The Contractor shall supply the portable building constructed with 4" x
6" pressure treated base timbers. The timbers will rest on the Purchaser ’
supplied concrete pad. The building provided shall be constructed with no
floor or other internal bracing once properly erected. The Contractor shall
brace the structure halfs as required for structural integrity during

shipping.

000032
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2.1.3 The Contractor shall employ 2" x 4" x 8' framing material for side

walls and shall be spaced no more tr . 24 inches on centers.

2.1.4 The Contractor shall provide roofing support constr .- ed with 2" x 4"
truss design or other suitable structural design. Snow lozi for Southern Ohio

must be cinsidered in the design.

2.1.5 The Contractor shall cover the roof and sides of the building with
aluminum materials designed for this service. The aluminum supplied shall be
at least 0.021 inch in thickness and applied and fostered in a commercially

acceptable manner.

Ny

.1.6 In zccordance with the attachec drawing 3¢3317.M.001, the building
a2ll contain a door which shall be located as shown. The door shall be of

. ...dard design for outdoor use and sized at 4.0 x 6.8.

2.1.7 The Contractor shall construct tne buil .ing in two hal.ss of a nominal ‘

11" x 24' size. The Contractor shall deliver tne building halves to the job

site and placed as shown in drawing 303317.M.001.

2.1.8 After the Contractor has located the building, he shall attach building

halves and perform any leveling required.
2.1.9 Th2 design life of the building shall be 5 years and materials and
workmanship not specified in detail in this document shall be suitable for

this building life considering the environment in Southern Ohio.

2.2 Control Building

2.2.1 The Contractor shall supply @ portable building with inside open

dimensions which are 10' x 14'. Th- .iilding shall be constructed as a single
complete structure and fabricated fo:lowing specification items 2.1.2, 2.1.3,

2.1.4, 2.1.5, 2.1.6, and 2.1.7. If Contractor standard construction includes

a built-in floor, it shall be provided with this building. .

NEW:DH-7(4) COUO53
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‘ 2.2.2 Af‘per delivery and placement of the building, the Contractor shall

perform any leveling required.

2.3 Component Identification

2.3.1 All equipment and items furnished by the Contractor shall be described
in materials lists and all items marked with proper identification by the

Contractor in order that there shall be no confusion at the time of erection
of the buildings. Material lists shall be supplied to the Purchaser prior to

shipment of the building to the site.

2.4 Shipping Point

2.4.1 The portable buildings will be shipped to the Purchaser's plant site.

2.5 Delivery

‘ 2.5.1 Delivery of the equipment to the Purchaser's plant shall be on or about
September 30, 1987.

‘ *

; U0U044
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Utilities List

1.0 Foam Operation

+ Air Compressor 50 - 100 gallons diesel

2.0 Radon Removal

+ Fan and Spare 480 Volt, 3 phase, 60 Hz, 10 bhp, 1504
starting
Rated kVA = v3 * U480V * 300471000
= 250 kVA
e Radon Instruments 115 Volt, 60 Hz, 1A
(2) 2 # 115 # 1471000 = .230 kVA
. Lighting 110 Volt, 60 Hz
(1000 W) 1000 VA/1000 = 1.0 kVA
« Spares 110 Volt, 60 Hz
(500 W) 500 VA/1000 = .5 kVA

Total kVA =252 VA

NEW:DH-13 006IS



SUGGESTED VENDOR LIST

Dampers

American Warming & Ventilating, Inc.
1310 Indian Wood Circle
Maumee, OH 43537

Air-Rite, Inc.
Pittsburgh, PA

Industrial Dampers Company
Cincinnati, OH

Effox, Inc.
Cincinnati, OH

Dehumidifiers and Carbon Adsorption Systems

General Dynamics Services Company
14 Holmes Street
Mystiec, CT 06355

Purefil, Inc.
P.0. Box 80434
Atlanta, GA 30360

Baron-Blakeslee, Inc.
17 West 6th. Street
Cincinnati, OH 45202

Tigg Corporation
Box 11661
Pittsburgh, PA 15228

Radon Instrumentation

Eberline Instrument Corporation
P.0. Box 2108
Santa Fe, NM 87501

NRC Industries

Division of Nuclear Research Corporation
125 Titus Avenue, P.0. Box H

Warrington, PA 18976

NEW:DH-10

5975

000046¢



0

Fans

Phelps Fan Manufacturing Company, Inc.
P.0O. Box 9588/9U417 New Benton Highway
Little Rock, AR 72219

Hertzell Fan, Inc.
Piqua, OH 45356

Portable Buildings

Fay Portable Buildings, Inc.
6400 Kingston Pike '
Knoxville, TN

Foam Applicators

Fcim Enterprises, Inc.
* .0 Watertower Circle
sapolis, MN 55Ul

2rn Foam Systems, Inc.
dwin Street
s2port, CT 06607
Two-. “bile adios
Communication Specialists, Inc.

3044 Sutherland Avenue
Knoxville, TN

NEW:DH-10
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SECTION 4.0
FOAM APPLICATION
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CAMERA AND COMMUNICATION SYSTEMS FOR ‘
K-65 SILO FOAM APPLICATION

1.0 CAMERA SYSTEM

A remote viewing camera is necessary to assure the foam application process is

performed in a manner as planned to provide maximum-radon attenuation and
structural support for the K-65 silos. The sketch included in this section
shows a simple design that would allow sufficient capability for monitoring

the foaming process.

1.1 CAMERA

A recommended camera which is readily available and is also functional in
radiation areas is Photosea System Inc's model TV-100S. It is a black and
white camera and can be purchased from surplus at General Public Utilities,
Three Mile Island Nuclear Plant, Unit 2, Middletown, PA. Contact in TMI
Purchasing is Mr. Art Farr. Two cameras (1 as a spare) should be taken to the

site.

1.2 POWER SUPPLY ‘

A recommended power supply for the aforementioned camera is model TP-1000.

This unit is also available from Photosea. A spare should be brought to the

site.

1.3 MONITORS
Black and white monitors are normally readily available from many vendors.
Photosea's model VM09 is a monitor that mates very éasily with the above

camera and power supply. A spare monitor should be brought to the site.

1.4 LIGHTING

Lighting for the television monitoring system must be capable of illuminating
the walls across 50 feet of airspace in the dome. It is highly recommended
that the light be attached to the camera in a manner that makes the light
directional with the view of the camera. Contact Remote Ocean Systems for

proper lighting fixtures. (Spare lights recommended.)

000053
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PAN AND TILT

The pan and tilt mechanism is critical to the viewing capability of the

camera. [t should provide a pan of 360° and tilt of 90°.

1.6

1.7

2.0

2.2

VENDORS

e Power Supplies Photosea Systems, Inc.*
+ Monitors © 6377 Nancy Ridge Dr.
Attn: Mr. Tom Olkowski
Phone: 619-452-8903

- Lighting Remote Ocean Systems*
« Pan and Tilt 5111 Santa Fe St., Suite L
San Diego, CA 92109
Attn: Mr. Bob Acks
Phone:  619-483-3902

A VHS-VCR unit should be installed to record the foaming process. The
VCR is an item that may be rented; however, the VHS blank cassettes must

be purchased. Total recording time is approximately 140 hours.

COMMUNICATIONS

The communication between the foam operator and lead engineer during foam

application will be extremely important for quick and thorough coverage

of the K-65 silo residue during the initial phases of the work. The
system must be reliable and operate in such a way that foaming progress

is not impeded.

PORTABLE TWO-WAY RADIOS

2.2.1 A portable two way radio with a throat microphone/speaker is

recommended. This system requires no manual operations by the user for
communicating. Foam operator and lead engineer will have their hands

free to perform any required tasks during the foam application.

‘ *Note: Above two vendors have worked together in the past. They seem to be

anxious to put a system together for the K-65 project.

 NEW:DH- 14 000053
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2.2.2 G.E. model P5F58 portable radios have the required features and are ‘

readily available for this project.
2.2.3 VENDOR

2.2.3.1 Commurication Sg= ialist=z. Inc.
3044 ¢.:zherland . -nue
Knoxv..ie, TN.

000055
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DEFINED SAFETY SYSTEMS INVOLVED: _ YES X NO

1.

1.

1

1

2.1

2.2

DESCRIPTION QOF EQUIPMENT AND OPERATION

Field production of polyurethane foam involves a continuous blending and
pouring process. The principal foam reactants usually a polyisocyanate,
a polyol, and a blowing agent are pumped through separate hoses to a
mixing manifold on the butt of an application tool. The foam components
begin to react as they mix and once applied will expand and set-up in a
matter of minutes. The maximum application rate is about 100 lbs/min of
foam. Other support operations in the foam system include pumping of a

chlorinated solvent to the application lance for clearing out foam
reactants, and compressed air for pump operation and blowing solvent out ‘

of the lance.

- The polyurethane foam will be applied to fill the head space in the K-65

silos for the purposes of radon attenuation and to enhance the structural
integrity of the concrete domes of the silos. The foam fill will involve
the use of three different polyurethane products to be applied in a five
phase operation with an optional sixth phase. General arrangement
drawings are attached for foam application equipment and system layout.
Also attached is an illustration for the application scheme for the foam

fill. The operational phases are described as “follows:

Elastomer precoat - An initial layer of special elastomer will be
applied. This layer will attenuate radon and will provide a primer
surface for application of subsequent foam layers.

Rigid foam sealing layer - This close-cell foam will be applied in a
18-30 inch layer for the purpose of providing a secondary seal for ‘

NEW:DH-16(2)
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radon attenuation.

1.2.3 Elastomer caulking - A second application of elastomer is performed

around the border of the rigid foam layer for extra sealing assurance.

1.2.4 Flexible foam fill - Flexible open-cell foam will be applied between
the rigid foam and the dome leaving space at the center of the silo for
a rigid foam core. The flexible foam will provide some structural
support for the dome while cushioning the expansion and contraction of

the entire foam composite.

1.2.5 Rigid foam core - A second rigid foam application is designed to
provide structural support for the center 20 foot diameter area of the

silo dome.

1.2.6 Optional protective 6uter foam coating - A 2-inch thick protective foam
barrier is sprayed on top of the dome. This barrier will provide '
weather protection and insulate the dome. Thermal expansion and
contraction and.freeze/ﬁhaw damage to dome will be reduced

significantly.

2. ENVIRONMENTAL CONSIDERATIONS

At the present time, radon gas is escaping to the atmosphere’ through the

K-65 silo dome at a rate of 60 Ci/yr. During the foam filling process, a
maximum of 8 curies of radon will be displaced to the atmosphere. After

the foam fill, random escape should be virtually eliminated.

3. INDUSTRIAL HEALTH AND SAFETY REQUIREMENTS

3.1 Normal process clothing and safety glasses shall be worn at all times.

NEW:DH-16(3)
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3.2 Chemical goggles and chemical resistant gloves will be worn when working

NEW

PREPARATION ‘

:DH-16(4) - | GOOULY

on or ..out hoses or pumps containing foam components.

An additional chemical respirator with organic vapor cartridges i111 be
required for the foam application operation. Fans will be placed at the
foam injection point for dispersing radon and other organic vapors away

from the operator.

Foam components are combustible and emit toxic fumes when burning. No
smoking, matches, or open flame is allowed. There will be a designated
smoking area provided at a safe distance from the process. .

A portable eyewash station and a continuous water supply shall be

provided in case of chemical exposure.

Refer to the Toxic Chemical Review section of the design report for
further information and MSDS fsr each ¢f the chemicals to be used in the

foaming process.

To minimize man-rem exposure, work on the K-65 silo must be well planned

and performed such that no more time than necessary is spent on the dome.
Any action which results in intake of radioactive materials or over-
exposure to foaming chemicals will be immediately reported to a

supervisor.

PROCEDURE
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4.1.1 A remote video camera will be installed at the center manway. The

radon treatment system may continue to operate during installation.
4.1.2 Operation of camera and lighting will be checked.
4.1.3 Foaming eqﬁipment will be prepared for Phase 1 application.
4U.1.4 A review of safety precautions and operational procedures will be
conducted by the lead engineer of the foam crew. All personnel

inveolved with the project will attend the meeting.

4,1.5 The foam crew will walk-through the procedural steps for applying the

foam.

4.1.6 Operation of safety equipment and two-way radio will be checked.

4,2 Phase ! - Elastomer System

" 4.2.1 Hold point - When the radon measuring equipment on the radon treatment
system indicates a level of 7.2 x 10° pCi/l or lower for silo #1 or 9.1
X 105 or lower for silo #2, the decision is made to proceed with the

foam operation.
4,2.2 Ventilation system duct and cover are removed. from a manway.
4.2.3 Using the video monitor, foam operator is instructed by the lead

engineer in application of elastomer through the manway. Surfaces are

covered as quickly as possible in all directions about the manway.

NEW:DH-16(5) 0000690
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Note: Operating time on the dome surface must be minimized in every phase of

this work.

4.2.4 When application at this manway is nearly complete, duct and cover from

a second manway will be removed.
4.2.5 Tempora.v cover is placed over the firs. janway. The cover consists of
a 26 inch diameter, 3/U4 inch thick plywocod disc with 4 holes drilled to
match manway bolt holes.
4,2.6 Elastomer will quickly be applied on surfaces through second manway. .
4.2.7 Steps 6.2.1 - are repeated for the third and forth manways.
4.2.8 Upon comp.ction of Phase 1, the lance is cleared using solvent and air
supplied to lance. Drums for waste solvent are located on berm for
this operation.

Note: Solvent used to clean lance is not to be blown through manways.

4.2.9 Quality of the elastomer layer is visually evaluated and a touch-up

operation is performed if necessary.
4.2.10 Using a measuring stick or other devise, the distance from the

elastomer surface to the dome is measured at r.~e or more =qually

spaced access points.

4.3 Phase 2 - Rigid Foam Seal ' I

NEW:DH-16(6) ' U0600L1
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The changes in reaction components will be made for rigid foam

production.

A foam test will be performed to ensure good quality foam. A sample of
the foam will be retained for WMCO. ‘

The first temporary manway cover is removed.

Using the video monitor, the foam operator is instructed in application

of the foam in a 18-30 inch iayer over the elastomer.

When foaming is nearly complete through first mahway, the cover from a

second manway is removed.

The foam operation is continued through second manway. The first

temporary manway cover #1 is replaced.

Steps 6.3.3 - 6.3.7 are repeated for the third and forth manways.

The foam lance is cleared using solvent and air.

Allow at least a 1 hour cure time before Phase 3.

Inspection of foam progress. Using the same technique as in 4.2.10,
measure the distance from the top of the rigid foam to the dome. Using

these measurements, determine the thickness of the rigid foam. More

foam must be added where the the thickness is less than 18 inches.

4.4 Phase 3 ~ Elastomer Caulking

NEW:DH-
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4.5

NEW

.1 Foam components are changed for elastomer production.

.2 Foam test and quality check are performed. Retainer sample is taken

for WMCO.

.3 The first temporary manway cover is removed.

.4 Elastomer is applied to interic side =zlls ¢ silo .nd in between the
walls and the rigid foam layer. Remote camera is used to direct the
application.

.5 Second manway cover is removed and first cover replaced. ‘

.6 Steps 6.4.4 and 6.4.5 are repeated for the third and forth manways.

Smaller 2 inch openings may be used to apply elastomer if necessary.

.7 Visual evaluation of elastomer caulking is performed.

Phase 4 - Flexible Foam Fill

.1 Foam components are changed for flexible foam foam production.

.2 Foam test and quality check are performed. Retainer sample is taken

for WMCO.

.3 Flexible hose extensions are placed in all dome injection points with

connections readily availabl.: for attachment to lancs.

.4 Lance is attached to a hose extension near the perimeter of the dome ‘

:DH-16(8) 0000863
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and foam flow is established.

4.,5.5 The lance is left on the dome with foaming in progress while the foam

operator takes a position off the dome surface but near the lance.

4.5.6 As the foam fills the space between the rigid foam and the dome, the
lance will be moved to other locations around the perimeter and towards
the center of the dome. A space with dimensions of about 20-30 ft in

diameter and 6-8 feet deep will be left at the center top of the silo.
4.5.7 Inspection of flexible foam. The same technique used in step 4.3.10 is
used here to determine the thickness of the flexible foam. The foam

must be at least 3 feet thick at the center manway.

4.6 Phase 5 - Rigid Foam Core

4.6.1 Foam components are changed for rigid foam production.

4.6.2 Foam test and quality check are performed. Retainer sample is taken
for WMCO.

4.6.3 Remote camera is removed from center manway.

4.6.4 Foam lance with extension is situated at center manway for remote

foaming and foam flow is established.

4.6.5 Foam operator leaves lance and takes a position off the dome as foaming

continues.

4.6.7 Foam progress is monitored by remote camera, now positioned outside of

NEW:DH-16(9) _ 4 VOVO6EH
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4.7.

NEW

the center manway, or by periodic manual inspection. Position of foam
lance is changed as necessary fill the void space at the top of the

silo.
When foaming is complete, foam lance is cleared with solvent and air.

Foam overflow is removed from dome surfaces, flexible lance extensions

are cut off, and all covers are replaced on dome openings.

Phase 6 - Optional Protective Dome Cover

:DH-16(10)

Spraying equipment is prepared and foam components changed for rigid
foam application.

Test spray is performed. Retainer sample is taken.

Starting at the dome center and moving quickly to outer surfaces, a

2-inch layer of rigid foam is applied. Manways and other dome

protrusions are not coated in this step.

Spray attachments are cleared with solvent and air.

Foam components are changed to production of polyurethane weather

barrier coating.

Test spray is performed and retainer sample is taken.

Barrier coating is applied to the dome on top of the rigid foam layer.

Final inspection of foam results. .

GLUULD
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PROCEDURE FOR INTERE. > ION OF FOAM APPLICATION FOR
' K-65 SILOS

REFERENCES: None.

DEFINED SAFETY SYSTEMS INVOLVED Yes X No

1.0 DESCRIPTION OF EQUIPMENT AND OPERATION

1.1 Equipment and operational procedures for foam application at the K-c3
silos are described in S0P-303317-02. The operation of the radon
treatment system described in SOP-303317-01 is designed to eliminata the
accurt..ated radon Zas in the K-65 silos. The radon gas, however, is ‘
generated continuously from the K-65 residue, therefore, it is important
that the radon attenuation layer of foam be applied quickly. Should a
breakdown of the foam equipment occur, or any other situation which would
interrupt the application of foam, decisive action must be taken to seal
the dome and prevent radon release while diverting attention to the other
problem. In addition, a procedure must be available for restarting the
foam process after the delay. B
1.2 In the foam application procedure, only one manway is open to the
atmosphere at any one time during the performance of Phases 1, 2, and
2. If the work is interrupted during this time, a temporary cover will
ke immediately placed on the manway through which the operator was
working. If the work is delayed for more than one work shift, radon

monitoring equipment will be used to determine radon level in the silo

6

head space. If radon level exceeds 2.9 X 10¥ pCi/ 2 1in silo No. 1 or
3.65 X 100 pCi/ & 1in silo No. 2, the radon treatment system will be
reinstalled and accumulated radon removed before foaming is continued. ‘

NEW:DH-15(1) 000067
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1.3 Once Phases 1-3 are complete, there will be no need for the radon
treatment system during the rest of the foam application. If a delay
occurs during Phases U4 or 5, any opening in the dome will be closed
immediately until the work can be continued. In Phase 6 of the foaming,
the dome is sealed from the start so radon exposure is not an issue.
However, it will necessary to leave the dome area immediately if problems

arise during Phase 6 operations.

2.0 ENVIRONMENTAL CONSIDERATIONS
See S0P-303317-02 for radon gas considerations.

3.0 INDUSTRIAL HEALTH AND SAFETY REQUIREMENTS
Nothing additional to those noted in SOP-303317-02.

4.0 PROCEDURE

4.1 INTERRUPTION OF PHASE 1, 2, OR 3

4.1.1 It is determined that the operation must be delayed to correct a

problem. Foam operator leaves the dome area immediately.
4.1.2 Cover for manway is replaced, sealing dome.

4.1.3 Delay was less then one work shift and the decision is made to continue

foaming.
4.1.4 Cover for manway is removed and foaming is continued per SOP-303317-02.

4.1.5 Duration of delay was greater than one shift and radon monitoring

NEW:DH-15(2) 000068



" 1.0 Foam Operation

Air Compressor

2.0 Radon Removal

NEW:DH-13

Fan and Spare

Radon Instruments

(2)

Lighting
(1000 W)

Spares
(500 W)

Utilities List

60 - 100 gallons diesel

480 volt,
starting
Rated kVA

115 Volt,
2 ® 115 #

110 Volt,

3 phase, 60 Hz,

250 kVA

60 Hz, 1A

10 bhp, 1504

/3 ® L8OV #* 300A/1000

1471000 = .230 kVA

60 Hz

1000 VA/1000 = 1.0 kVA

110 Volt, 60 Hz
500 VA/1000 = .5 kVA

Total kVA

=252 kVA

¢0004L9




SUGGESTED VENDOR LIST

Dampers

American Warming & Ventilating, Inc.
1310 Indian Wood Circle
Maumee, OH 43537

Air-Rite, Inc.
Pittsburgh, PA

Industrial Dampers Company
Cincinnati, OH

Effox, Inc.
Cincinnati, OH

Dehumidifiers and Carbon Adsorption Systems

General Dynamics Services Company
14 Holmes Street
Mystie, CT 06355

Purefil, Inc.
P.0. Box 80434
Atlanta, GA 30360

Baron-Blakeslee, Inc.
17 West 6th. Street
Cincinnati, OH 45202

Tigg Corporation

.Box 11661

Pittsburgh, PA 15228

Radon Instrumentation

Eberline Instrument Corporation
P.0. Box 2108
Santa Fe, NM 87501

NRC Industries

Division of Nuclear Research Corporation
125 Titus Avenue, P.0. Box H

Warrington, PA 18976

NEW:DH-10
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Fans

Phelps Fan Manufacturing Company, Inc.

P.0. Box 9588/9417 New Benton Highway
Little Rock, AR 72219

Hertzell Fan, Inc.
Pigqua, OH 45356

Portable Buildings

Fay Portable Buildings, Inc.
6400 Kingston Pike
Knoxville, TN

“oam oolicators

Foam Enterprises, Inc.
13630 Watertower Circle
Minneapolis, MN 55441

Eastern Foam Systems, Inc.
1-T Edwin Street
Bridgeport, <T 06607

Two-Way Mobile Radios

Communication Speéialists, Inc.
3044 Sutherland Avenue
Knoxville, TN

NEW:DH-10

000071



°975

SECTION 5.0
ALARA REVIEW

000072



Y

e

5.0

5.1

5.2

ALARA REVIEW

A reviaw of ¥~: work being engineered on the K-65 silos was made
from = radiat:.n control standpoint. The following outlines the
assur- ‘ons mace and the results obtained in this review.

STATEMENT OF WORK

In order to minimize releases of radon gas to the environment and

to help structurally support the silo tops, WMCo has decided to insert
a series of foams into the void air space at the top of both silos.
A ventilation system will first be installed that will reduce the
concentration of radon gas in the void air space. Then a two inch
elastomer layer will be poured onto the surface of the residues in
the tank. A two foot thick layer of rigid foam will then be sprayed
in the silos. A "caulking" layer of elastomer will then be applied
around the edges of the two foot thick rigid foam insert. The silos
will then be filled to within two feet of the t:p in the center with
flexible foam. Finally, the small remaining void will be filled
with rigid foam.

AS"Z3SMENT

Researching various documents concerning the K-65 silos and discussing
the conditions as assessed by WMCo with project personnel, existing
parameters were assumed for a-silo that represents a mean condition.
Table 5.2.1 describes the assumed existing conditions.

By inserting the parame::rs of "able 5.2.1 into a dose estimating
program, MICROSHIELD®, with the sarying elastomer and foam levels,

the dose rate at a point 81 cm above the center point of the idealized
silo was calculated for the following conditions. (For details,

see Appendix).

Existing sludge

Existing airspace

Airspace evacuated, elastomer in place

Air space evacuated, 2' rigid in place

Air space evacuated, 6' flexible in place

A1l foam in place

A11 foam in place, new equilibrium of Rn daughters

~NOYOV R W
e e & e » e s

A summary of the dose rates. both measured currently and calculated
by MICR>"HIELD® are given i~ Table 5.2.2.

In reviewing the draft operating procedures and design criteria for
equipment, equipment placement and shielding placement, the ALARA
considerations given in Table 5.2.3 were used as guidelines. Based
on these dose rates and a review of the draft procedures for foam
installation, a man-millirem budget was calculated and is given as
Table 5.2.4.
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. TABLE 5.2.1

PARAMETERS FOR SILO DOSE RATE CALCULATIONS

Basis:

There are 1404.2 Ci radium in sludge and 37.4 Ci radon in 50% equilibrium
(with daughters) in the void air space. Dimensions and densities
are as follows:

1005.8 cm height from silo bottom to exposure point

609.6 cm depth of sludge at 1.6 grams/cc

304.8 cm height of air at 0.00129 grams/cc

10.2 cm thickness of silo dome concrete at 2.300 grams/cc

81.2 cm air between silo dome and observation at 0.00129 grams/cc
1220 cm silo radius '

g. 2440 cm silo diameter

~HhMD QO O

Calculation Cases:
1. 609.6 cm of sludge

‘ 2. ¢ 304.8 cm air at 0.00129 g/cc

3. ¢ 5.1 cm elastomer at 0.715 g/cc
c¢' 299.7 cm air at 0.00129 g/cc

4. ¢ 5.1 cm elastomer at 0.715 g/cc
c' 60.96 cm foam at 0.0318 g/cc
c" 238.7 cm air at 0.00129 g/cc

5. 5.1 cm elastomer at 0.175 g/cc

c
c' 243.84 cm foam at 0.05560 g/cc
c" 55.82 cm air at 0.00129 g/cc

6. ¢ 5.1 cm elastomer at 0.715 g/cc
’ c' 304.8 cm foam at 0.05085 g/cc

7. Same shielding as Case 6.

*Note: ¢, c¢', c" - represents air heights after stages of foam placement.
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TABLE 5.2.2

RADIATION DOSE RATES ONW CENTER OF SILU

MEASURED - 250 MR/HR. @ CONTACT
150 MR/HR, @ 3'

CaLCULATED - 191 MR/HR. @ 80 cm
CALCULATED WITH ELASTONER IN PLACE - 86 MR/HR.
CALCULATED WITH ALL FOAM IN PLACE - 34,1 MR/HR,

CALCULATED WITH ALL FOAM IN PLACE AND EQUILIBRIUM
RE-ESTABLISHED - 78.9 MR/HR.
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Construction

Operation

- TABLE 5.2.4

MAN MILLIREM ESTIMATE

Silo #1
Install Containments 800
Remove Covers 1200
Install Covers 800 ,
2800 2800
Silo #2 2800
Install ‘Ducting 240
Install TV Camera 700
Test of Rn System 360
Radon System Operation : 300
Silo #1
Ventilate 360
Elastomer 1150
Inspection 200
Rigid Foam 500
Inspection 190
Caulk 400
Flexible 600
Rigid 80
Cleanup 150
Dome Protect 350 ‘
3980 3980
Silo #2 3980
Waste Transport 50
Demobilization 50
15,260
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| | TABLE 5.2.3

ALARA CONSIDERATIONS

ENVIRONMENT
0 CARBON ABSORPTION SYSTEM
0 FOAM RADON ATTENUATOR
0 FOAM RADIATION ATTENUATOR

WORKERS

0 TIME REDUCTION

PRE-JOB ENGINEERING

PRE-ASSEMBLE AS MUCH AS POSSIBLE OFFSITE

USE OF QUAL.TY WORKMEN

PRE-PLAN JOB TO MINIMIZE WORKER T"ME ON SILC:

0 DISTANCE

- REMOVE RADON FROM SILO TO CARBON FOR FOAMING
OPERATIONS

- KEEP WORKERS OFF DOMES TO THE MAXIMUM EXTENT
PRACTICABLE

- KEEP FOAM TRUCKS, OPS TRAILER, CONTROL ROOM -
AWAY FROM RADIATION AREAS

- REMOTE TV VIEWING

0 SHIELDING
~ INSTALL SOILBOX SHIELDING AROUND VENTILATION

BUILDING
BALANCE QuUALITY (REDUCE REWORK) VS, DOSE REDUCTION
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SECTION 6.0
TOXIC CHEMICAL REVIEW
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Chemicals:

TOXIC CHEMICAL REVIEW
FOR POLYURETHANE FOAM SYSTEM

MDI, Diphenylmethane diisocyanate
‘Polyol

Dichlorodifluoromethane

Methylene chloride

Polyurethane foam finished product

w.ae following discussion of hazardous properties f~ <che foam chemicals was

derived from the attached references 1-6. The in. .rmation is believed to be

accurate; however, it is possible that it does nc. =flect the most current

information available for the materials, Nonethel=ss, it can serve as a

guideline for the recognition of potential hazards.

Each of the chemicals to be used in the foaming operation can be hazardous if

handled improperly; however, with the correct personnel protective equipment,

careful handling procedures, and conscientious attitudes, the foaming

operation can be performed safely.

MDI, DIPHENYLMETHANE DIISOCYANATE

Of the materials used in the foaming operation, MDI is the principal

contributor to toxicity. Inhalation of MDI vapors or mists must be avoided.

According to the Upjohn Bulletin 107, symptoms of overexposure can range from

coughing and respiratory irritation to chemical pneumonia, depending on the

level of exposure. The Threshold Limit Value (TLV) for MDI is 0.02 parts per

million (ppm). In the range of 0.02 to 0.1 ppm some individuals will

experience irritation. At 0.1 to 1.0 ppm respiratory irritation will occur in

most cases.

Above 1.0 ppm acute toxic effeéts are probable.

Skin contact should also be avoided. MDI can cause redness, swelling, and

blistering if not removed promptly.

MDI is only slightly toxic if ingested. The Upjohn Bulletin gives an LD5O for

rats of 5.8 grams per kilogram of body weight.

The flash point of MDI is U25°fF, and MDI i. considered a Class III B

combustible material by the National Fire Protective Association (NFPA). MDI

NEW:DH-1(1)
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will burn if exposed to a preexisting fire, producing isocyanate vapors and
toxic fumes. MDI decomposes rapidly at temperatures above U450°F to hazardous

products such as HCN and benzene.

Contact of MDI with water, ammonia, alcohols, amines, and alkalis must be
avoided. Resultant reactions and polymerization of MDI occur quickly when
contacted witb these materials. Gaseous products produced will rupture a
closed MDI storage container. The Foam Enterprises MSDS recommends that
spills be cleaned up by covering with an absorbent material such as
vermiculite or sawdust, then treating in an open top container with aqueous

ammonium hydroxide. The area must be well ventilated during treatment.

PROTECTIVE EQUIPMENT

For froth/pour operations such as those at the K-65 silo operation, it is

unlikely that MDI mist will be generated. In the vapor space of the silo,
however, the.vapor concentrations of MDI could exceed 0.04 ppm. Operators
will be working outside the silo manway; however, a chemical respirator with
an organic vapor cartridge will be necessary if MDI vapor concentration
exceeds 0.02 ppm at the manway. Chemical goggles or a face shield should be
worn for eye protection. Normal protective clothing is necessary, including

gloves if hand contact is likely.

The following emergency procedures are summarized from Upjohn Chemicals

Bulletin 107.

Persons exhibiting signs of overexposure to MDI vapor should be moved to fresh
air immediately. If breathing is labored, oxygen should be administered by
trained personnel. If breathing stops, apply artificial respiration. Get

medical attention in any case.

If MDI is splashed in eyes, flush with copious amounts of water for at least
15 minutes and obtain medical attention. If contact occurs from a major
spill, remove contaminated clothing and shower with water. Wipe affected
areas with rubbing alecohol and follow with soap and water. For minor contact,

wipe off with rubbing alcohol and wash with soap and water. Skin may show a

:DH-1(2
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harmless brown discoloration which is temporary. Seek medical attention if .

reddening and swelling occur.

POLYOL

Upjohn reports that polyols used in polyurethane formulas "are believed to be
relatively innocuous and present no known significant physiological risk."
They also report that "since toxicological data on polyols are limited, they

should be handled with caution.”

Minor irritation will result with eye contact and no ill effects are

assocliated with skin contact.

Foam Enterprises reporﬁs that their polyol MG2-B is stable under normal

working conditions. Its flash point is greater than 300°F; however, it will

burn and carbon monoxide will be produced.

Chemical goggles and rubber gloves are recommended for handling the

material. If eye contact occurs, eyes should be flushed for 5 minutes with '
water and medical attention received if irritation persists. Soap and water

Wwill remove polyols from the skin. If ingested, induce vomiting and seek

medical attention.

. For spill cleanup, soak up with absorbent material and dispose of by

incineration.

DICHLORODIFLUORQOMETHANE

The blowing agent used in these foams is dichlorodifluoromethane, sometimes

called Fluorocarbon 12. Concentrations used in the foams vary to control
density. Light density foams use about U4 percent by weight blowing agent

according to vendor information.

Fluorocarbon 12 is a gas above -20°F and is toxic in relatively high

concentrations. The TLV for this material is 1000 ppm. Exposure to high

concentrations can cause loss of feeling, unconsciousness and possibly death
in extreme cases. The fluorocarbon is heavier than air and can displace air ‘

in low lying areas.

000081
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The Allied Corporation Product Safety Data Sheet reports that if Fluorocarbon
12 is handled as a liquid, exposure to skin and eyes could lead to

frostbite. When handling the liquid, rubber gloves and chemical goggles are
recommended. Respiratory protection is not necessary unless handling in a
closed or low lying area, in which case self-contained breathing apparatus

should be used.

Fluorocarbon 12 is not flammable but will decompose at high temperatures to
harmful products such as phosgene. Welding and smoking must be avoided in

areas where this material is in use.

Dichlorodifluoromethane has an EPA hazardous waste number of U075 and
reportable spill quantity of 5000 pounds. The amount to be used as a blowing
agent for the foam process will be 8,000-12,000 pounds. It is unlikely that a

significant percentage of this will escape into the atmosphere.

METHYLENE CHLORIDE

Methylene chloride is used as a solvent to clear the foaming lance of

polyurethane reactants after a foaming operation. It is a non-flammable,
colorless liquid with a low boiling point (104°F) and high vapor pressure
(340 mm Hg at 20°C).

Qverexposure to methlyene chloride vapors causes narcotic effects and chemical
asphyxia in extreme cases. The latest information reports a TLV of 100 ppm in
air. Repéated skin contact can cause irritation. Eye contact is painful and
irritating although corneal damage is not likely to occur. The LD50 for
ingestion by rats is 1.6 gm/kilogram which translates to about 3 ounces for a

150-pound person.

In case of contact with eyes and skin, wash with water thoroughly and if
irritation persists, get medical attention. In case of inhalation
overexposure, remove person to fresh air and get medical attention. If

ingested, induce vomiting and get medical attention.

NEW:DH-1(4) e ' 000082



Methylene chloride i nemically stable under normal conditions. Exposure to ‘

heat sources could r=. -t in release of carbon monoxide, HCl vapors, and

phosgene gas. Small spills should be cleaned up with an absorbent material,
which will then be moved outdoors where it can evaporate safely. Large spills

should be diked and transferred to closed metal containers.

The A hazardous waste number for methylene chloride is U080 and its
reporcable sgill quantity is 1,000 pot '3. The use of methylene chloride for
this project is limited to the amount:s ..ecessary to clear the foaming lance
after system shutdowns. 50 to 100 gallons of methylene chloride waste may be
generated during the job.

POLYURETHANE FINISHED PRODUCT

Extensive testing results reported in the Upjohn Bulletin have shown the
polyurethane foam product to be non-hazardous with respect to eye and skin
contact and ingestion. Inhalation of polyurethane dust should be avoided but
ceisequences are no more serious than inhalation of dust from ary non-

hz ' -~dous source. A wealth of information has heen reported by Upjohn and ‘

Mobay Corporation on risks of polyurethane fires. The major risk of the

polyurethane product is combustibility and resultant thermal decomposition
products. The autoignition temperature of most polyurethane foams is 600 to
700°F. Carbon monoxide is the major decomposition product released in
polyurethane fires. Smaller amounts of carbon dioxide, nitrogen oxide, and
hydrogen cyanide are produced. Carbon monoxide, because of its higher

concentration, is considered the principal toxicant in these fires.

Self-contained breathing apparatus should be worn by anyone fighting fires
involving polyurethane. Water is the best extinguishing media because it
penetrates the foam most effectively. Other extinguishing media such as

carbon dioxide, dry chemical, or foam are effective for small-scale fires.

000083
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o Eves iy % o wah pierty of water Mot paranent
N . hokd coen anc S
F SWALLOWED and victrm 8 CONSCIOUS, have vicm anvm water 1.7 Molar Retio (Resctant o
or rmuii

Producty Deta not avadabie
74 Reactivity Qrowgx 36
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DICHLOROMETHANE

a 159

12.17 12.18 12.19 12.20
SATURATED LIQUID DENSITY UQUID HEAT CAPACITY LIQUID THERMAL CONDUCTIVITY UQuUID VISCOSITY
. 4 . British thermal
Temperature Pounds cubic Temperature British thermal unit Temperature o Temperature e
(degrees F) oot (degrees F) per pound-F (degrees F) “"“s;u"g,"ep&:jg“" (degrees F) Centipoise
—70 91.320 35 274 —110 1.205 N
—80 90.700 40 275 —100 1.192 [o)
—50 90.080 45 276 -850 1.178 T
—40 i 89.450 50 277 —80 1.166
—30 88.830 55 278 —70 1.154 P
—20 88.200 60 279 —60 1.141 E
—10 87.580 65 279 —50 1.128 A
0 86.959 70 .280 —40 1.115 T
10 86.330 75 281 —30 1.102 1
20 85.709 80 282 —20 1.090 N
30 85.080 85 .283 —10 1.077 E
40 84.459 %0 284 ] 1.064 N
50 83.830 95 284 10 1.051 T
60 83.209 100 285 20 1.038
70 82.589 30 1.025
80 81.959 40 1.013
90 81.341 50 1.000
100 80.709 60 087
70 974
80 .961
{
1
|
12.22

12.21
SOLUBILITY IN WATER

SATURATED VAPOR PRESSURE

12.23
SATURATED VAPOR DENSITY

12.24
IDEAL GAS HEAT CAPACITY

Temperature Pounds per 100 Temperature Pounds per square Temperature Pounds per cubic Temperature British thermai unit
(degrees F) pounds of water (degrees F) inch (degrees F) toot {degrees F) per pound-F
68.02 ‘ 1.380 —10 .866 —10 01525 0 126
| -5 1.013 -5 .01763 10 129
i ] 1.180 o} .02031 20 131
5 1.370 5 .02333 30 133
10 1.586 10 02671 40 135
15 1.830 15 .03050 50 137
20 2.105 20 03472 60 139
25 2414 25 .03941 70 142
30 2.762 30 04462 80 144
35 3.151 35 05039 90 .145
40 3.585 40 .05676 100 147
45 4,068 45 06378 110 149
50 4.606 50 07149 120 151
55 5.201 55 07996 130 153
60 5.860 60 .08922 140 185
65 6.588 65 09934 150 156
70 7.389 70 11040 160 158
75 8.270 75 12240 170 159
80 9.237 80 .13540 180 161
85 10.300 85 14960 190 163
200 164
210 165
220 167
230 .168
240 169
250 AN
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- MATERIAL SAFETY DATA SHEET T ~e

o (APPROVED BY THE U.S. DEPARTMENT OF LABOR AS — "essentially similar” to form OSHA-20)

! ' FORM No. 100546‘4I

© Section 1—NAME & PRODUCT

Manufacturer’'s Name City, State and Zip Code ) Emergency Phone No. 24 hours
DOW CHEMICAL US.A. . Midland, Michigan 48640 517-636-4400
amuany 30. 1975 INORGANIC CHEMICALS DEPARTMENT
Trade N e - S

ade Name ,Methylene Chlonde Techmcaﬁ ynenyms

® Section 2—INGREDIENTS — TYPICAL VALUES WT. %

Methylene chloride, essentially

® Section 3—PHYSICAL DATA

BOILING POINT {°F.) 104 (39.8°Q) SOLUBILITY IN WATER 2.0g/100g_at 25°C
VAPOR PRESSURE (mm Hg at 20°C) 340 SPECIFIC GRAVITY (H20 : 1) 1.320 at 25/259C
VAPOR DENSITY (air : 1) 2.93 % VOLATILE 8Y VOLUME 100 (essentiallv)

appearance  Colorless liquid

© Section 4 —FIRE AND EXPLOSION HAZARD DATA

Flash Point {and method used) Flammabie Limits (STP in air) —Vol. %

°F L.F.L. U.F.L.
EXTINGUISHING Water ’ Alcohol Dry
MEDIA D Fog D Foam D Foam E] CO: D Chemical C Cther

Special Fire Fighting Protection Equipment and Hazards

Self-contained respiratory equipment.

® Section 5 —REACTIVITY DATA

Conditions to avoid
M See Journal of Chemical and Engineering D 89-93 (1972) for flammat
{Normal Conditions) ee Journal o emical and Engineering Data 77 (1) 89-93 (1972) for flammat
X limits at other than standard temperature and pressure.
STABLE UNSTABLE
Materiais to avoid
INCOMPAT- O water (] Acid [JBase (] corrosive (] oxidizing Material
18ILITY Other

Hazardous Decomposition Products  Qpen flames and welding arcs can cause thermal degradation with the evolution of hydrogen ch
and very small amounts of phosgene and chlorine.

Conditions to avoid
M R
HAZARDOUS Ay occu

POLYMERIZATION |X |  wiLL NOT OCCUR

® Section 6—SPILL OR LEAK PROCEDURES —USE PROPER PROTECTIVE EQUIPMENT

Steps to be taken in case material is released or spilled

Smait spifis: mop up, wipe up or soak up immediately. Remove to out of doors.
Large spills: evacuate area. Contain liquid; transfer to closed metal containers. Keep out of water supply. !\

Disposal Method

Send solver: to a reclzimer. In some cases it can be transported to an area where it can be placed on the ground and
allowed to =zvaporate :afely. Refer to Chemical Safety Data Sheet SD-86, Manufacturing Chemists Association, 1825 Con-

necticut Avénue, Viashington, D.C. 20009.
000087
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.varyiene Chloride, Technical DOW CHEMICAL U.S.A

MATERIAL SAFETY DATA SHEET (Continued) Midland, Michigan 48640

© Section 7—HEALTH HAZARD DATA - 5_94_5
Ingestion .

‘w LDs5qo (rats) 1.6 g/kg. It is estimated that a dose of one ounce to one pint may be fatal to a 150 pound person.

Eye Contact

Painful and slight irritation. Corneal injury unlikely.

Skin Contact
Short contact — no irritation.  Prolonged or frequently repeated contact — possible irritation. If confined to skin — may caus
a burn.

Skin Absorption

Very low. Hazard not significant.

inhalation

1v: Proposed TLV is 100 ppm (1974)

Effects of Overexposure

Increasing signs of anesthesia above 300 ppm in the atmosphere.

EYES AND SKIN: Flush with plenty of water. Get medical attention if irritation develops.

INHALATION: If illness occurs, remove patient to fresh air, keep him quiet and warm. Get medical CAUTION:
attention. If breathing stops, start artificial respiration. :e‘:er give
uigs or
INGESTION: Induce vomiting. Call a physician immediately.* induce
vomiting
CAUTION: With some solvents, drinking alcohol shortly before, during or after exposure may cause it patient is
undesirable effects. or having

convulsions

!‘msr AID PROCEDURE

® Section 8 —SPECIAL PROTECTION INFORMATION

Ventiiation

Limit concentration in air to TLV.

Respiratory Protection Below |00 ppm — none; respiratory FrotectiQn required in the absence of environmental control. For levels up to 2
percent for 1/2 hour or less, a suitable full-face mask with organic canister should be used. Above 2 percent and for emergencies, use a
self-contained breathing apparatus, -
Protective Clothing

No special protective clothing needed.

EYE Not normally Safety glasses Safety giasses Chemical
PROTECTION (] necessary {X] without side shields [ with side shields (1 workers’ goggles
@ oher Eye wash stations and safety showers should be readily available.

D Gas tight goggles or equivalent
® Section 9— SPECIAL PRECAUTIONS OR OTHER COMMENTS

Exercise reasonable care and caution. Avoid breathing vapors. Store in cool place.

*NOTE TO PHYSICIAN: Overexposure to many of the chlorinated solvents, especially if accompanied by anoxia, may tempor.
increase cardiac imitability. Maintain adequate oxygenation until recovery. Avoid sympatomimetic amines, such as epinephrine,
which may precipitate arrhythmias.

OTICE: The information herein is given in good faith but no warranty, express or implied, is made.
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U.S. DEPARTMENT OF LABOR

Occupational Safety and Health Administration

MATERIAL SAFETY DATA SHEET

Form Approved
OMS No. 44-R1387

Required under USD_L Safety and Health Regulations for Ship Repairing,
Shipbuilding, and Shipbreaking (29 CFR 1915, 1916, 1917)

SECTION |

MANUFACTURER'S NAME

EMERGENCYX TELEPHONE NQ.
Chemtrec 800-424-9300

FOAM ENTERPRISES, INC.
‘Numb S nd ZIP C
A Y M e R S S A “librs. , My, 55441
CHEMICAL NAME AND SYNC YMS TRADE NAME AND SYNONYMS
MDI P .2 _Polvisocvanate FE 801 A
CHEMICAL FAMIL FORMULA

Aromatic Isocyanate

QCN-CgH 4 —CHo~C o4 =NCO ‘g; SH!‘GOQNz) ‘

SECTION i1 - -~ 2ZARDOUS INGREDIENTS

) LY

*

PAINTS, PRESERVATIVES, &L SOLVENTS % {nizg) ALLOYS AND METALLIC COATINGS % (UM;%L-
PIGMENTS BASE METAL
CATALYST ALLOYS
VEHICLE METALLIC CC .5
o FILLER METAL. -
SOLVENTS ' PLUS COATING .. CORE FLUX
ADDITIVES OTHERS
OTHERS
- LV
HAZARDOUS MIXTU1:8 OF OTHER LIQUIDS, SOLIDS, OR GASES % {Units)
Diphenvylmethane Diisocyanate ™~ 5010.02
PPM
SECTION il - PHYSICAL DATA
BOILING POINT (°F.) 406 SPECIFIC GRAVITY (H30e1) 1.24
PERCENT, VOLATILE
VAPOR PRESSURE (mm H9.) o ZSOC <0 .0001 | av voLuUME (%) Nil
EVAPORATION RATE )
VAPOR DENSITY (AIR=]) 8.6 0 1) Nil
SOLUBILITY IN WATER Nil

APPEARANCE AND ODOR Dark Brown viscous liquid. Very slicht aromatic odor.

SECTION IV - FIRE AND EXPLOSION HAZARD DATA

FLAMMABLE LIMITS

FLASH POINT (Method used)

425° p, () )

EXTINGUISHING MEDIA . ;
CO2 - Dry Chemical - Chemical Foam

CIAL FIRE FIGHTING PROCEDURES

e usual fireman's body protection should be worn as well as self-

contalned breathing apparatus to protect from vapors from product.

UNUSUAL FIRE ANL. ZXPLOSION HAZARDS
. . None

P W WaVWaWalal

\UAVAULS fo 2o

Form OSHA-20

adav 72

PAGE (1) (Continued on reverse side)
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SECTION V . HEALTH HAZARD DATA
0.02 ‘

Irritation of respiratory tract resulting in
sinusitis, bronchitis and asthma.

THRESHOLD LiMIT VALUE

| EFFECTS OF OVEREXPOSURE

EMERGENCY AND FIRST AID PROCEDURES .
Inhalation: Treat symp;omatlcally, vaso-dilators; oxygen, call

physician. Skin contact: Wash with soap and water. Alcohol

helpful. Egye contact: Flush with water at least 15 Minutes. call

ToT
SECTION VI - PEACTIVITY DATA

STABILITY CONDITIONS TO AVOIOD

UNSTABLE Water contamination. 4502 F. or higher,
STABLE X '

INCOMPATABILITY (Materials to avoid) i .
Water, strong bases, metal compounds, amines.

HAZARDOUS DECOMPOSITION PRODUCTS ‘
CQ2, henzene, toluene, axides of nitrangen, HCN, acetaldenyne, acetaone

. CONODITIONS TO AVOID
HAZARDOUS MAY OCCUR

POLYMERIZATION o -
WILL NOT OCCUR X May form CO2 gas pressure.

SECTION VII - SPILL OR LEAK PROCEDURES

STEPS TO 8BE ‘I"AKEN IN CASE MATERIAL IS REEEASED OR SPILLED . .
_Cover with absorbent material (sawdust). Place in ogpen top container

or plastic sheet and treat with aqueous ammonium hydroxide and/or

alcohol. Ventilate area. Evacuate personnel.

WASTE DISPOSAL METHOO ) - )
Bury expended absorbent material in a chemical land

fill area after wetting with water in an open area.

SECTION VIl - SPECIAL PROTECTION INFORMATION

RESPIRATORY PRQTEC'”ON {Spgc,/y [yee} .
Self contajined breathing apparatus or gas masks for organic vapors.

LOCAL EXHAUST SPECIAL
VENTILATION Minimize vapors to TLV.

MECHANICAL (General) OTHER

PROTECTIVE GLOVES EYE PROTECTION
Rubber or PVC Chemical goggles.

OTHER PROTECTIVE EQUIPMENT

SECTION IX - SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEQ iN HA.NDLING AND STORING s
Must bhe stored in tightly closed containers and protected from moistuy

Avoid temperatures above 90°FF, or below 60° F.

OTHER PRECAUTIONS

PAGE (2) : : . Form OSHA-20
QPO 93.540 ] . OOOOSO Rev. May 72



.+ .. U.S. DEPARTMENT OF LABOR .
Ooccupational Safety and Health Adminiitration

MATERIAL SAFETY DATA SHEET

Porm Approved
OMB No. 44-R1387

Required under USD.L Safety and Hesith Reguistions for Ship Repalring,
Shipbuilding, snd. Shipbraaking (28 CFR 1916, 1818, 1917)

SECTION |
MANUFACTURER'S NAME EMERGENCY TELEPHONE NO.
FOAM ENTERPRISES, INC. Chemtrec 8006424-9300
AD '‘Number, Si City, State, and ZLP Code,
| P WATERTOWRR ¢t ROLE S.. MN, 55441
CHEMICAL NAME AND §YNONYMS TRADE NAME AND SYNONYMS
Pol*?ls or Resin MG2-B
HEMI AMILY ) FORMULA ]
Polvether & Polyester Triol Mixture & DProprietary
SECTION iI - HAZARDOUS INGEEDIENTS
PAINTS, PRESERVATIVES, & SOLVENTS | % | TV ALLOYS AND METALLIC COATINGS % | sy
PIGMENTS BASE METAL
CATALYST Primary Amine {1 10 | awovs
VEHICLE PPM | uerauuic coaTings

F ER METAL
SOLVENYTS Flyorocarbon 11B <B0 {1,000 9&}5 COATING OR CORE FLUX

PPM

PLASKH POINT (Method used)

AODITIVES OTHERS
OTHERS ‘
HAZARDOUS MIXTURES OF OTHER LIQUIDS, SOLIDS, OR GASES % | (Uniwu)
SECTION il - PHYSICAL DATA
oonum; POINT (°F.) > 300°F. ] SPECIFIC GRAVITY (H30%1) s 1.2
VAPOR PRESSURE (mm el @ 700 F. & 700 ) By wOLLME 1 | < 30
VAPGR DENSITY (AlRe1) £5.85 1/gfvAPORATIOR naTk N/A
SOLUBILITY IN WATER P 50%
APPZARANCE AND QDGR Amber liquic with a slight odor.
SECTION IV - FIRE AND EXPLOSION HAZARD DATA
FLAMMABLE LIMITS Lal Vel

~ 300°F. Open Cup

EXTINGUISHING MEDIA B
Water Fog - CO, - Dry Chemical - Foam

SPECIAL FIRE FIGHTING PROCEDURES

DO NOT BREATH SMOKE WHEN BURNING

UNUSUAL PIRE ANO EXPLOSION HAZARDS

J

000031
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SECTIONV - HEALTH HAZARD DATA

THRESHOLO LIMIT VALUE
NONE

EFFECTS OF OVEREXPOSURE

EYE CONTACT: Minor irritation, but no corneal injury.
"SKIN CONTACT: Essentially no irritation. :

EMERGENCY AND FIRST A)D PROCEDURES
EYES: Flush with plenty of water for five minutes.

SKIN: Wash with soap and water.

INGESTION: Induce vomiting and get medical help.

SECTION VI - PEACTIVITY DATA

STABILITY UNSTABLE CONDITIONS TO AVOID

STABLE XX STABLE UNDER NORMAL HANDLING CONDITIONS

INCOMPATABILITY (Marerils to avold) v 11y 7 7 ING MATERIAL AND STRONG ACIDS

HAZARDOUS DECOMPOSITION PRODUCTS CO and COZ
) CONDITIONS TO AVOID
HAZARDOUS MAY OCCUR
POLYMERIZATION
WILL NOT OCCUR XX

SECTION Vil - SPILL OR LEAK PROCEDURES

STEPS TO BE TAKEN IN CASE MATERIAL IS RELEASED OR SPILLED
APPLY OBSORBENT MATERIAL SUCH AS SAWDUST. RINSE AREA WITH DETERGENT

SOLUTION AND WATER.

WASTE DISPOSAL METHOD INCINERATE

SECTION VIl - SPECIAL PROTECTION INFORMATION

RESPIRATORY PROTECTION [Spgc]/y type)

VENTILATION LOCAL EXHAUST SPECIAL
MECHANICAL (Generai) ACCEPTABLE - - OTHER
PROTECTIVE GLOVES EYE PROTECTION
RUBBER OR P.V.C. CHEMICAL GOGGLES

OTHER PROTECTIVE EQUIPMENT EYE BATH AND SAFETY SHOWER

- SECTION IX - SPECIAL PRECAUTIONS

PRECAUTIONS TO BE TAKEN IN HANDLING AND STORING

AVOID SKIN AND EYE CONTACT.

OTHER PRECAUTIONS

PAGE (2) o - 4 ' Form OSHA-20
GPO 91.540 ’ 000092 Rev. May 72 ’



ENGINEERING STUDY OF THE K-65 STORAGE SILO RADON MITIGATION AND .
DOME REINFORCEMENT PROJECT AT THE FEED MATERIALS PRODUCTION CENTER.

Submitted By:

IT Corporation - Nuclear Services
312 Directors Drive
Knoxville, Tennessee 37923
for
Advanced Sciences, Incorporated
107-F Jefferson Avenue
Oak Ridge, Tennessee 37830

August 20, 1987
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SECTION 7.0
AIR QUALITY ASSESSMENT AS DEFINED BY PTI

000094

&

cn_'l
GR



ror 0{fize Use Calv

For Gifice Use Onlv
Check Appropriate b.x(es)

‘4 i Air Discharge PTI Application No.

___ Water Discharge to Hew Date Received
Source Treatment Works

____ Solid Waste Disposal Facility | Premise No.

Hagardous Waste Disposal Facility

OHIO ENVIRONMENTAL PROTECTION AGENCY
Application for Permit to Install

U. S. Department of Enerqy, Feed Materials Production Center
Epplicant's Name

P. 0. Box E
Mailing Address

Oak Ridge N : 37831 615/576-0845
City County State Zip Code Telephone Kumber

M< . Maroaret Yilson. Fnviror. Fnaineesr, Environmental Protection Division 615/576-0845

Person to contact (Hame and Title and Telepnone HNumber)

. Feed Materials Procduction Center, 7400 Willey Road ‘
Fernald : Hamilton 43030

City or Township County LZip Code

Directions: A Permit to Install is required for new or modified sources
of polluticn under the provisions of OAC Rule 3745-31. An application
cannot b2 considered complete unless all applicable questions are answersd
and “the required information hes been submitted. This application musti be
signed in accoréznce with OAC Rule 3745-31-04(B) or it cannot bs accepted.

Applicants for parmits involving air emissions or wasteswater treztment
facilities will be required to pay a pzrmit to install fee &s shown in
Section 3745.11{5) and (C) of thes Ohio Revised Code. This fee is payeble
fiftean days after the date of final issuance of the permit.

!
Hy
T

-t

|
néme 0

new or modified source or facility: K-65 Silo (storage tank)

Product of new or modified source/facility: K-65 & Australian Radium Cake

Will the proposed source/facility involve any of the following: Check all that apply.

g

Air Discharge

B. _ Wastewater Treatmant Works
C. ___ Solid Waste Disposal Facility
D. Hazardous Waste Disposal Facility ‘
*Evample: "The source will be constructed on a 20 Acre plot to be located on
TIrL 2150 Franklin Township Road Ho. 17, azoroximatelv 1 1/2 miles porth of

000095



8975

Under OAC 3745-31-04, these signatures shall constitute personal affirmation
that all statements or assertions of fact made in the application are true and
complete, comply fully with applicable state requirements, and shall subject the

signatory to liability under applicabie state laws forbidding false or
misleading statements.

Authorized Signature (for facility) Date

James A. Reafsnyder (DOE)
Site Manager
Title

U. S. Department of Energy
Oak Ridge Operations QOffice
P. 0. Box E

Qak Ridge, Tennessee 37831
Address

- 00009¢
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FMPC K=-65 Silo Modification PTI (Rev. 1, 20 Aug 87) Page 1

OHIO ENVIRONMENTAL PROTECTION AGENCY
Application for Permit to Install

US DOE Feed Materials Production Center
Fernald, CH

K-65 Storage Tank Modificat:ion

FOR ALL PERMITS TO INSTALL

1. Describe the product or service to be produced by the applicant along
with a description of the proposed sourc " cility.

" Previously installed and currently operating storage tanks at the
USDOE FMPC, Fernald, OH are to be modified to provide radon emission
control and structural reinforcement. The tanks (K-65-1 and K-65-2)
contain residue principally resulting from the processing of
pitchblend ore. The tz%s have bec . found " need repair. The repair
procedure, simply stat:sd, involves filling ‘he void above the residue
with several layers of polyurethane foam to provide structural
reinforcement. The procedure will also provide for removal of the
radon gas in the silos, and the foam will greatly reduce emanation of
radon continually generated by the residues.

2. List the name and quantity of all materials and chemicals (solid,
liquid, or gaseous) that will be used or produced by the source/facility.

The residue from the pitchblend processing contains Radium-226, which ‘I
produces the noble gas Radon-222. The Radon gas is in a
semi-equilibrium state, in which radon is produced and routinely
emitted to the atmosphere through the silo dames. ‘

It is estimated that there are approximately 37 Curies of radon with
associated dsz:ghter products in the air space in each silo. Following
the application of a closed-cycle filtration swztem, *his quantity
will be reduced to approximately 0.4 to 4.0 7. rie: ~.r sil.. Whex the
void above the residue is filled with :.am, .e gaseous mixcture
containing the remaining radon will be forced from the silos,
temporarily creating a source of radioactive emissions. However,
following the foaming procedure, the emissions from the silos should
be virtually eliminated.
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FMPC K-65 Silo Modification PIT (Rev. 1, 20 Aug 87) . Page 2

3. State the reason for the application. Is this a new installation,
modification to an existing source/facility, reconstruction of an existing
source/facility, or startup of a source/facility that has been permanently
shutdown for years?

This is a modification to an existing permitted source.
4. Has a previous Ohio EPA application or plan submission been filed for
this source/facility? If so, state the date and type of the application
previocusly sulmitted.

An application for a Pemmit to Operate each tank was filed on 5/1/8S.

PTO’s were issued by OEPA on 2/14/86.
5. Will the proposed source/facility comply with all rules, laws, and
regulations of Chio EPA and US EPA?

The proposed modification of the facility has been designed to comply

with all applicable rules, laws and regulations of the Ohio EPA and
the US EPA. ’

FOR ATR POLLUTION SOURCES
6. State the amount of each air contaminant (actual emissions) from each
source in pounds per hour and tons per year at maximum and average
conditions.
The modification process will produce an intermittant emission of
Radon~222 (and associated daughter products) in response to the foam
filling process. The emission rates are estimated to be as follows:
Hourly (Ci/hr)
Average: 0.02 Ci/hr
Maximum: 0.31 Ci/hr
Anmaally (Ci/yr)

Average: 8 Ci/yr
Maximm: 8 Ci/yr
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FMPC K-65 Silo Modification PTI (Rev. 1, 20 Aug 87) Page 3

7. Are the proposed sources required to comply with the following
federal requirements?
i. New Source Performance Standards (NSPS) ‘
ii. National Emission Standards for Hazardous Air Pollutants
(NESHAP)
iii. Prevention of Significant Deterioration (PSD)
iv. Appendix '"s" - Emission Offset Policy

Radiocactive sources are required to camply with Federal requirements
under NESHAP; however, the principle constituant of concern will be
Radon, which is exempt.

None of the other listed requirements apply.

8. Will the proposed sources employ best available technology?

The source will employ BACT to control the emissions. The gaseous
effluent will be filtered in a closed-loop charcoal adsorbent system
to reduce the amount of radiocactivity in each silo from about 37 Ci to
between 0.4 and 4 Ci, which is 1.5% - 15% of the original quantity,
pricr to any release to the atmosphere.

9. Will the proposed sources cause the significant degradation of air
quality?

No.

10. Will the proposed sources interfere with the attaimment and
maintenance of the ambient air quality standards?

No.

11. Describe any source monitoring, emission monitoring, or control
equipment monitoring devices to be installed by the applicant.

Monitoring will be performed at several stages of the process.
Historically, monitoring was conducted from 20 Sep 84 to 5 Feb 85 in
the environs of the K-65 Silos by Monsanto-Mound. Time integrated
measurements of Radon in air around the K-65 silos were conducted
utilizing charcoal canisters and Passive Envirommental Radon Monitors
(PERMS) . In addition, a Radon-222 and Radon-220 (thoron) monitoring
program, utilizing alpha sensitive plastic detectors, has been
implemented by the FMPC for the fenceline and offsite environs.
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‘ FMPC K-65 Silo Modification PTI (Rev. 1, 20 Aug 87) Page 4

Prior to the foam injection process, a closed-cycle radon gas
treatment/circulation system will be used to minimize the amount of
Radon gas to be released to the enviromment during the foaming
operation. The Radon treatment system will have upstream and
downstream monitors to determmine the efficiency of the treatment
system. _

The Radon monitoring program currently in operation will be used to

determine ambient concentrations resulting fram the modification
process.

12, Will the proposed sources involve the use of asbestos, benzene,
beryllium, mercury, or vinyl chloride?

No.

13. Camplete and attach an anticipated construction schedule for each
proposed source.

See attached.

14. Please include the estimated cost of any air pollution control
equipment to be installed on the proposed sources.

The closed-loop Radon treatment system will cost about $200,000, and

the foam injection process, including labor and materials, will cost
about $600,000.

15. An appendix for each air contaminant source must accampany this
application. From the following description of the appendices, detemmine
which should accompany your application.

Appendix A. Process Data is attached.

Py 000100
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OHIO ENVIRONMENTAL PROTECTION AGENCY

INSTALLATION SCHEDULE
TO ACCOMPANY APPLICATION FOR PERMIT TO INSTALL

THIS FORM CONSTITUTES PART OF THE APPLICATION OF:

FACILITY NAME: Feed Materials Production Center

ADDRESS: 7400 Willey Road, Fernald, OH 45030

FOR A PERMIT TO INSTALL THE FOLLOWING AIR CONTAMINANT SOURCE:
IDENTIFICATION: K-65 Silo Modification

DESCRIPTION: Radon Mitigation and Dome Reinforcement

®

THE 14STALLATION OF THE ABOVE AIR CONTAMINANT SOURCE 1S PLANNED TO FOLLOW THE TiM
SCHEDULE DESCRIBED BELOW:

DATE
1. EQUIPMENT ORDERED - - = = = = = = - - - 7 Aug. - 21 Sept. 87
2. COMMENCE CONSTRUCTION - - - - - - - - - 21 Sept. 87

3. STARTUP = = = = = = = = = = = = = = - - _ 21 Oct. 87

4. PERFORMANCE TESTING - - - - - - - - - - 15-21 Oct. 87
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sr Official Use Only

remiise No. / /] APPENDIX A, PROCESS
surce No. /

oplication ko. ___] PROCESS DATA

(U]
.

1.

[AV]
.

Fr)

A

.

. wne of process Modification of FMPC Storage Tanks

5975

End product of this process_Foamfill & Sealant

Primary process equipment  Foam Injection System

Your identification N/A i Year Installed 1987

Manufacturer N/A Make or model N/A

Capacity of equipment (1bs./hr):  Rated N/A Max. N/A

Method of exhaust ventilation: 7 stack (O Window fan {J Roof vent
(O Other, describe

Are there multiple exhausts? Og Yes O No

QOPERATING DATA

Percent annual production (finished units) by season:
Winter Spring Summer Fall

Hourly production rates (1bs.): Average 6000 Maximum

Normal operating schedule: 24 hrs./day, 7 days/wk., 2

wks./year.

6000 _

nual production (indicate units) _ 373,000 1bs foam & elastomer

rojected percent annual increase in production__ N/A

Type of operation: [:] Continuous [:] Batch

Materials used in process:

If batch, indicate Minutes per cycle 420 (averageMinutes between cycles__ 60

List of Raw Materials Principal Use Amcunt (Ibs./nr.)
FTexible polyurethane foam sealant 6000#/hr worst case (25 CFM)
(Rigid foam £ill 6000#/hr_(50 CFM)

Elastomer sealant 6000#/hr (2.2 CFM)

A PROCESS FLOW DIAGRAM MUST BE INCLUDED WITH THIS APPENDIX. Show entry and exit points

of all raw materials, intermediate products, by-products and finished products, Label
all materials including airborne contaminants and other waste materials. Label the

process equipment and control equipment.

See attached
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5975

FMPC K-65 8ilo Modification PTI . (Rev. 1, 20 Aug 87)

SOURCE EMISSION CALCULATION

A

Following treatment, the maximm amount of Radon-222 remaining will be
no more than 4 Ci in each of the K-65 silos. Refering to Table 1. below,
the ooncentration in each silo is calculated as a function of the volume
of the space above the residue. As the foam is injected into the silo, it
will displace the radon gas, forcing it out the four (4) open manways and
into the ambient atmosphere. The maximm foam injection rate is 50 cfm,
which will take place for limited (about seven hour)spe.riods. This will
result in a mmgnmmssmnrataofabmxtss::lo Ci/sec from silo 1
and about 8.6 x 10 ~ Ci/sec from 8ilo 2.

Table 1. Worst Case Emission cz.lmlatiohs

TTEM UNITS SIIO 1 SIIO 2
Radon Present S o- | 4 4
Tank Volume £t3 48,700 38,700
Concentration ci/re3 8.2 x 107> . 10.3 x 107>
Foam Injection Rate  ft3/min 50 50
Emission Rate : Ci/sec 6.8 x 107> 8.6 x 10°°
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FMPC K-65 Silo Modification PTI (Rev. 1, 20 Aug 87)

The maximm allowable on-site ambient radon concentration is listed in
10CFR20, Appendix B, Table I as 3 X 108 ci/m3. The following
worst-case meteorological conditions were used to represent a conservative
estimate of atmospheric dillution (dis:ersion).

Wind Speed = 0.5 ny/s
Stability Class = F

Dispersion model calculations indicate that the maximm annual average
on-site concentration would occur at a distance of about 450 meters, and
would be 5.31 x 1010 ci/m3. This concentration is 1less than two
percent (< 2%) of the ambient standard of 10 CFR 20.

The maximum allowable annual off-site ambient radon concentration is
listed in 10CFR20, Appendix B, Table II as 3 X 10°° Ci/m>. The same
worst-case meteorological conditions were used tc represent a conservative
estimate of atmospheric dillution (dispersion).

Dispersion model calculations indicate that the annual average
off-site concentration at the nearest fenceline (700m) would be
3.96 x 10 Ci/m3 . This concentration is 13 percent of the ambient
standarg <. 10 CFR 20. '
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A-2
CONTROL EQUIPMENT

Control Equipment Code:

85975

(A) Settling chamber (6) Cyclonic scrubber (M) Adsorber
B) Cyclone (H) Impingement scrubber (N) Condenser
(C) Multiple cyclone (1) Orifice scrubber (0) Afterburner - catalytic
(D) Electrostatic precipitator .(J) Venturi scrubber (P) Afterburner - thermal
(E) Fabric filter (K) Plate or tray tower (Q) Other, describe
(F) Spray chimber (L) Packed tower
15. Control Equipment data:
Item Primary Collector Secondary Collector
{a) Type (See above code) Charcoal adsorber '
(b) Manufacturer N/A
(c) Model No. N7A
(d)  Year installed 1987
(e) Your identification N/A
(f) Pollutant Controlled Radon
(g) Controlled pollutant emission
- rate (if known) K unk
(h) Pressure drop TT.5 7n A0
(i) Cesian efficiency 85-99%
(J). Operating efficiency N/A
STACK DATA
16. Your stack identification K-65 tank vents
‘ Are other sources vented to this stack? 0] Yes m No
If yes, 1identify sources
18. Type: [x]Round, top inside diameter dimension 20 inches
(] Rectangular, top inside dimensions (L) X (W)
19. Height: Abcve roof 0.3 t., above ground 27 ft.
20. Exit cas: Temp. Ambient OF, VoTume-Z to 50 ACFM, Velocity 5.73 max TL./min.
21. Continuous menitoring equipment: Byes  OnNo
If yes, indicate: Type Alpha Track-etch , Manufacturer FMPC
Make or Model y/a , Pollutant(s) monitored ambient radon
22. Eimission data: Emissions from this source have been determined and such data is
included with this appendix: [ ves [ No
I yes, chsck method: [] Stack Test (] emission factor Material balance

L

Completed D/Zk C]M«WJJ&. Date ZO@M} 37
N *Jrc%. |
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® MODULAR ADSORBERS FOR AIR B9~ =
POLLUTION CONTROL, PROCESS 7S
GASES . ' |

e Tank/Separator Vents e Vacuum Pump Exhausts * Process Air Intakes
e Air Exhausts e Drumming Stations ® Sewage Odors
<

Models N100, N100 XP, N150, N250, N500 DB, N1500 DB

Shown at right are part of the NIXTOX family of modular activated
carbon adsorbers. These deep bed models treat flows up to 1500 CFM
per unit. All feature TIGG's unigue* vapor distributors to deliver full
adsorbent utilization and peak removal efficiency, at low pressure
drop and low operating costs. For example, the N100 (55 gallon)

contains 40% more active carbon than competitive models with gravel T

bed supports, giving N100 improved performance and service life, _—
" but operating at about haif the flow resistance. Cost effectiveness is PR

improved about 50%. The unique larger flow NIXTOX models offer H

similar design advantages. 0 '

Modei numbers designate maximum flow in CFM. o

Rain shields and condensate drains are standard,

eliminating need to provide a rain diverter and per-

mitting filter drainage without disconnecting. For

appropriate applications, optional visual saturation

indicators show when the unit is about 70% ex- i_’__t’_ -~

hausted. Standard construction is corrosion-resist- = G=Z222220

ant steel with stainiess steel screen distributor. For Standard Flow

extraordinarly corrosive situations, N100 XP is buiit Pattern

entirely of cross-linked high density polyethylene, N100-N150008 Le"h;%g:gm,;,(;’wﬁ;gg.nd; N‘%;‘:d N

PVC and fibergiass. Allmodels may be refilled or discarded after satura- ’ ( 'La,;:,, N1500 D8 ,; ::,”s,,own_

tion. The N100 converts to a D.O.T. 5B hazardous waste disposal drum.

Models N500, N1000, N1500, N3000, N5000, N8000

Accumulator Cabinets

For flows to 500, 1000, 1500, 3000, 5000 and 8000 CFM, respectively.
These radial bed design units treat large flows at very low pressure
drop, although the 5-18" bed depths are normalily sufficient for long
lite and high efticiency. The radial design also

results in a very compact adsorber, often requiring

v no more floor space than panel filters with an inch

f or less adsorbent bed depth. Typical flow is from a

central stainless steel screened distributor®, out-
¢ c> ward through adsorbent, exhausting through
external stainless screened ports. Flow is reversible

it preferred. Units in the NS500-8000 series are

¢ normally recharged, with parallel arrangements
! of smaller flow units used if vessel disposal is

, Stancarg Fiow  desired after adsorbent saturation. Vessel con-

L
EREN

Pattern struction is corrosion-resistant steel. with other
Front to rear NS00. N1000. N3000. NS500-NB00O vessel materials available on custom order. The
N1500. with the same external appearance targer N5000 and NB8000 units have similar tlow
ang size as N1000. is not shown, : : B
Similar larger N N are not shown patterns, but are shipped in segments for field
assembly. .

"U.S PATENT 4,379,750
CANADA PATENT 1.197.075

These accessories collect flow from Models N500-N3000, above,
when direct exhaust is not appropriate. Flow may be directed to an
exhaust stack or to downstream processing as required. External
floor ribs and handles facilitate positioning, and internal roller con-
veyors or pallet slides (N3000) assist in adsorber placement. Doors
are fully gasketed. Cabinets are complete with adsorber retainer
chain, inlet and outlet stacks, rupture disc. and flex hose connection
for adsorber inlet. Construction is steel finished with two coats of
catalyzed epoxy. Similar cabinets for N5000 and N8000 are field
assembled.

Accumulator Cabinets tor N5QO. left.
and N1000/1500. The cabinet for N3000 is
of similar appearance but of larger size.

See Specilications and Properties O O 0 11'7

page for detail on NIXTOX Models.
-2 -
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N D)® MODULAR ADSORBERS FOR
# D) WATER POLLUTION CONTROL,
PROCESS LIQUID PURIFICATION

* Waste Water/Wash Water e | aboratory Wastes e Spill Control
¢ Radioactive Waste Water ® Process Streams/Solvents ¢ Protect IX, RO Units

iy

Models C15, C15 XP,’C20, C25, C50, C100

Part of the selection of CANSORB Modular Activated Carbon Adsorb-
ers is shown at right. Model numbers give maximum recommended
GPM for water and other low viscosity liquids. Maximum flow may be
lower for viscous liquids or for removing impurities with low adsorp-
tion potentiai, or 10 obtain ultraiow impurity levels by maximizing
adsorbent:licuic contact time. | “.'ts employ a proprietary® liquid
collection system that promotes "sen flow distribution for effective
purification, maximum adsorbent utilization efficiency and low flow
resistance.

Construction is double epoxy/phenolic or doubie phenolic lined
steel as standard. The C15 XP vessel is cross-linked, high density
polyethylene with PVC and fiber~tass internals for highly corrosive
duty. Standard units have full . n heads for replacing adsorbent,
but can be provided in closed - .d versions as needed.

For disposal of hazardous wasies, the saturated C15 converts to a
D.0.T. 58 drum. Conversion capability is of interest with non-carbon
sorbents as well, for example in nonregenerable uses of ion exchange Left to nght: (Foreground) C15, C15 XP:

materials to isolate radioactive wastes. (Ta,:‘i:?:;gzg.lg ?; (nR(:as':\ocwsr?

i

- [

-
-

Standard Flow
Pattern — All
CANSORB and
CANSORB HDS
Unuts

<2
<3
=2

-
———

-~
1

CANSORB KDS Models C25, C35, C50, C75,C100, C200

Units at left are designed for permanent installation/reuse and extra
convenience in refiiling. Liquid underdrains are designed with unique”
collectors as described above, with similar effectiveness in flow
geometry and low pressure drop. Model number refers to maximum
water viscosity GPM per unit. (Also see contact time comment above.)

Standard construction is heavy steel shell with bolted flange top.
completely lined with 1/4 inch thick high density polyethyiene. Ad-
sorber tops and bottoms are reinforced as needed to suppress flexing
in service. Internals are stainless steel, PVC and fiberglass. Separate

. tittings allow adsorbent discharge and replacement without dis-
connecting liquid piping or removing top. Short legs assist in posi-
tioning and accommodate a bottom-mounted, side-discharging bail
vaive for removing spent adsorbents.

Left to ngnt: CANSORB C50 HDS, C25HDS. C35 HDS.
C75 HDS. C100 HDS. and C200 HODS. not pictured.
are similar units of successively larger size.

See Specilications and Properties page tor details ‘US. PATENT 4.379.750

on CANSORB and CANSORB HDS models. - CANADA PATENT 1,197,075
-
CAUTIONS
NIXTOX hiters are normaily entirely trouble free in use. However. certain arborne matenais can underqgo oxidation, Polymerizahion or o'ixpr chermical tr - INS with, Or in the presence of. activa!
(active carbon). often wiih the hberation of heat The use of NIXTOX filters to control subsiances such as ozone, methyi-ethiy ketone (M- «. and concer: 3 oxigani streams such as oxygen a
not recommended for these reasons If there 1s any doubt concerning the compatability of activated charcoal with your air Or gas stream 3G Corporani, il be happy 10 comment Or 10 Suppl
sample ol its adsorbent for apprapriate tests In the event the NIXTOX unit 1s 10 be connected (o a storage tank or other source of flammaoie material, ine Drecauhonary use of a suitable flame ar e
connection hkne 13 recommended.
CANSORB thiter piping shouid be pressure relieved. particularly if the adsorbers are ted by a posifive displacement pump or other potential sources of Mgh system pressure in upset conditions " tarly.

CANSORB units should be vented durnng extended shut-downs, o ralieve gases that mignt result from biological action on adsorbates.

ENVIROSORB LAB SENTRY. BENCH SENTRY and ODOR MAGNET hiters are designed 1o reduce concentrations ol adsorbable odors and other undesicable adsorbable gases and vapors. This largely
8sSthelic purpose 1s not intended 1o subshituiz 13: cood safely Or venhilation praciices, nor 10 substiute or devices such as individual raspirators or lilters ces:gned (o remove poorly adsorbed substances such
as carbon monoxide. -

WARRANTY
TIGG Corporation warrants these prog.;- . ~a1n accordance with spectiications and descrniptions herenn Que to the wide vanety of possible appi ¢3t'ons and \s of use. no at express or
implied warranty 1S made tor performam:~ « or surtability for particular purpose

—3 - 000118



LABORATORY, INDUSTRIAL
AND MEDICAL WORK SPACE
AIR FILTERS

s ENVIROSORB LAB SENTRY™
LABORATORY ADSORBENT AIR FILTER

LAB SENTRY is designed for laboratories in which dedicated fume
ventilation is not available, or in which adsorbable undesirable vapors
require control prior to the reguiar chemical hood system.

The filter may be placed on counter or bench

top, under a standard chemical hood. or can be LAB SENTRY
fitted with connections (Parts EL-2A, EL-3A) AIR PATTERN
to an exhaust duct. :
Construction is lightly brushed stainless steel, gsg::)s‘"

with tempered safety plate observation window. wa. Area
The unit includes work light, switch, electrical

plug and cord, spill tray, filter grille, rinsable k
particulate fiiter and TIGG's unique ADSORB-

ONGD fitter Ap.ane' - See below. An.e’ec"omc fan ;2:::”95 The EL-2 LAB SENTRY moage! 1s pictured. The larger
assures efficient air movement without disturb- Vanore £L-3 BENCH SENTRY'™ for siectrontc soldering
ing normal conversation. and other work stations, 1s of simiiar design

Specifications on other side of this page.

TiIcG ADSORBOND™ BONDED ADSORBENT PANEL FILTERS

ENVIROSORB laboratory and room air filters are available with a highly innovative adsorbent system, in which the exclusive
TIGG ADSORBOND process unites adsorbent particies into a porous panel. The result is a lighter, dust free filter with lower flow
resistance, yet with no loss in saturation adsorption capacity.

Panels are taced both sides with fiber media. and framed in pressed paper board. The adsorbent never requires handling. since
the entire ADSORBOND panel is fully disposable. For added disposal safety and convenience, ADSORBOND panels are fully
combustible; permitting a “hands-off” incineration option for disposal - helpful if a LAB SENTRY filter had been used to isolate
highly toxic chemicals, or an ODOR MAGNET™ unit had been used in an infectious medical setting. Replacement ADSORBOND
panels, or steel-framed punched plate paneis for loose adsorbent particles, are available from TiGG.

Standard ADSORBOND panels are made of bonded activated carbon granules or pellets. ADSORBOND panels can aiso be
provided with speciai purpose sorbents. Thus ADSORBOND can control the hundreds of gases and vapors normally controlled
with activated carbon, plus difficuit materials such as ammonia, formaldehyde. mercury vapor and radioactive gases.

0,C200
ind extra ENVIROSORB ODOR MAGNET™ ROOM/WORK SPACE AIR FILTER
1unique’
in flow The ODOR MAGNET is designed for spaces in which odor sources
naximum —A customer put it best: can overwhelm air fresheners or filters with modest activated carbon
'tanove.) “It's like opening a window, contents. Typical applications include areas in which workers are
inge top, but without the energy loss.” exposed to chemical, flavor or perfume odO(s._O( general iqdpor
lene. Ad- poliution common to energy-conserving buildings. In medicine.
;s flexing ) ODOR MAGNET can suppress environmental levels of certain anes-
Separate thetics and prep supplies. as well as attenuate odors in rooms of
wout dis- incontinent patients; or those with severe infections. burns or
t 10 posi- advanced malignancies.
ging bail Construction is pebbled aiuminum with a stainiess steel top for work
or shelf surface. Multidirectional casters provide easy movement
over carpeted floors. A resiliant
bumper avoids damaging walls or
furniture. A rheostatic fan switch
allows choices of fan speed and air
movement. Operation will not inter-
379.750 ) .
NT 1.197.075 fere with normal conversation. The
- unit has two rinsable dust filters and
two ADSORBOND active carbon filter
panels. contained behind louvered
e doors for easy access. A unique air
as pattern focuses filtration where the
rres: room is occupied, producing effective ODOR MAGNET
03 Simitarly. air exchange and odor control at AIR EXCHANGE PATTERNS

Indicated Flow Dupticated
On Other Side Of Unit

minimal power and noise level. A night
light and electrical convenience outlet
are available options.

This tergely
stances such

enviRosors QDOR MAGNET

Shown with night light/outlet option.

al express or See reverse of this page lor specifications. ,, 000119



SPECIFICATIONS and PROPERTIES

e TIGG products use no recycled v s or reactivated adsorbents.

e Standard adsorbents are activated carbons. Treated carbons, ion exchange materials, moiecular sieves, activated alumina, silica get,

suifate and mixed sorbent media adsorbers are also offered.
e Instailation and Operating Instructions are sent with each unit.

Minimum
Design Maximum c ctk ]! / Adsorbent, Contact, (©) Shipping (B){d)

Unit CFM (GPM) psig. (8 °F NPT (Duct) Height, Inches (b Cubic Feet Sec. (Min.) Pounds
NIXTOX
N100 100 10 350 2°M 24/35 7 2.2 270
N100XP 100 10 165 2"M 24/38 7 22 228
N150 150 10 350 2“M 27/40 10 2.2 385
N250 250 8 350 M 32/44 14 18 510
NS50008 500 6 350 I'M 48/74 63 39 22715
N 150008 1500 6 350 (6) 82/67 190 38 86001
NS00 500 Open 350 (47) 24/35 7 a5 300
N1000 1000 Open 350 6™ /44 14 0.5 565
N1500 1500 Open 350 (77} 3/44 10 Q.3 475
N3000 3000 Open 350 (10"} 48/70 52 0.7 1950
NS000/8000 See separate specitication sheet
CANSORB
C15 { 15) 12 230 3/4"F 24/35 6 2.1 220
C15XP (15) 12 165 3/4"F 24/37 & (2.1 180
c20 (20 12 230 1“F 27/40 9 2.3 310
cas {25 8 230 v V/4"F 32144 12 2.5 415
C50 { 50) 6 230 2°F 48/72 63 (7.2) 2120
Cc100 {100) 6 230 3°F 66/72 15 6.1y 4900"
C25HDS { 25) 12 165 11/4"M 33/58 12 12.5) 675
C35HDS ( 35) 12 165 1 1/2°M 41/64 22 (3.4 1195
CS50HDS { 50 12 165 2"M 47/64 31 (3.4 1525
C75H0S ( 75) 12 165 2 /2°M 57/79 59 {4.1) 2965
C100HDS (100 10 165 "M 73/93 15 8.1 54901
C200HDS (200) 8 165 4°M 917100 230 6.1 9100""

(a) Per Unit. Series pressures additive on upstream units.

(b) For tan-equipped: add 18" and 50 Ibs. (N100-500); 25" and 80 Ibs.
(N1000, 1500); 29" and 190 ibs. (N300Q).

(c) At maximum flow. Superficial contact about 50% greater.

ENVIROSORB

Voltage/ (» Fan
Model cFmi® Cycles, Hz Amps
LAB SENTRY 28 115; 50/60 0.1
BENCH SENTRY 45 115; 50/60 0.2
ODOR MAGNET 125 115; 50/60 1.0

(a) 20% less CFM at 50 Hz.

STANDARD ACTIVATED CARBONS

{d) Active carbon basis. Higher if prewetted or other adsorbents.

{e) Available with nonsparking fans; all motor types/voltages/
phases.

{f} Adsorbent normally shipped separately to fill on-site.

L/W/H Shippin
Cord, ft. Switch Inches Pou
[ Rocker on/oft 22/20/15 4
9 Rocker on/off 30/28/20 58
9 Rheostatic 18/18/31 48

(b) Including filter panels ~ two with ODOR MAGNET.

lodine No. Carbon Tetrachioride Molasses No. U.S. Sieve Bulk Density
Type mg./g. min. Weight % min. min. 90% min. Ibs./cu. ft. approx.
TIGG 5C 0410 (NIXTOX) 1050 60 — 4 X 10 30
TIGG 5D 1240 (CANSORB) 1000 - 230 12 X 40 26
ENVIROSORB/ADSORBOND 1050 60 — 4 X8, 10 30
ENVIROSORB/Steel Frame 1050 60 — 4 X8 10 30

FLOW RESISTANCE

NIXTOX MODELS

Per Unit Flow Rate, CFM 10 Atmosphers

(N1300) 900 1080 1200 1380 1500
(M3000} 1800 1100 2400 0 3000
. - N [+
SN0 (R (U AN ORI NN TN B P )

Pet_UnitPressure Drop, Inches H,0
-
A , :
.
\\.\
e
i
|
T
:)

, /A // ,

. ) ] Z ) '/ waoa, 1000 | !

B/ G ADaaanE

BN
(mmémo .m 00 ‘“' ”“
(LAl ] L) T00 ] 900 1000

Por unit Flow Rate, CFM to Atmosphere
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OPERATIONAL NOTES ' ’ ) &91_5

® ACCESSORIES/OPTIONS

NIXTOX and CANSORB models are available with fan/motor or pump/motor combinations, rigid or fiex prepiping, valves, quick disconnects.
prefilters, postfilters. totalizers, rotometers. flame arrestors, temperature and pressure gauges. adsorbents prewetted with water or other
process fluids. specialized adsorbents and chemisorbents. ENVIROSORB ODOR MAGNET options are night light and electrical outiet.

e INSTALLATION/QOPERATION
All NIXTOX. CANSORB and ENVIROSORB models include the initial adsorbent fill and arrive ready for operation. After iniet and outlet
fittings are connected, NIXTOX units typically go on stream immediately. while CANSORB models are usually liquid backfilled and then
put in service. ENVIROSORB models need only be unpacked and plugged into an electrical outlet. Detailed instructions are sent with each
unit. For NIXTOX and CANSORB, common adsorber configurations are:

SINGLE PARALLEL SERIES

I>| )
o ST gmo—
; Ou’l > To tully saturate

Sufficient tor most ’
tank vent. odor upstream unit of
control and waste For high flow rates or contain iong mass

water needs. greater contact time. transfer zone.

® REPLACEMENT/RECHARGING

The smalier NIXTOX and CANSORB modeis may be replaced when permitted by economics of extended service life or for added convenience
in disposing of wastes. Upflow NIXTOX and all CANSORB units may be compietely sealed when spent. Additionally. N100 and C15
convert to D.Q.T. 5B hazardous waste containers. NIXTOX and CANSORB have no gravel, screens or other loose components to complicate
removing spent adsorbent or refilling vessels. The larger NIXTOX and CANSORB umts are most conveniently emptied by water/adsorbent
sturry or vacuum wand. Make-up adsorbents are available from TIGG. .

Replacement ot ENVIROSORB fiiters is simply a matter or removing the spent filter panei and replacing (ADSORBOND or steel) or refilling
(steel-framed) it. The entire ADSORBOND panels are fully combustible. providing a variety of convenient disposal methods.

Spent adsorbent may be discarded, added to boiler coal or otherwise incinerated, or may justify reactivation if available in sufficient volume.
The disposal method may be governed by the nature of adsorbate(s) on the spent material.

SPECIAL PRODUCTS/SERVICES

In addition to the standard products described in this bulletin, TIGG has the capability to design, fabricate and assemble products with custom
modifications or to work with firms that may need unique adsorption products or systems. These individualized products have ranged from
one-of-a-kind adsorbers to soive unusual or particularly challenging purification problems, to large scale, private Iabel production of highiy
specialized adsorption systems. Systems and units designed and built by TIGG have won IR 100 and Pollution Engineering’s 5-Star Product
Advancement Awards. Our new ADSORBOND adsorbent bonding process creates additional possibilities for innovative adsorbent products
and adsorption devices. Please write or call if these capabilities might help you solve a problem or attain a marketing goal.

NIXTOX. CANSORB and ENVIROSORB lilters are shipped F.O.8 TIGG Southcentral Operations. Heber
Springs. Arkansas. This modern facility 1s dedicated solely 10 the fabnication of adsoroent progucts. modular
adsorbers, and adsorpton systems.

-;.v"

TELEX: 269312 TIGG PITT (RCA)
BOX 11661 CABLE: TIGGCOR PITTSBURGH

@ TIGG CORPORATION TELEPHONE: (412) 563-4300
' PITTSBURGH, PA 15228 000121
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15th DOE NUCLEAR AIR CLEANING CONFERENCE

DYNAMIC ADSORPTIQN:OF-RADON ON ACTIVATED CARBON

Kaye P. Strong and Desmond M. Levins
Australian Atomic Energy Commission
Research Establishment, Lucas Heights,
Sydney, N.S.W. 2232 Australia.

Abstract

The adsorption of 222Rn from air onto activated carbon was studied over the
range 0-55°C. A sharp pulse of radon was injected into an air stream that flowed
through a bed of activated carbon. The radon concentration in the exit from the
column was continuously monitored using a zinc sulfide a-scintillation flow cell.
Elution curves were analysed to determine the dynamic adsorption coefficient and
the number of theoretical stages.

Five types of activated carbon were tested and the dynamic adsorption co-
efficient was found to increase linearly with surface area in the range 1000-
1300 m?qg” The adsorptive capacity of activated carbon was reduced by up to
30 per cent if the entering gas was saturated with water vapor and the bed was
initially dry. If the bed was allowed to equilibrate with saturated air, the
adsorptive capacity was too low to be of practical use.

The minimum height equivalent to a theoretical stage (HETS) was about four

times the partiYIe diameter and occurred at superficial velocities within the range .

0.002-0.02 m s For superficial velocities above 0.05 m s~!, the HETS was
determined by the rate of mass transfer. The application of these results to the
design of activated carbon systems for radon retention is discussed.

I. Introduction

Three isotopes of radon occur in nature - 222Rn (half-life = 3.8 days) in the
uranium-238 decay chain, 220Rn (half-life = 56 s) or thoron from the thorium decay
chain, and 21%Rn (half-life = 4 s) from the actinium decay chain. Radon isotopes
are not a significant radiological hazard in themselves but, because of their
mobility as gases, they act as vehicles for dispersal of their alpha-emitting
daughters. Radon-222 is the most significant isotope of radon both in terms of
occupational exposure in uranium mines and public exposure resulting from its
dispersal. The present approach to radon control in underground mines is to reduce
the concentration to acceptable levels by forced ventilation. As easily accessible
uranium is mined out, there will be a trend towards deeper mines where the technical
problems and costs of forced ventilation could be prohibitive. An alternative
approach would be to extract the radon from mine air in the vicinity of the working
face. An assessment of radon removal processes(!) concluded that adsorption on
activated carbon at ambient temperature was the most promising approach in terms
of technical feasibility and cost.

Py .
This study of radon adsorption on activated carbon was undertaken to obtain

"vore detailed and accurate mass transfer data than are currently available (2],
S

pecifically, the results are of value in the design of:

. Large scale equipment to remove radon from underground mine air
by adsorption at ambient temperature(ls3) 000123
¢ . Gas masks or canisters containing activated carbon for short-

term use in atmospheres containina verv hinh vadan rancantratiane
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such as unventilated stopes(“l, ‘

. Apparatus used in the analysis of 222Rn and 226Ra by methods
that involve the collection of radon on activated carbon(5:6)

° Systems for delay of 220Rn that is released during reprocessing
of high-temperature gas-cooled reactor (HTGR) fuels(2:7),

[I. Experimental Procedure

Figure 1 shows the experimental set-up, Medically pure air was supplied at
the required flow rate and humidity to a bed of activated carbon. The temperatures
of the carbon bed and the inlet air temperature were controlled to +1°C by electri-
cal heating. Humidity was adjusted by diverting all or part of the air through a
75 mm diameter column filled with water and packed to a depth of 0.37 m with 5 mm
Raschig rings. The moisture content of the air was determined by diverting the air
through a silica gel trap and measuring the weight gain. Before commencement of
most experiments, the activated carbon was conditioned by passing dry air through
the bed for 16 hours. In a few experiments, the bed was heated to 60°C and evac-
uated overnight. Except where indicated, experiments were conducted at standard
conditions:- superficial velocity = 0.087 m s™!, temperature = 25°C, relative
humidity = 0%, weight of carbon = 50 g and column diameter = 17 mm. :

At the beginning of each experiment, air was momentarily diverted through a
bed containing 200 g of high grade (about 30% U) uranium ore, resulting in the
injection of a sharp pulse of radon into the carbon bed. Typically, about 0.5 uCj
of 222Rn was extracted from the ore bed with each milking. Zinc sulfide, u-scint.
lation flow cell detectors Tocated at the inlet and outlet of the adsorption bed
monitored both the pulse input and the subsequent elution of radon from the bed.

" Hold-up times on the activated carbon varied from about 30 min to 24 h. Counts

from the outlet detector were integrated using a ratemeter with a time constant of
40 s and graphically recorded. The data from the chart recorder were punched on
cards for processing by a computer. :

Five types of activated carbon were tested for their efficiency in adsorbing
radon. Variables jnvestigated included air velocity (0.002-0.3 m s !}, temperature
(0-55°C), relative humidity (0-100%), bed depth (0.09-0.9 m) and column diameter
(17-75 mm).

I11. Flow Cell Detectors

The design of the radon flow cell detectors is shown in Figure 2. The
detectors were a modified version of a scintillation cell used in the analysis of
226Ra by emanation of 222Rn. The cells, machined from Lucite (trademark of
E.L. du Pont de Nemours & Co. Inc.), had internal volumes of 165 mf/, and could be
easily dismantled for cleaning or decontamination. A central Lucite baffle directed
the flow to prevent short-circuiting and to minimise dead regions within the cell.
A1l internal surfaces including the Lucite top and baffle were coated with a thin
layer of high purity ZnS(Ag) scintillant. The coating was applied by greasing all
surfaces lightly with vacuum grease and adding a few grams of ZnS(Ag) powder. The
scintillant was then tumbled in the cell until a uniform surface coating was
obtained. Excess powder was removed from the cell. Besides directing the flow, ‘
the central baffle improved the counting geometry by reducing the average path
length that an a-particle could travel before striking a surface coated with
scintillant. The flow cell was sealed by O-rings and placed, without optical
coupling, on top of the photo-multiplier tube. The whole assembly was housed in
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a light-tight enclosure. When freshly coated with scintillant, the background of’
the detectors was less than one count per minute while the efficiency for detection
of radon and its a-emitting daughters was over 90 per cent.
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Figure 1. Experimental set-up. Figure 2. Radon flow cell detector

The inlet of each flow cell contained a glass fiber filter (Whatman GF/B) to
remove any radon daughters from the gas stream. Nevertheless, 218Po (RaA) was
formed during passage of radon through the flow cell and some was deposited within
the cell. The extent of deposition of radon daughters was determined by measuring
the rate of decrease in the count rate following passage of a pulse of radon through
the inlet detector. The percentage of 2!8Po deposited varied from 60 per cent to
almost 100 per cent and increased as flow rate was decreased. A computer program
was written to convert the count rate from the detector to the radon concentration
by taking account of the continual deposition and decay of 218Po and the subsequent
ingrowth of 214%Po. The efficiency of detection of the g-emitter 2!“Bi was assumed
to be zero.

[V. Mathematical Analysis

There are two conventional methods of analysing chromatographic adsorption
data. The first approach, borrowed from distillation theory, assumes that a column
can be divided into a number of stages of equal volume in which equilibrium always
exists between the fluid and the adsorbent. The second approach acknowledges that
equilibrium is never actually reached at any point in the column and explains per-
formance in terms of the rate of diffusion and other mass transfer processes. Most
descriptlons of chromatographic separation rely on the equilibrium stage concept
ind accordingly this approach is adopted here. The response of N equilibrium stages

0 a change in concentration of adsorbing species can be determined by solving N
first order differential equations that describe the mixing on each stage. For a
pulse input in the adsorbing species and assuming a linear isotherm, the elution
curve is(8,9)
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and C is dimensionless concentration normalised so that f: C dT = 1. The mean

where T is dimensionless time normalised to the mean residence time, t; T = t/t; ‘
residence time is given by

kam , '
TS (2)

where F = flow rate (m3(STP)s™1), k. = dynamic adsorption coefficient (m3(STP)kg™!)
and m = mass of adsorbent in bed (k§). Equation (1) is asymmetric for small N and
the maximum in the elution curve occurs at(2)

_ F tmax _ N-1

Thax = kkm N (3)

a
For large N, Equation (1) approaches the Gaussian distribution(10)

. 2
N @)

and the models based on equilibrium stage theory and diffusion rates coincide.

In practice, the dynamic adsorption coefficient can be determined from the
mean residence time or, more simply, from the maximum in the elution curve using
Equation (3). A number of methods have been proposed to determine the number of
theoretical stages including moment analysis, calculation of the variance, the
ratio of peak height to area and the method of tangents(1l, 12)  One of the
simplest yet accurate methods is to measure the width of the elution curve half-we
up the peak (AtH). Peak widths were determined numerically from Equation (1) and
found to satisfy the following relation,

t 2 _
max _
(Atg ) = 0.180 N - 0.194 | (5)

Since the number of theoretical stages depends on column length (L) and the
diameter of the packing (d_), the HETS and the reduced height of a theoretical
plate (h) are frequently glloted as indices of column performance(13) These terms
are defined by the equation, )

HETS  _ L

(6)
N d
% P

h =

V. Results and Discussion

Shape of the Elution Curves

The radon elution curves were processed . computer to determine the dynamic
adsorption coefficient from Equation (3) and the number of theoretical stages from
Equation (5). For the packed beds used in these experiments, the number of theo-
retical stages generally varied between ten and one hundred. The theoretical .

elutioh curves were calculated from Equation (1) and compared with the experimental
curves.,

Figure 3 compares a series of experiments usiné varying bed depths of
Pittsburgh PCB activated cz~-on. In general, the experimental elution curves
fitted the theoretical curvw:s quite closely even when the number of theoretical
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stages was.so low that the asymmetry in the elution curves was obvious. A slight
degree .of tailing was noted in the experiments using Sutciiffe-Speakman type 207C,
activated carbon.

SRS 4

AN o S T

CONCENTRATION
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O L - h
0 100 200 300 - 400 500 600
TIME (MINS)
Figure 3. Shape of elution curves.

Air Velocity

As expected, the dynamic adsorption coefficient was found to be independent
of air flow rate. Figure 4 shows the effect of superficial air velocity on the :
HETS for Sutcliffe-Speakman type 207C activated carbon. The minimum HETS was about
four times the particle diameter. For velocities above 0.05 m s!, the HETS
increased linearly with velocity.

The shape of Figure 4 a?rees with the van Deemter equation for the effect of
carrier gas velocity on HETS (1%} .

HETS = A+§— +Cu (7)

3

where u_4js the superficial gas velocity. A, B and C are, respectively, the coef-

Sicient? due to eddy diffusion, longitudinal diffusion and resistance to mass :
ransfer which occurs primarily within the adsorbent particle. The value of the f
constants in Equation (7) that give the best fit to the experimental data are :

A=2.7x10"3m B=7.3x10°%m%s"1, C=0.12s. For Sutcliffe-Speakman 207C

carbon, Equation (7) can be expressed in dimensioniess form as,

000127
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coefficient of adsorbate (D ~10 5m2s ! for radon). The cBnitants in Equations

where Pe = Peclet number based on superficial velocity (d_u./D) and D = diffusi
and (8) are similar to published data for other noble gases (2, 12, 13, 151, '
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Fimure 4. Effect of superficial velocity on HETS (temperature = 25°C)

-

lemperature

Figure 5 shows that within the temperature range 0-55°C the dynamic adsorption
coefficient “ollows the Arrhenijus equation. The calculated heat of adsorption is
6.9 kcal mol™! (29 kJ mol™!) which compares well with values in the range 6.1-7.1
kcal mol1™1 (26-30 kJ mol™1) reported in the literature(l, 2),

Figure 6 shows the effect of temperature on HETS for Sutcliffe-Speakman type

207C carbon at constant molar flow rate. The HETS increased with temperature in a

iilar vay to that previ-susly repor~:d for adscrption of krypton and xenon on

sivate: carbons(:3), Tne theoreti.al effect of temperature on HETS is complex
since the effects due to changes in the diffusion coefficient, gas velocity and the
dynamic adsorption coefficient often act in different directions(11). The data in
Figure 6 correspond to the case in which mass transfer makes the major ~ontribution
to HETS. In this case, for a rise in temperature, the diffusion coefiicient in-
creases thus tending to decrease the HETS, whereas the increase in gas velocity and
the fall in the dynamic adsorption coefficient tend to increase the HETS. The
biggest effect is caused by the change in dynamic adsorption coefficient since thd
affects the relative times that the adsorbing species =oends in the adsorbed s
and undergoing mass transfer. Overall the performance :hould improve (i.e. the
HETS should fall) as temperature is decreased(11l/,
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Figure 5. Temperature dependence of the Figure 6. Effect of temperature

‘ "~ dynamic adsorption coefficient on HETS

Type of Carbon

A comparative study was made of five commercial grades of activated carbon at
the same superficial velocity (0.087 m s~1) and otherwise identical conditions.
There was a wide variation in performance as shown in Table 1. The measured dynamic
adsorption coefficients ranged from 3.53-5.69 m3(STP)kg™! compared with values
ranging from 0.90-7.50 m3(STP)kg™! in the published literature(l,2), Figure 7 shows
a positive correlation between the dynamic adsorption coefficient and specific sur-
face area. This is in contrast with the results of Kovach(18)! for adsorption of
krypton and xenon on activated carbon where the dynamic adsorption coefficient
passed through a maximum at a surface area of 900 m2g~!

Table I. Properties and performance of activated cafbons
Mass Mean | Surface Aria ka HETS
Type Source Shape |(Diameter (N,, BET 3 -1 h

, (mm) (%29-1) m3(STP)kg™*| (mm)

Sutcliffe-Speakman | Coconut | flakes 1.2 1000 3.53 14.9112.4
20]C shell

Norit RFL3 Peat }gxtruded 4.7 1150 4.61 66.9{14.2
‘ Norit RL1T1 Peat [fcylinders| 4.7 1200 4.66 |67.9]14.4
Ultrasorb SC2 coconut | chips 0.7 . 1200 5.00 5.6] 8.0
Pittsburgh PCB coconut | flakes 2.5 1300 5.69 |22.9] 9.2
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Figure 7. Relation between surface area and dynamic adsorption coefficient

Particle size is the most significant factor affecting the HETS. There
appears to be a residual correlation between reduced height of a theoretical stage
and both particle diameter and kybut these effects are difficult to unravel. Pre-
diction of kausing Equation (8), which strictly only applies to Sutcliffe-Speakman
207C carbon, gives reasonable agreement with the experimental data except for the
two Norit carbons. For these extruded cylindrical carbons it is difficult to
define an effective diameter for use in the Peclet number, and the predicted values
of h using the mass mean diameter are about twice the experimental values.

Bed Height

Four experiments were carried out with bed heights ranging from 90-900 mm but
with otherwise identical conditions. The dynamic adsorption coefficient was con-
stant but, as shown in Figure 8, the HETS increased slightly as height was -2ised.
This is a well-known phenomenon in chromatographic columns which has lera’ y been
explained in terms of the change in velocity through the bed due to the pressure
drop(10s 11) = In the present case, this does not appear to be the explanation
since the pressure drop was only 1 kPa per meter of packing. A more plausible
explanation for the deterioration in performance as bed height is raised is the
progressive increase ‘n charmeling in the area of high voidage nea
the wall. This effec: has :2en observed.in other mass transfer
equipment and can be remedied in very deep beds by installation of
redistributors at regular intervals along the column.
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Figure 8. Effect of bed height on HETS (Pittsburgh PCB _carbon,
temperature = 25°C, superficial velocity = 0.087 m s~ 1)

Column Diameter

‘A reduction in performance with increase in diameter of chromatographic
columns has been reported by many workers and is usually attributed to an uneven
flow profile across the column(ll), To determine the effect of column diameter on
performance, three experiments were conducted with column diameters ranging from
17 to 75 mm at constant superficial velocity. Each column was carefully packed to
the same bulk density (0.47 kg & 1) with Sutcliffe-Speakman 207C activated carbon.
The experimentally measured HETS was 5.7 mm for both 17 mm and 38 mm diameter
columns and slightly higher (6.4 mm) for the 75 mm column. This variation in HETS
was probably within experimental error and these experiments do not indicate a
significant effect of column diameter on performance.

Humidity

The effect of water vapor on radon adsorption was studied in two series of
experiments. In the first series, the activated carbon bed was first equilibrated
with water vapor by passing humidified air through the bed at the test conditions
for 16 hours. When equilibrated in this way, the performance of the bed was satis-
factory at low relative humidities (<15%) but deteriorated rapidly for higher
humidities. The dynamic adsorption coefficient was reduced to 50 per cent of its
initial‘value at 30 per cent relative humidity, The reduction in kywas matched by
a corresponding rise in HETS. A few experiments were carried out at 100 per cent
humidity but the retention time was too low to be ©f practical use. There was
considerable scatter in the results of these exper1ments and local condensation of
water was suspected.

In the second ser1es of experiments, humidified air was passed into a dry bed
at a temperature of 25°C and a superficial velocity of 0.087 m s Flgure 9 shows
that the dynamic adsorption coefficient decreased by 30 per cent for an increase.in :
relative humidity from 0-100 per cent. This relatively small effect is explained Q00131
hv tha nhecarvatinn that the radon oenetrates the bed at a faster rate than water
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the inlet, the combined effects of temperature rise due to the heat of adsorpt

of water and the competition with water vapor for active sites tends to reduce
dynamic adsorption coefficient for radon. A computer program is being developed to
solve the equations for heat and mass transfer during adsorption of water vapor on
activated carbons. Initial results suggest that the effect of temperature rise on
kais more important than co-adsorption of water vapor.

§ \. ]

vap.or‘ Hence, for most of its travel, the radon passes through a dry bed. Ne,
t
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Figure 9. Effect of humidity on the dynamic adsorption coefficient
(Sutcliffe-Speakman 207C carbon)

The results reported here are in contrast to the work of Thomas ) who
reported that deterioration in performance of gas mask canisters was most marked
when the activated carbon was initially dry. The canister tested by Thomas had a
diameter of 0.1 m and a depth of only 31 mm so inlet effects, particularly the
sharp initial rise in temperature, would be expected to dominate under these
conditions.

Ageing and Regeneration

The activated carbon bed was usually regenerated between exgerwments by pas-

4sing dry air through the bed at a superficial velocity of 0.1 ms ! for 16 hours.

In a few cases the bed was heated to 60°C and evacuated overnight. This did not
improve the adsorption propert1es of any of the carbons with the exception of

-Sutcliffe-Speakman type 207C where a slight increase in kawas observed. Many.

experiments were conducted with the same carbon bed over severa] months w1thout
deterioration in performance due to ageing.
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VI. Application of Results

i Since the mass of radon adsorbed on an activated carbon bed for all practical.

" cases is infinitesimal, the performance of a bed is independent of radon concen-
tration and its capacity is determined by the total volume of air that passes
through it. In most practical instances, the radon enters the bed as a step change
in concentration rather than as the radon pulse used in these experiments. The
response to a step change can be simply calculated by integrating the elution curve
for a pulse input (Equations (1) or (4)).

For optipum performance, a radon adsorption bed should be sufficiently deep
(at least 0.2 m is suggested) so as to contain a large number of stages and mini-
mise broadening of the breakthrough front. The superficial velocity should ideally
be in the range 0.002-0.02 m s~ !, which will minimise the HETS (see Figure 4) and
ensure a low pressure drop. Unfortunately these requirements are not always con-
sistent. This can be seen by expressing Equation (2) in the form,

Tkop, L
T - ab (9)
273 u

S

3

‘where Ph = bulk density of the carbon bed, typically about 450 kg m™°. Substituting

= 5m3(STP)kg™! at T = 298 K in this equation gives

o o= BRL () | (10)
S

For the recommended limits,L=0.2 m and ug = 0.02 m s~} then t = 7 h. This mea..
that, unless the bed is designed for a retention time of 7 h or longer, some .
departure from optimum conditions must be made. In practice, the velocity should
be increased rather than the column length reduced because this results in a
larger number of theoretical stages. :

The design of an activated carbon adsorption process to remove radon from
underground mine air was considered by Arthur D. Little Inc. (!}, This design was
based on k_ = 4 m3(STP)kg™! which is consistent with the results reported here
after allowing for the effects of humid air on performance. A sharp breakthrough
front was assumed and no allowance wa$ made for broadening due to a finite number
of stages. The equipment was designed to process 2.36 m3s™! (5000 SCFM) at a bed
superficial velocity of 0.4 m s"1, For these conditions, the HETS would be approx-
imately 50 mm (see Figure 4) and the bed depth of 0.82 m would be equivalent to
only 16 theoretical stages. Broadening of the breakthrough front would be signifi-
cant and the capacity of the bed would be reduced accordingly. Even with optimistic
assumptions, the study found that removal of radon from underground mine air was
not competitive with conventional forced ventilation on economic grounds. The
major cost Was not the carbon adsorber itself but that of ancillary equipment such

blowers, heat exchangers and heating costs associated with thermal regeneration
esorb radon from the exhausted bed. If a simple and cheap method of bed regen-
‘tion were devised, adsorption on activated carbon could become a feasible method
of removing radon from mine air. ~

(4) 000133

Thomas **’ has, demonstrated that portable canisters containing activated
carbon can provide short-term protection (up to 1 h) from exposure to very high
radon concentrations such as might occur in unventilated mine stopes. The break-
through data presented by Thomas have been reanalvead tn dotarmina tha Adunamir
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adsorption coefficient and values ranging from 3.8-5.7 m3(STP)kg~! at room tempera-
ture have been estimated for the most effective carbon tested(l. 21, The Mil Army

' ?iﬁgas mask canister F:s a depth of only 31 mm . ich violates the des1gn,criteria

discussed above. +~: a consequence, some brea<through of radon occurs after a very
shor . interval and this canister is not recommended. The Scott-Acme canister has
a g-zater capacity, and being longer (15 cm),it is a more satisfactory design.

Activated charcoal traps are frequently used to collect radon for analytical
purposes. Two common applications are atmospheric sampling for 222Rn in the
vicinity of uranium mines and mills, and determination of 226Ra in solutions by
ingrowth and subs- nat de-em=na~‘on of 222Rn(5» &), In most applications it is
recommended that activate. <. bon traps be cooled with liquid nitrogen or dry
ice. Calculations ot adsorber capacity based on the mass of carbon and the volume
of air that is passed through the trap frequantly show that it is not essential to
cool the traps, although in some cases the guometry of the bed needs to be modified.
Adsorpt1on of radon at ambient temperatures wvould s1mpl1fy procedures particularly
in situations that require field work.

Another possible applicatic= for activated carbon is the removal of 220Rn
from the off-gas stream during r=:-ncessini of HTGR fuel (2, 8) Since 20Rn has
a half-1ife of only 56 s, only 20 minutes is sufficient for essentia]]y complete
retention. Activated charcoal has 10-20 t1mes the adsorptive capacity of molecular
sieves and about 200 times that of silica gel(l> 2), As with other applications
for activated carbon, the major disadvantage is the fire hazard.

VIl Conclusions
Over the temperature range, 0-55°C, the dynamic adsorption coefficient for ‘
radon on activated carbons with specific surface areas (S) in the range 1000-
1300 m*3"! can be estimated from the equation

_ - 6.9 x 10° |
ky(M3(STP)kg™}) = (0.0070S - 3.51)e RT’ (1)

The presence of water vapor in air decreases the dynamic adsorption coeffic-
ient. For an initially drv bed of - rtivated carbon at ambient temperature, the
dynamic adsorption coeffi.:.ent decr:._ses by _sout 37 zer ci:t for an increase in
relative humidity from 0-100 per cent. I[f the bed allo.:d to equilibrate with
saturated air, the adsorptive capacity is ‘too low tc be of practical use.

The minimum height equivalent to a theoretical stage (HETS) occurs at
superficial velocities “n the range 0.002-0.02 m s !, This minimcn value is
typically about four t-mes the particle diameter. For superficial velocities
above 0.05 m s™ 1, the HETS is governed by the rate of mass transfer.
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DISCUSSION
TADMOR: Dr. Levins, as you rightly mentioned, radon is a problem in the

mining of urdnium, but it may be also a long term problem from the long term re-

e of radon from tailings and other residual materials from mining. Do you have
data, or would you venture to make some predictions, on the ‘adsorption of ra-

ovn on soil and underground material which may be used to gover the tailings pro-

duced in mining or milling of uranium? 000135

LEVINS: We -haven't a lot of evidence on the adsorption of radon on soil ma-
terials. My general observation would be that it wouldn't be very strong. There

1s one exception: silica, that may appear in tailings, may adsorb the radon weakly,
but I don'i think it would e a signilicant factor in retarding the release of ra-
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Abstracso

This reoort discusses a limited amount of experimental data on radon rectention by
activated carbon. The data collected were used to design a system for retention of 99%
of the radon leaving an inhalation exposure chamber. A flow diagram, shiclding consid-
erations for the carbon beds, and operating characteristics of the proposed system are
presented. A successful test of the prototype retention systcem indicated that 40 cubic
meters of air would be decontaminated of radon by one kilogram of PCB (6 x 10 mesh)
activated carbon under experimental conditions of O x2°C and 330 cm/min supcrficial
velocity or 660 cm/min true velocity with 50% void.

Introduction

Studies of the effects in animals of inhalation of radon and its daughter oroducts,
in progress in the Battelle-Northwest lapboratory for several vears, have resulted in
continuous release to the environment of approximately 300 uCi of “??Rn per minute. A
recent change in the phvsical location of these studies to a less isolated area, the
ZRDA ranual Chapter 0511 requi:ements(l), and as low as practicable (ALAP) consider-

ations{2), required development of a radon retention system capable of decontaminating
4,000 cubic meters of moist, radon-bearing air per ronta.
/%0, oo AF3
Very limited information exists in the literature for racon effluent retention
systems. Since radon is a noble gas, work on effluenc treacment svstems for krypton
and xenon 1n reactors may be applicable. Relevant information is rfound in the vroceed-
ings of the AIC Air Cleaning Conferences (3,+%,3) . The work by Jess W. Thomas (9) of the

Health and Safety Laboratory in evaluation of activated carbon canisters for radon pro-
tection of workers in uranium mines contz2ins a review of the variables involved in radon
retention. The variables considered were racon concertration, flow rate, hunmidity,
carbon dioxide concentration, temperature arnd carbon tvde.
Based upon these variables, extradolated data suggested that the radcn effluent

could be retained at the flows requirecd Zor about 15 cays in 20 cubic fecet of activated
carbon cooled to zero degrees centigrace., To pinpoint a2 more exact adsorption capvacity
of activated carbon beds, some simple experiments were cdesigned utilizing a radon gen-
erator and commercially available carbon.

'

Using the apparatus snown schematically in Figure 1, tests were conducted to deter-
mine the amount of air that could be decontaminated of ??2Rn per xilogram of Pittsburgh
PCB (6 x 16 mesh) activated carbon** under the conditions described below. The acti-
vated carbon had an apparent bulk density of 0.44 g/cm? and 50% voids in a dense packed
column. Two experiments used a 43 cm long column (0.59 kg) of activated carbon, while
one experiment used a 21.5 cm long column (0.29 kg) of activated carbon. The super-
ficial velocity in the charcoal bed was calculated to be 330 cm/minute from the 6.2 cm
column diameter and the 10 £/min flow rate. The radon-bearing air entering thc freezer
and the air leaving the freezer were monitored using alpha air monitoring equiopment.

The radon was generated at about 90 uCi/min, diluted with room air to a flow rate of

10 2/min, cooled to approximately 7°C to remove some of the moisture and passcd through
a drierite bed for further dehumidification before introduction into the freezer. In°
the freezer, which was held at a temperature of 0 +2°C, the radon-bearing air was cooled
in_a copper coil before introduction into the charcoal bed. Flow through the system was
maintajined until radon was detected by the downstream alpha air monitor. ’

*Based on work performed under Contract E(45-1):1830 with United States Energy Research
and Development Administration.
*®pPittsburgh Activated Carbon

Division of Calgon Corporation

Subsidiary of Merck & Co., Inc.

Box 1346

Pittsburgh, PA 15230 , 000136 -
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Fig. 1 Experimental radon retention apparatus

From the results of the three runs (shown in Table 1), a reasonable assumption is that
40 cubic meters of air would be decontaminatad of radon by one kilogram of PCB (6 x 16
mesh) activated carbon under the experimental conditions of 0:2°C and 330 cm/min super-

ficial velocity

Retention of Radon by Activated Carbon (PCB,

(or 660 cm/min true velocity considering 50% voids).

16 mesﬂ)

Table 1: 6 x
Column Time to Rn Vol. of Air Radon Retention

Run Lg ve Breakthrough Decontaminated Retained Efficicncy

No. (cm) (kq) {hrs) (m3) (mCi) {m*/xq)

1 43 0.59 42.0 25.2 227 12.7

2 43 0.59 40.0 24 216 40.7

3 21.5 0.29 17.5 10.5 - 95 36.2
Average 39.9 3.3

Design of Radon Retention System

the equipment to dry and
each with the capacity to
air. When one filter be-
the outlet of the filter),

The radon retention system required is visualized as 1)
precool the air stream and 2) two activated carbon filters,
decontaminate at least one month's output of radon-bearing
comes "“loaded" with radon (i.e., when radon first shows at
the air stream would be valved to the second filter. By the time the second filter is
loaded, the radon retained in the first filter would have decayed away, and the filter
would be ready for use again.

Figure. 2 is a.schematic diagram of the retention system that has been designed and
is now under.construction. All of the air treatment equipment is commercially available ] ‘
except for the-activated carbon filter. A dual system was designed for failure pro- C
tection with the exception of the cold room which contains the dual activated carbon o
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.ter. The carbon bed and massive shielding will remain at low tcmperatures for sub-
stantial time periods in event of refrigeration failure. Reduced flows may be required
even though the radon-bearing air is cooled to approximately 0°C beforc entry to the
carbon. The air handling system is designed to process up to 1.0 m?/min of air. Actual
flow rates will vary from 1 x 10=! to 0.5 m3/min initially, with higher flow rates likely
in the future.

A more detailed drawing of the dual, activated carbon filters in Figure 3 shows the
required shielding and capability to replace the activatec :arbon if necessary. The
carbon filter is a dual unit with each bed consisting of . _.0 kg of activated carbon
packed in two columns that are 31.5 cm diameter and 145 cm tall. Either half of the
unit may be used with the radon~bearing air entering the chamber at the bottom and
passing up through the two activated carbon columns simultaneously. The activated
carbon is expected to process about 4,000 cubic meters of air per month.

/ CHARCOAL ACCESS PLUG
; 4

[
(
(
!
}
|
|

¢
i:
f,
i
ROOM TEMPERATURE - RADON-BEARING AIR {
DUAL AIR ? [
COMPRESSOR (
~0% — _ [
BUILDING [
PRECOOLER EXHAUST '
SYSTEM !
~30% - !
4 H
DUAL TOWER l— RADCHN
DRYERS | MONITOR
|
~30°% — (
: ] COOLING IN
DUAL HEAT | DUAL CARBON e l A [
EXCHANGERS ‘ [ FILTERS o [
' oc Q' RADGN-BEARING AIR :
~c cowo Room | — | [
Fig. 2. Flow Schematic - Radon . Fig. 3. Dual Activated Carbon
Retention System Filter

Shieldirng Conditions

{
A si%-inch lead shield was designed around-the carbon filter. The maximum continu- {

ous input of radon was specified as 300 uCi per minute. When equilibrium is reached : [
in the carbon filter, about 2.4 curies of radon are expected to be present. Table 2 ;
briefly reviews the radon decay chain and shows only the gamma energies and yield. ¢
§

1

t

Table 2: Radon-222 Decay Series

Nuclide flalf-Life Gamma Energy i*'aV) Yield %
222pp 3.8 4d 0.510 0.07
218pg 3.05 m -- --
214pp 126.3 m 0.295 19 .
0.352 36 . o
2lbpgj : 19.7 m 0.609 . 47
1.120 17
1.764 17
2iupg 164 us 0.8 " 0.014

210p, 21y 0.047 : 4 000138
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When considering shiclding needs, 2l4pp and 2!“Bi contribute almost all of the S
gamma rays of concern. A calculated six incnhes of lead would be expected to reduce the
maximum dose rate to less than 1l mrem/hr at the outside surface of the shield. The

shielding has four access plugs on the top that would permit replacement of the carbon

if some unforeseen contaminant reduces the adsorption capacity. The radon and daughters.
would be permitted to decay before replacing the carbon. The residual 210pg which would
build up gradually in the carbon has a low yield (4%) gamma emission of low energy

(0.047 #eV) which is not expected to cause any severe exposure problems.

Conclusions

A prototype retention system for radon and its daughters has been successfully
tested. The prototype test indicated 40 cubic meters of air would be decontaminated of
radon by one kilogram of PCB (6 x 16 mesh) activated carbon under the experimental con-
ditions of 0 *2°C and 330 cm/min superficial velocity or 660 cm/min true velocity
considering 50% void.

A final design was completed and the system is expected to be installed and oper-
ational by January 1, 1976. Dectails of the testing of this system will be reported if
available at the scheduled oral presentation of this paper.
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THEORY AND PRACTICE OF RADON
MONITORING WITH CHARCOAL ADSORPTION

BERNARD L. CC ~
Department of Physics and Astronom:

7 «nd ERNE, *~ COH:
~iversity a:  -isbur,. .. Pittsburgh, PA 15260

Abstract—Because of interest in charcoal adsorption as an inexpensive radon monitoring
technique that may be suitable for mass data collection, the theory of radon adsorption
from air by a charcoal bed is developed, giving numerical estimates at all stages. The
method is practical down to air concentirations of about 0.1 pCi/l. A simple charcoal bed is
limited by the fact that its response is highly sensitive to i tlime interval before
termination of the exposure, but two simple methods of aveng this problem are
developed. Simple methods for determining the difiusion consta::. ‘or the charcoal being
used, and for optimizing the depth of the charcoal bed, are presented.

INTRODUCTION

A NUMBER of methods for monitoring radon
gas concentrations in air hav: Dbeen
developed in recent years. They encao:inpass a
variety of experimental techniques with a
wide range of sensitivities and time in-
tegration properties. Time integration is
especially important here because health
effects presumably depend on long time
averages, and radon concentrations are
known to fluctuate rapidly. It is therefore
now widely recognized that measurements of
instantaneous radon levels by ‘'‘grab sam-
pling” is far from an optimal approach for
determining exposures.

Many techniques have been developed and
used for integrating radon levels over periods
of hours, days, weeks or even a year or more.
It is our purpose here to evaluate a new
technique, based on adsorption of radon in
charcoal and measuring the. quantity ad-
sorbed by counting the y-rays from the decay of
radon daughters. This coilection-detection
method has been widely used for several
years for measurement of radon emanation
rates from surfaces (Co76). But only recently
has it teen used for measuring radon con-
centrations in air (Ge81).

501

The potential advantages of this method
arise larzely from the facts that charcoal
samples cost less than $1 (and can be re-used
many times by baking the radon out) and that
analysis could be automated so as to require
little human effort. In principle, large num-
bers of people couid be given jars of
activated charcoal for exposure in their
homes and return to analytical laboratories,
permitting rapid and massive data collection
on environmental radon levels.

n@meusmndmmw P

'p)r_c_ssurzf well belbw-onemtmospherc...wmg

would always be applicable _for. .Iadon,_hd-
so pticd ‘of gases by charcoal is governed by
s Law (Br43). ™

“v=kp, ! (1

where v is the volume of gas adsorbed per
mass of charcoal (cm’ at STP per g) at equi-
librium, p is the partial pressure (cm’-STP of
gas per cm’ of space), and k- is the adsorption

coefficient (cm’ of space per g). ¥alues of k

for radon at room temperature have been

reported in the range 2000-6000 cm’/g -
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502 THEORY AND PRACTICE OF RADON MONITORING WITH CHARCOAL ADSORPTION

(Un81; St81); we will use 4000cm’/g as a
typical value in calculations. An- equivalent
expression, using ..the. same _. adsorption
coefficient k, writes the activity adsorbed per
unit mass as'

.Q/m =kC, { )

where Q+is the adsorbed activity (pCi). m-is
the-mass of-charcoal (g);, C is the airborne
radon-concentration (pCi/l.), and

k = 4000 cm’/g = 4 1./gm or pCi/(g-pCi/l.).
3)

Therefore, in the equilibrium situation, each g
of radon has adsorbed the radon present in
41. of air, resulting in 4 pCi of radon for each
pCi/l. of radon in air.

If carbon of mass M+is placed in a closed
volume: V+containing an initial concentration
€5:the adsorption reduces the concentration
to

C=Co=-QlV, “4)

assuming equilibrium is reached in a time that
is short compared with the radon half life.
Solving equations (2) and (4) simultaneously
gives ‘ '

km

Q= kmCo/(l +7). )

If the volume V is much less than 41./g of
carbon present, the first term in the
denominator is negligible and (5) reduces to
Q=C,V V small, (6)

i.e. the carbon adsorbs essentially all of the
radon. For example., in an emanation
experiment, we might have V=5, m=
100 g, whence km/V = 80, which is much lar-
ger than 1, so all but 1/80 of the emanating
radon is adsorbed. As another practical
example, a closed 1-1. jar containing 250 g of
charcoal would have km/V =4x250/1=
1000, so all but one-thousandth of the radon
is adsorbed. : »
On the other hand, if W.isvery large, as in
an open room ¢~10°L), the second term in

the denominator is much less than 1, so (5)
reduces to

QEkmC RS o

and a measurement of Q plus a knowledge of
k (or a calibration with a known C,) gives a
determination of C,. This, of course, is the
object of our application.

At this point it is of interest to consider the
practicality of measuring the adsorbed radon.
For our 3- x 3-in. Nal (TI) scintillation crystal,
we constructed a Marinelli beaker which
holds 250 g of carbon. Measurements with a
calibrated '’Ba source indicate that it detects
0.35 MeV y-rays with an efficiency of 10.5%
for counts under the photoelectric peak.
Since 36% of Rn decays are followed by the
0.35 MeV y-ray from *“Pb, we may expect
from 1pCi of adsorbed radon 0.105x0.36
3.7 x 10~ counts/sec = 0.083 counts/min.
From equation (2), at equilibrium the 250 g of
carbon would contain 1000 pCi of radon.
yielding 83 counts/min per pCi/l. in air. Inside
our li-in. thick lead shield, the background
with the Marinelli beaker filled with freshly
baked out charcoal has no peak at 0.35 MeV.
and the total within the limits used for detec-
ting the peak is about 32 counts/min. Thus 2
radon level of 0.1pCi/l. would give counts
25% above background and would be easily
detectable. Sensitivity can be further
enhanced by using other peaks in the spéc-
trum, although they also contain contriby-
tions from thoron decay. :

Returning to equation (7), it must be
understood that this simple expression !5
valid only when equilibrium has be¢e”
reached, which is the case onty when ail of
the charcoal is in intimate contact with the
air. This could be realized by having th¢
individual grains of charcoal spread out 0v¢f
a surface, but there are two practical prob-
lems with this approach. Firstly, unless ! ¢
surface is very large, there would not be
enough charcoal to adsorb sufficient radon ©°
measure with y-ray counting: and secon Y
this gives an instantaneous measurement ©
radon concentration, equivalent to 3 *'m‘,
sample. and hence does not integriale o 4
time. The last point is not strictly correct #*

takes a fes
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minutes of
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takes a few minutes for equilibrium to be
reached even between a singie grain of char-
coal and the surrounding air, so there is a few
minutes of time integration, but this is hardly
.. fAcient for our purposes. In order to avoid
(nese tvw. aroblems, we must consider a bed
of charcoal of appreciable depth.

DIFFUSION OF RADON INTO A
CHARCOAL BED OF INFINITE DEPTH
Boundary conditions for the diffusion equa-

tion

In this section we treat the mixture of
charcoal, air and radon as a continuous
medium with each microscopic volume in
equilibrium as described by equation (2), i.e.
with 4 pCi/g (of carbon) adsorbed for each
pCi/l. of radon in the surrounding air. We
consider the one-dimensional problem of
diffusion perpendicular to the charcoal-air
interface, with displacement variable x equal
to zero at the interface and increasing with
depth into the bed. We take y(x,t) as the
concentration of radon in the continuous
medium in pCijcm’, with t being the time in
seconds.

Fick’s law of diffusion states that the flux,
J, the rate at which the diffusing substance
crosses an area, is proportional to the con-
centration gradient, i.c.

--p¥
J=-D3. (8)

where D is the diffusion constant. For a
substance that decays with & rate constant
A(2.1 X 107 sec™" for radon). onservation of
mass and application of (8) icads directly to
the diffusion equation,

2
%%=D3—x)v:—/\y. )

For the case where the charcoal bed is
exposed at time zero, this differential equa-
tion is to be solved with the initial condition

that
att=0,y=0forx >0. (10)

The boundary condition at the air—charcoal

interface requires that the concentration of
radon in the air, C, be the same on both sides.

If the porosity of the bed is f, a volume dV of

it at the surface contains f dV cm’ of air and

p. /g of carbon, where p is the measured
density of the bed (which includes the effect
of the porosity). The quantity of radon in d V,
ydV.is then CfdV in the air plus kCp dV in
the carbon, using equation (2). The latter
greatly exceeds the former which we there-
fore ignore, giving the boundary condition

atx =0,y = kpC(1). {10a)

In this section, we consider a bed of infinite
depth, so the other boundary condition is

atx ==,y =0, (10b)

The diffusion constant, D

Before proceeding with solutions, it is use-
ful to have a value for D. A method for
estimating diffusion constants is given by
Underhill (Un77), who used it for obtaining D
for krypton and xenon. His formula is D =
(ye'D,/pk), where D, is the diffusion constant
for the gas in air,"y is a tortuosity factor for
the charcoal, €' is the fractional interparticle
void volume, p is the density of the charcoal,
and k is the adsorption coefficient. D
depends on atomic sizes, masses, and the
modynamic properties not readily availabid
for radon, but all of these are slowly varying
functions of atomic weight for noble gases.
Underhill derives D, =0.173 cm?/sec for Kr
and 0.138 for Xe, from which we extrapolate
D, =0.12 cm’/sec for radon.

Underhili estimates y =0.6, ¢ =0.45, p=
0.5 g/lcm’ as typical properties of charcoal.
Using these and taking our typical k=
4000cm’/lg  gives D =1.6x10""cm¥/sec.
Underhill's best estimates of D for Kr and
Xe were about 20% smaller than those
derived from this calculation, so we apply the
same correction to «.r estimate for radon,
which gives

D=1.3x 10" cm’/sec. (1)

Note that this is based on our assumed value
for k, and varies in inverse proportion to it.
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solitivas jor diffusion equazion

We now consider soiutions feor the
Jiffusicn equation (9) with ooundarvy con-
Jitions squatici 710). Solutions for some
tases can be obtained anatvtically U we
.2nore the sffect of radioactive dezay by set-
ting & =23 in 19 Sucn. solutions are valid for
synss shert in comparison with the 3.R8-day
Aalf life of FRao. It DAL dashmeten o
consider the benhavior of 3 shor Uin
culse of rodon concentration in air. This 1s
represented mather - -nily &+ choosing C(t)
n equation {10a} -

any,

Clt)y = C,78(0). {12)

wmare %07V 15 a2 function which s zero
Cevrsce ccept A =4 and satisfies

Vs v o e L <o oeasuems, [T C At -

Lot UgeY U Ty arrencenitation
- S L . 2t SRS SN V-1
v ondives - Wl LUkl

Atz =2, v = Aadtt:, where a4 = xp(C.r.
{i4)

The solution of equation (9) with bcundary
condition equation (14) is readily obtained by
nse of La Place transforms as

AXx —eNare

y = W [4 5N
The totai quantity of radon adsorbed in the
charcoal bed, Q. is

= AJ(-E—)V”’. (16)

- .ndicates that the contribution of a pulse
i{¢ is inversely proportional to the square
=2t of the time after exposure, assuming ! is
small compared with the half Iif: of radon.

Since (9) is a jinear differeat:al equalion.
soiutions are additive and the radcr concen-
tration in air as & function of nme. C{.j. may
he thought of as a continuous senes of these
pulsas. For example. for C(.) woastant {= Cuy
over the entire measurement, #» cconskes i
senes of oulses of height 2, and duration dr
fi.e r—d1) giving 3 contnbution. 2@ frcm

Ay and P10 s

~ DN\ a
4Q = kp(C, \'/(;> rTot de
Integrating this from ¢t =0 to t gives
Q(t) = 2kpC, \/(-:3) t'?, (n

«nich tndicates that the radonr accumiiatoa
poreases s the squais 0ot of the 2xnasnes
M2, anwe represented by L

.-th+: sim~ dependences =f {7it) coula be
Mmiseriec to obtain (1) in stmilar fasinoa, b
i is perhaps most convenient (o think 2 {05

-~ as a vutestant leading to (177 plus short spikes,
- oither possive or negative, wross =fecis are

addec by ase of {16}

Since (1) is nct ordiparily ancwn. -
measurement of Q wauld be inierpreted in
terms of an average level C, obtained by use
of (17); L.e. for an exposure time T, for which
the measured accumulation is Q(T,). the
average radon level would be taken to be

C, = o(m/[zkp \/(\g)r.”f]. (18)

This interpretation would be correct assuin-
ing T, is much shorter than 3.8 days if the
concentration in air were constant throughou!
the measurement. The question is, how
closely does this reflect the actual average
concentration?

In extreme situations, it can be highly in-
accurate. For example, if the actual C(1) 1$
due to a single short pulse, the difference
between its occurrence 15 and 1500 min (!
day) before termination of the exposure, a¢-
cording to equation (16). is a factor of 10 In
general, Q(T), the contribution of a concenr
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tration occurring time. T prior to termination

of the exposure is

Am=ay/(B),

a function whose behavior is shown by curve
(a) in Fig. 1. '

This large variation with T corresponds to
a large possible inaccuracy due to the time
integration. In fact the large peak near T =0
leaves this type of measurement with most of
the limitations of grab sampling. It would be
highly advantageous to reduce these limita-
tions and produce measured results which
more closely reflect the average concen-
tration during exposure time.

Methods for improving time integration

(1) Added adsorber method. One method
for reducing the above problem is to have a
period of time T, at the end of the exposure
during which C=0. This can be ap-
proximated by inserting a fresh sample of
activated charcoal over the bed and then

Detection Sensitivity (relative unils)

1 1 L b
o2 Oa (o 1 o8
1/7,

F1G. 1. Detection sensitivity vs time before the
end of exposure (T). assuming a total exposure
time T,. (a) Simple charcoal bed, {(b) added ad-
sorber method, (c) skimming method with
b’/4DT, = 0.1 (c.1) and 0.2 (c.2).

closing the jar, since the fresh sample would
rapidly adsorb all the radon out of th
entrapped air, and would continue for som
time to adsorb the radon diffusing out of th
bed. This should generally be valid for T.
much shorter than T,, the initial cxpo'sure
time. )

The contribution to Q at the end of T,

from various times T before termination of
the exposure is then

QT)=A \/(g-) (T+To)™  (19)

A plot of this for T,= /2T, is shown by
curve (b) of Fig. 1. Clearly this situation is
much more favorable than that for curve (a);
the sensitivity to T varies by only a factor of
1.7 between the extremes of a pulse occurring
near the beginning and near the end of the
exposure.

For the case of constant C = C, during T,,
the quantity present after T,+ T, is just the
difference between a constant exposure for
time T,+ T, and the same constant exposure
for T,. From (17), this is Q, given by

D s
Q = 2koCo (2) 1Ty + T2 - T,
The measured Q; would then be used t.
determine C, by solving this, which gives

Co=Q /20 J(B) T + Ty -
- (20

The logistics of this method might be to
give participants two jars, one containing the
bed, and another with a separate charcoal
sample attached to the lid and contained by a
screen. The participant removes the lid of the
first jar, exposes it for a time T, then
removes the lid of the second jar and screws
it on the first jar, lets it remain in that con-
dition for a time T,, and then removes that lid
and screws on the original lid. Until this time
it is important not to shake or disturb the bed,
but once the original lid is replaced, there is
no problem in shaking it as all radon in that
jar will be adsorbed into the charcoal. In fact,
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506 THEORY AND PRACTICE OF RADON MONITORING WITH CHARCOAL ADSORPTION

it is necessary to shake it thoroughly before
transfer into the counting beaker because the
detection efficiency varies considerably with
location in the dish, and we assume that the
adsorbed radon is uniformly distributed
through it.

(2) Skim-off method. An alternative method
for-improving the time integration over that
represented by curve (a) in Fig. 1 is by
skimming-off the top part of the charcoal bed
at the end of the exposure period. This could
be done by having the top part of the bed
contained by a screen material so that it can
be easily removed. The participant would
then be instructed to remove this piece
before screwing the lid back on. This could
be simpler for the participant since his
activities would be confined to two opera-
tions at different times (starting and stopping
the exposure) rather than requiring three as in

the added adsorber method.
In this situation, the quantity of radon left
in the bed differs from that calculated from
(16) in that the integration is not from x =0 to
infinity, but rather from x=b to infinity
where b is the skimming depth. The in-
tegration then gives

QT)=A \/(g)r"“c'“”“” e3)

where we have replaced t by T since both
are actually the time interval between occur-
rence of the pulse and the end of the

exposure. Plots of Q(T) from (21) are shown

in Fig. 1 for b*/4DT, = 0.1 (curve c.1) and 0.2
(curve c.2). We see tnat these do indeed
flatten the dependence of the accumulated
radon on time of pulse occurrence. They also
remove all sensitivity to radon concentrations
occurring near the end of the exposure, but
this is not an important problem since one
can simply consider the exposure to be
somewhat shorter than T,, and in fact, this
would be automaticaily taken into account in
calibrating with a_ known constant radon
concentration. It is certainly much preferable
to the opposite situation encountered in curve
(a) where a relatively small pulse of radon
ery near the end of the exposure can grossly

distort the measurement.

From Fig. 1, it appears that an optimum
skimming depth is about b%/4DT, = 0.2. With
our typical D=13x10"cmsec, b=
l1em x T'? (days). It should be emphasized
that the skimming must be done immediately
at the end of the exposure. If it is delayed,
the radon in the top layers will diffuse down
into the bed and the method is no longer
valid.

SOLUTIONS FOR FINITE BEDS

In the previous sections, we have used the
approximations that the depth of the charcoal
bed is infinite and that the radioactive decay
of radon can be ignored (A =0 in (9)). In
order to solve the basic differential equation
(9) without these approximations, a computer
program was prepared. The radioactive decay
is taken into account by simply using the
correct value for A in equation (9), 2.1x
107%/sec. A finite depth (or height) of the bed,
h, is introduced by changing the boundary
condition (10b) to

= = =ix /
atx=h,J=0 Ix (10b")

Results of calculating the total radon ac-
cumulated in charcoal beds of various depth
are shown in Fig. 2 for exposures of 1, 2 and

y v
‘
’ 3 Doys
!
I ’
° ’
s f 2 Days
oL ’
":‘ ’
a ” I Doy
[
ot
A=
o
[ 4
-
t 1 L
[ 2 3

Depth of Bed (cm)

F1G. 2. Total radon accumulated as a function of
bed depth for exposures of 1, 2 and 3 days. Cross
marks on the curves are the values of V(DT
discussed in the text. These curves are calculated
for D =1.3x 10" cm’/sec, but they are applicable
to other D by multiplying the abscissa scale by
(DI1.3x 107", Dashed line represents infinite
exposure and no radioactive decay as represenled
by equation (7).
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3 days with our typical value of D. The
dashed line represents an infinite exposure
with no radioactive decay, as represented by
equation (7).

According to (15), diffusion may crudely be

viewed as a spreading out over a distance of

about
=2V(Dt). 22)

Wher .= diffusion front reaches the bottom
of the bed, it is reflected from the container
surface, so the reflected front comes back to
the top of the bed after travelling a distance
2h. After that, the adsorption is ap-
proximately in equilibrium, as gas diffuses
out of the top surface as fast as it diffuses in
(ignoring radioactive decay). The time
required to reach this equilibnum, ¢, is
obtained by setting x in (22) equal to 2h,
which gives

t =~ hYD (23)

learly of little use to expose the
charcoai for a time much longer than t, so
the depth of the bed should be not much
deeper than

h = V(DT) (24)

where T, is the exposure time. The values of
h from equation (24) are shown by cross
marks on the curves in Fig. 2. We see that
bed depths given by equation (24) collect
about 85% as much radon as an infinite bed
depth with the same exposure.

Determination of D and bed depth

In order to choose the depth of charcoal
bed from equation (24), it is necessary to
know the diffusion constant, D; variations of
D with charcoal type are much too large to
accept our typical vaiue.

A simple method for determining D is to
expose the same quantity of charcoal in dis-
hes of various areas and hence, of various
depth. After exposure for some time period
(1-3 days), the quantity of radon adsorbed is
determined by y-ray counting to determine

the quantity per unit surface area. q. Accord-
ing to Fig. 2, for large depths q is in-
dependent of h whereas for small depths it is
proportional to h. By plotting. or simply by
inspecting the data. one determines the vaiue
of h for which g is 85% of its value for large
deoths. Insert! : this value of h in (24) gives
D.

~ an example. we made determinations
for Calgon Type PCB 12x30 charcoal.
Samples weighing 250« were baked out at
110°C overnight and then placed in four dishes
of differing areas (sample D was used to

~measure background before it was exposed).

After 3 days, the samples were transferred
to closed jars and shaken up thoroughly so as
to eliminate correlations between position in

‘¢ bed and -~ :ion in the counting beaker.
Laey were tiaen transferred in turn to the
latter and counted for 80 min with a multi-
channel analyzer. The number of counts un-
der the 0.35 MeV peak were determined from
the spectrum, and after subtracting back-
ground (5100 counts), the values listed in
Table 1 were obtained. Dividing these by the
area gives the values of q in that Table.

One would not expect sample A to have a
smaller g than sample B. or sample C to have
more than twice the g value of sample D, but
these problems are presumably due to statis-
tical fluctuations, fluctuations of radon leveis
in the room, or experimental errors. From the
data presented it would seem that the infinite
bed depth q vaiue is about 1300. Following
our prescription, 85% of this is 1100. From
the g value for sample C, this corresponds to
h a little larger than 1.9cm. The g value for
sample D is 46% of that for infinite depth;
from Fig. 2, the 46% height on a 3-day
expasure is reached for h = 0.8 cm whereas
V{LT) is 1.95cm. so we might expect our
VI(DT)) to be 1.95/0.8 times the depth of
sample D (0.9cm), or 2.2¢cm. From our data
on sample B. V/(DT,) must be very much less
than 3.1cm. All of this is consistent with
V(DT)=22cm. Since T,=2.6%10'sec !
days), this corresponds to L =
1.86 X 107’ cm*/sec. A reasonable choice
bed depth is about 2.2 cm.

Once D is determined. it might be useful to
convert the curves in Fig. 2 to that basis. It is
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Table 1. Data on caigon type PCB 12 x 30 cﬁarcoal

Sample dish area depth counts-8g  q(Cts/Ares)
A 75 emd 6.7em 1590 1190
8 162 kN 2230 1380
c 264 1.9 2820 1070
D 550 0.9 2800 510

evident from our basic equation (9) that if
one transforms the units of displacement by

- x'=x/V(D), (25)

equation (9) becomes

Q
<
QO

= 2y—
{  ox”

Ay,

@

which is independent of D. If this trans-
formation is also applied to the boundary
conditions, all results become independent of
D, including Fig. 2. Since Fig. 2 was cal-
culated for D = 1.3x 107, to convert it to our
charcoal, the abscissa must be multiplied by
V(1.86/1.3) = 1.2. It would be equally valid to
multiply it by the ratio of V(DT,) to that
shown by the cross marks in Fig. 2,
(2.2/1.8) = 1.2.
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Abstract—Development of a practical detector for collecting Rn by adsorption in charcoal with
a time integration of 2 d or more, achieved by use of a diffusion barrier through which Rn
enters, is described. The sensitivity is adequate for monitonng Rn levels in houses. It is easily
sent and returned by mail, and instructions for use are simple enouzn for any householder to
follow. The cost per measurement is apparently well below that for competitive techniques.

INTRODUCTION

ADSORPTION on charcoal is a simple and inex-
pensive method for collecting Rn and it is well
suited to simple v-ray counting for determination
of the quantity adsorbed. However, an important
limitation of this method is that Rn desorbs from
a charcoal bed as well as sorbing onto it, making
the contribution to the total quantity adsorbed
from the end of the exposure period much more
important than that from the heginning (Co83).
As a result, measuring Rn cc ntrations in air
by charcoal adsorption has = .a the character
of a “grab sample™ which gives 211 instantaneous
concentration rather than the average over an
appreciable time period. However, since health
effects of Rn are proportional to exposures in-
tegrated over time, one is usually interested in
time-averaged Rn levels rather than instanta-
neous levels. This problem is aggravated by the
facts that Rn concentrations often have diumal
variations, and also frequently undergo irregular
short-term up and down vanations by as much
as an order of magnitude (Co84). Time averaging
over a few days is therefore a highly desirable
feature for a Rn collection device.

Prichard and Marien pointed out that time av-
eraging can be extended in charcoal adsorption
devices by interposing a diffusion barrier between
the -harcoal and the ambient air being sampled
(Pr&3). As long as the charcoal adsorbs the Rn
as fast as it leaves the diffusion barrier, the Rn
concentration in the air inside the detector, C;,

is much less than that in the outside ambient air,
C,, so the conceatration gradient across the dif-
fusion barrier is just proportional to C,. In quan-
titative terms with Q equal to the quantity of Rn
in the collector, the rate at which Rn passes
through the diffusion barrier, dQ/dr, is given by
diffusion theory as

Q.m=0E4 .
ds

DA
= _L— (C.—-C)

= PC, (Ci<C,). (n
where
J is the diffusion current, usually ex-
pressed in pCi/cm?-sec (Bq/cm?-s);
A is the cross-sectional area of the barrier;
dC/dx is the concentration gradient:
D is the diffusion constant defined by J
= DAC/dx; for Rn 1n air, D is about
0.1 cm?/s at room temperature (Lid41);
L is the length of the diffusion bammier: and
P = DA/L (2)

and the second line is derived from the frst by
noting that conservation of mass requires that
d//dx = 0 whence dC/dx is constant.

From the last form of eqn (1) we sce that Rn

457
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458. MEASURING Rn CONCENTRATIONS IN INDOOR AIR

enters linearly with time, which is the require-
ment for a time-averaging device. However, the
requirement C, < C, places a limitation on the
sensitivity of a detector. The adsorption coeffi-
cient of charcoal (St81) for Rn & is about

k = 4000 pCi/g—charcoal per pCi/cm’ in air
(=4000 Bg/g-charcoal per Bq/cm? in air).
(3)

Thus, if a mass m of charcoal were directly
exposed to the ambient air, the quantity of Rn
it would adsorb, @', would be

Q' = kmCo'

whereas the quantity it adsorbs with the barmier,
Q,is
Q = kmC,. (4)

The condition C; < C, thus implies Q < Q'
which means that the amount of Rn collected
for measurement is greatly reduced, and hence
sensitivity is being severely sacrificed.

The most important present application of
these techniques is for monitoring of Ra levels
in homes, cheaply and conveniently. For this
purpose, sensitivity is an imporntant limitation,
so compromises are called for.

A practical device consists of a charcoal bed
which air can enter only through a diffusion
barner. We next consider the design of each of
these.

DESIGN CONSIDERATIONS—CHARCOAL BED

The goal is to develop a collector which can
be sent by mail, deployed by the resident follow-
ing very simple instructions, returned by mail,
and measured by placing it against a y-ray de-
tector capable of quantifying the amount of Rn
from the characteristic y rays of the Rn decay
chain. One way (0 increase sensitivity is to in-
crease the mass of charcoal, m. Since most y-ray
detectors are only about 7 cm in diameter, it does
not pay to make the diameter of the charcoal
container much larger than that.

Figure | (Co83) shows the quantity of Rn ad-

sorbed by a charcoal bed as a function of bed
epth and time; the dashed line represents ex-

}

7 3 DOYS
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Q
w s
° )
g / | {Day
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| 2 3

Depth of Bed (cm)

FiG. 1. Total Rn accumulated in a charcoal bed vs bed

depth for exposures of 1, 2, and 3 days. Dashed line

represents infinite exposure with no radioactive decay
(from Co83).

pectations from eqn (4). We see from Fig. | that
the quantity of Rn adsorbed by a charcoal bed
does not increase much as the depth is increased
beyond about 1.5 cm; the diffusion rate is such
that radioactive decay negates the increased ad-
sorption beyond that depth. Deeper charcoal beds
also reduce vy-ray counting efficiency by moving
the Rn further from the detector and absorbing
¥ rays, and they increase the bulkiness and post-
age costs of the package. Container availability
is also a consideration here; it is important to
have a low-cost, gas-leak-proof container with a
tight-fitting lid. Metal “ointment cans™ accom-
modating charcoal beds 1.5 cm and 3.5 cm deep
were tested. and the former, containing 25 g of
charcoal, were chosen as the best compromise.
The charcoal beds are covered by a fine mesh
screen held in place by RTV cement.

DESIGN CONSIDERATIONS—
DIFFUSION BARRIER

We now consider the design of the diffusion
barrier. Its purpose is to extend the integration
time for the Rn collection without greatly reduc-
ing the total accumulation of Rn at the end of
exposure. since this determines the seasiivity,

First, we apply a theoretical approach.
The uime constant, 1,, for a charcoal bed to

000149

5975

adsor
be est

where
g/cm’
i 1.3
be a:
takes !
and d.
the di:
that o1
berwee
of its .
applies
Fro:
the ins
1o 3 vC

where
charco:
Fron
equatc
staant 1,
given b

where £
h=1.25
be esum
Note -
the ime
lector. ~
for the
therefort
10 1ake .
greatly s
thinking
viousliy (
of r.and



)

————

B. L. COHEN and R. NASON

adsorb Rn in air within | cm of its surface may
be estimated from eqn (17) of Co83 as

. x
*  4kpD’

whete p is the density of the charcoal bed, ~0.5
g/em’, and D is the diffusion constant for Rn in
it, 1.3 X 107 cm?/s. With eqn (3) this gives ¢, to
be a fraction of a second. While this estimate
1akes into account only the diffusion into the bed
and does not consider adsorption dynamics, or
the diffusion through the 1 cm of air, it is clear
that on a time scale of »<urs or days, equilibnium
between a charcoal beg and the air within | cm
of its surface is essentially instantaneous. This
applies to the air inside our Rn collector.

From the standpoint of the diffusion barrier,
the inside of the collector is therefore equivalent
to a volume of air, V1), given by

yel

C’ (5)

where Q is the quantity of Rn adsorbed in the
charcoal

From the well-known solutions of the diffusion
equation (e.g. eqn (15) of Co83), the time con-
slant, ¢, for reaching the equilibrium value of Q
&ven by eqn (4) is about

hZ

where £ is the depth of ‘the charcoal bed. For
h'= 1.5 em, this gives 1. = 12 h; this could also
estimated from Fig. 1.
Note that both ¢, and (, are much smaller than
ume constant we are designing into our col-
lector, ~60 h, which is basically the time constant
for the diffusion bamer, Q/(dQ/dr). 1t is
therefore a reasonzbly accurate approximation
10 take 1, = 1. = 0. This has the advantage of
U?a‘ly simplifying the mathematics and one's
"_hnkmg. This approximation has been used pre-
Viously (Pr85). With it ¥ becomes independent
o't and from eqn (4).

V = km. 6)

459

There are two factors affecting dQ/d1, entrance
of Rn through the diffusion barrier as given by
eqn (1), and radioactive decay. Thus,

X nc-c)-re

Inserting eqn (5), this becomes

dC, P P
— =—~=+)|C +=C,. 7
= (V )c L 1)
Equation (7) is the form familiar from production
of a radioactive isotope, or with C, = 0, simple
radioactive decay with decay constant, 7, gi*7a
by

P
--‘;+X. (8)

~N |

The well-known solution for C; =0 att=01is

bV
FIV A

= CAl = ArX1 —e™').

C,' = Co (l - C-‘/')

&)

For C; = C,, C, = 0 att = 0, the solution of eqn
(D is

Ci=Ceae™. - (10)
Equation (10) provides an experimental method
for determining r; it is only necessary to expose
the detector to a high Rn concentration for a day
or so to get the charcoal well loaded with Rn,
close the detector for a day or so to assure that
the Rn becomes equally distributed through the
charcoal, and then expose the detector in an area
of low Rn concentration and follow the decay of
the count rate.

Equation (10) is also the key to understanding
the integration ume constant for the detector.
Since the equations governing the diffusion
through the barrier and into the charcoal bed are
linear, solutions are additive. The effect of a short
exposure leading to collection of a quantity of
Rn. AQ, at a time T before the end of the ex-
posure gives a contnibution to @ at the end of
exposure of 3Qe”'"". In the parlance of electronic
circuitry, 7 is the “integra’;cn time constant.”
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According to eqn (4), C,/C, is equal t0 Q/Qmax
where Qr.. is the accumulation with an infinitely
fast and efficient diffusion barrier, P = x. Plots
of @/Qma from eqn (9) are shown in Fig. 2. We
see there that by sacrificing half of the sensitivity,
our detector can have an integration time con-
stant of about 2.5 d; if we are only willing to
sacrifice ope-fourth of the sensitivity, we can
achieve an integration time of about 1.3 d,
whereas if we are willing to settle for only oae-
fourth the maximum sensitivity, we can have an
integration time of over 4 d.

Settingr = SO h = 1.8 X 10%s, ¥ = km = 4000
X25=1Xx100cm’ A = 2.1 X 107%s in eqn (8)
gives P = 0.35 cm?/s, whence, from eqn (2)

DTA = 0.35 cm?/s.

If our diffusion barrier is to be made with a thin
film of some sort, for which D ~ 107 cm?/s, we
require A/L = 10’ cm. The maximum value of
A is the area of our detector lid, about 40 cm?,
so the thickness of the film would have to be
about 1073 cm thick; no such films are available.
The aiternative is to use diffusion through air
for which D = 0.1 cm?/s. The distance from the
1id to the charcoal bed is | cm, which requires
A = 3.5 cm?, a 2.1-cm-diameter hole. The sim-
plest approach would then be to punch a hole of
that diameter in the hd.

One problem with this is that convection could
have an important effect on the passage of air

through the barrier. To avoid this, the hole was
covered by two pieces of fine mesh (0.001-inch
openings) nylon screen separated by a 2-mm-
thick cardboard ring, all glued together and to
the inside of the lid. If one blows hard on one
side of this assembly, no draft can be felt on the
opposite side. This would seem to solve the prob-
lem of convection.

There are some inaccuracies in the calculation
given above. The cross section of the flow area
expands from a 2.1-cm diameter at the lid to a
7-cm diameter at the surface of the charcoal, |
cm below. The length of the diffusion path is not
simply | cm in that geometry. Moreover, the
cross-sectional area is affected by the screens
which have only 50% open area. The best ap-
proach in this situation is empirical. Holes of dif-
ferent sizes were punched in lids, nylon screen
assemblies were attached, charcoal beds were ex-
posed to Rn, and the decay of the y-ray count
rates was followed for several days. The count
rates vs time were reasonably well fitted by

straight lines on semi-log paper as expected from

eqn (10). Examples are shown in Fig. 3. The val-
ues of  derived from the slopes of these lines are
plotted vs the diameter of the holes in the lids in
Fig. 4. Also shown there, by the dashed line is
the value calculated from eqns (8) and (2) with
L =1 crn and 4 = area of the hole. The agreement
is as good as can be expected considering the
problems in the calculation discussed above, The
hole size chosen to give the desired 50-h integra-
tion constant was [.9 cm ({ inch) in diameter.

1.0 —
Tsi12h 0.8t
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0.73
S ~al / S e 0.64
o
£ 06r /) /' e —m ... 0.%%
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F1G. 2. Radon accumulation. Q. vs time for various values of r according to eqn (Y). (ma 15 U
for r = 0, an infinitely fast diffusion bamier.
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3. 3. Count rate vs time for collectors with various
diffusion barriers. All but top data are for double nylon
screen with e hole in the lid of the diameter stated.
Top data are for a §-inch hole in the lid covered by a

single nylon screen and a sorbit bag taped below.

HUMIDITY PROBLEMS
Charcoal is an excellent adsorber of many gases
other than Rn, including water vapor. It is well
known that the quantity of Rn adsorbed is there-
fore reduced as humidity increases, because some
of the adsorption sites are taken up by water mol-
ccules, making them unavailable for Ra. Typical
data in the literature indicate that high humidity
reduces the Rn adsorption to about half of that
& low humidity. This problem is usually ad-
dressed by determining the mass increase of the
charcoal during exposure, and using this as a
measure of humidity to derive a correction. This
requires additional time and effort, and intro-
duces additional uncertainty into the results. It
eemed reasonable to hope that these could be
avoided by including a desiccant as part of the
diffusion barrier.
. Nis interesting to note that even without des-
iccant, the diffusion barrier itself does a lot to
Ce moisture uptake. The double nylon screen
-aer typically reduces the moisture uptake to
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one-third of its value with an open charcoal can
{no barrier).

Insertion of a desiccant raises two questions:
how will it affect the diffusion of Rn, and how
will it reduce the moisture uptake of the charcoal.
At the outset, it seemed obvious that the second
problem would be trivial—adding desiccant is
bound to reduce moisture uptake by the char-
coal—while the first problem seemed to be the
major one. The situation turned out to be quite
the opposite.

Insertion of desiccant introduced little problem
with diffusion. Many different configurations
were used, including various types of desiccants

in various type bags (and in a few cases without

bags), in various geometries, but in no case was
the diffusion of Rn retarded greatly. Bags made
of heavy brown kraft paper introduced apprecia-
ble retardation, but that was easily compensated
by increasing the size of the hole in the lid. None
of the other four bag types tested made enough
difference to warrant this action.

On the other hand, introducing desiccant was
not nearly as effective as expected in reducing
moisture uptake by the charcoal. Replacing the
double nylon screen by a desiccant bag as a cov-
ering over the hole in the lid typically reduced
the mass gain of the charcoal by 20%. Only by
filling the entire [-cm-high X 7-cm-diameter
space above the charcoal retaining screen with
loose desiccant could the mass gain of the char-

60 \ -4

T {hour)
rs
o
1

20+

diom of Hole (cm)

AG. 4. Values of r from measurements of Rn loss vs
diameter of hole in detector lid. In all cases but the
one marked. holes were covered by a double nylon
screen. Dashed line shows the values calculated from
eqns (8) and (2) with L = | cm and 4 = area of hole.
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coal under high humidity conditions be reduced
to half of that with the double nylon screen alone
and this involved substantial extra effort, weight
and cost. The most practical scheme involving
desiccant was taken to be taping a tightly packed,
fine-grained bag (3-g “‘sorbit” bag) over the hole
in the lid. These bags cost 3¢ each and take only
few seconds to install or remove. With a { inch
hole, they extend 7 1o 3.1 d (cf. Fig. 3). A con-
" siderable amount of monitoring was done with
these. One advantage is that the variation of Rn
collection with humidity is somewhat less than
for the double nylon screen barrier. On the other
hand, it is still desirable to measure mass gain by
weighing. In one study of 165 houses over a pe-
riod of several months, corrections based on mass
gain were all within +10%.

DURATION OF EXPOSURE

It is evident from Fig. 2 that, for a 3.1d time
constant, there is little advantage in extending an
exposure 10 more than about 7 d. In fact, there
is some disadvantage in longer exposure because
the moisture pick-up is increased. For measure-
ments done by members of the general public,
there are advantages in a one-weck exposure,
Many aspects of every day life have a one-week
periodicity, making it easier to remember when
to terminate an exposure. With a onc-week ex-
posure, it makes less difference if the exposure is
mistakenly made a day longer or a day shorter.
A houscholder, being aware of the detector’s
presence, might change his relevant habits (e.g.
keeping doors or windows open or closed) for the
first few days, but would be less likely to continue
to do so for a full week. It was therefore decided
to standardize on a one-week exposure.

Of course, the first few days of exposure con-
tribute little to the result in this case, but there is
no a priori reason why that should raise or lower
the result. The goal of these measurements is to
derive a random (in time) sample of Rn levels
averaged over a period of a few davs. and a one-
week exposure achieves that end.

LOGISTICS
All matenals for the detector are available
commercially: metal “ointment cans.” 3-inch-
diameter X l-inch-high, with tight-fitting lids
(25¢-50¢): cocoanut charcoal stze 12 x 30 (32
per pound)—size 4 X 10 was aiso tried and per-

MEASURING Rn CONCENTRATIONS IN INDOOR AIR

formed equally well; fine mesh wire screen to re-

tain the charcoal, cut to size and cemented in
place; and very fine mesh nylon screen and des-
iccant bags to form the diffusion barrier. Holes
were punched in the can lids with electronics
chassis punches. Double nylon screen diffusion
barriers were glued in place, while the desiccant
bags were taped. A complete detector and its
mailing box costs about $1, and takes less than
15 min to assemble, so lost detectors are not a
problem. The charcoal is baked out to remove
moisture and weighed (25 g) in assembling the
detector. For each use, the detector is baked out
overnight at 120°C with the lid off to eliminate
adsorbed Ra. Shortly afler the oven is switched
off, the lid is instailed, the detector is removed
from the oven, and after a few minutes of cooling,
the lid is sealed to the can by wrapping with black
rubber electrical tape. The diffusion barrier is
normally closed by an Al foil covering the hole
and sealed to the lid by a piece of gray duct tape
to which it is stuck. Exposures are started and
stopped by simply removing and re-attaching this
gray tape. ‘

The detector is weighed and packed in a 34
X 31} inch cardboard box with an instruction
sheet, a tape for resealing the box for return, and
a return address label. The entire package weighs
34 ounces. The instruction sheet includes advice
on locating the detector and on starting and stop-
ping the exposure, a data sheet with name, ad-
dress, start time, and stop time to be returned
with the detector, and a warning that it must be
returned promptly by first class mail.

When the returned detector is received. it is

‘promptly counted with a 3-inch-diameter Nal ~-

ray detector measuring the activity in the 220-
390 keV and 550-680 keV energy ranges for 30
min. A detector exposed to | pCi/liter (37 Bq/
m?) and counted after one half-life of decay (3.8
d) would have a total of 200 and 60 counts in
these energy ranges, with about 1200 and 400
counts of background. respectively, giving a result
with a | 7% standard deviation. For Rn levels well
below 1 pCi/liter (37 Bq/m’), statistical accuracies
are poor, but good accuracy 15 seldom of interest
in that range.

After counting, the detector is weighed, un-
taped to remove the lid. baked out. and put
through another cycle. Radon levels are deter-
mined by comparing the y-ray counts with those
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from detectors exposed in a chamber with known
Rn concentration. The humidity correction, cal-
culated from the mass increase, is determined by
varying the humidity in the Rn chamber by in-
serting quantities of water-glycerin mixtures.

All operations involved in a single measure-
ment require a total of less than 15 min from a
student assistant when the work is done in batch
guantities. The postage costs are 73¢ each way
plus the cost of letters to arrange for the mea-
surement and to give the result. Since each de-
lector and mailing box is used many times, they
add little to the cost. In a large program, it there-
fore scems that the total cost per measurement
should be about $10, well below thc cost of com-
petitive techniques.

These detectors are now being used in Rn
monitoring programs involving thousands of
houses.
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THE ELEMENTS (Coatinued) .5_ 9 7 5

RADIUM (L. radius, ray) Ra; at. wt. (226); at. no. 88; m.p. 700°C; h.p. <1737°C;
sp. gr. 57; valence 2. Radium was discovered in 1898 by M. and Mme. Curie in the pitch-
blende or uraninite of North Bohemia, in which it occurs. There is about 1 gm. of radium in
7 tons of pitchblende. The element was isolated in 1911 by Mme. Curie and Debierne by

. the electrolysis of a solution of pure radium chloride, employing a mercury cathode; on

distillation in an atmosphere of hydrogen this amalgam yielded the pure metal. Originally,
radium was obtained from the rich pitchblende ore found at Joachimsthal, Bohemia. The
carnotite sands of Colorado furnish some radium, but richer ores are found in the Belgian
Congo and in the Great Bear Lake region of Canada. Radium is present in all uranium
minerals, and could be extracted, if desired, from the extensive wastes of uranium prccess-
ing. Large uranium deposits are located in Ontario, New Mexico, Utah, Australia, and
elsewhere. Radium is obtained commercially as the bromide or chloride; it is doubtful if
any appreciable stock of the isolated element now exists. The pure metal is brilliant white
when freshly prepared, but blackens on exposure to air, probably due to formation of the
nitride. It exhibita luminescence, as do its salts; it decomposes in water and is somewhat
more volatile than barium. It is a member of the alkaline-earth group of metals. Radium
imparts a carmine red color to a flame. Radium emits alpha, beta, and gamma rays and
when mixed with beryllium produces neutrons. Thirteen isotopes are now known;
radium—-226, the common isotope, has a half-life of 1620 yrs. One gram of radium produces !
about 0.0001 milliliter (stp) of emanation, or radon gas, per day. This is pumped from the
radium and sealed in minute tubes, which are used in the treatment of cancer and other
diseases. One gram of radium yields about 1000 cal. of heat per year. Radium is used in
producing self-luminous paints, neutron sources, and in medicine for the treatment of
disease. Some of the more recently discovered radioisotopes, such as Co*°, are now being
used in place of radium. Some of these sources are much more powerful, and others are
safer to use. Radium loses about 19, of its activity in 25 yrs., being transformed into ele-
ments of lower atomic weight. Lead is a final product of disintegration. The study of
radium has greatly altered our ideas of the structure of the atom. Radium is a radiological
hazard. (Stored radium should be ventilated to prevent build-up of radon.) Inhalation,
injection, or body exposure to radium can cause cancer and other body disorders. The
recommended maximum allowable concentration for total body content is 0.1 microgram
and exposure to 2 roentgens/mo. Radium in the form of the chloride or bromide is availa-
ble without A.E.C. permit at a cost of about 25 dollars to 50 dollars/milligram, plus
service charges.

RADON (from radium, called niton at first, L. nitens, shining), Rn; at. wt. (~222);
at. no. 86; m.p. —=71°C; b.p. —61.8°C; density of gas 9.73 gms/|; sp. gr. liquid 4.4 at
—62°C, solid 4; valence 0. The element was discovered in 1900 by Dorn, who called it
radium emanation. [n 1908 Ramsay and Gray, who named it niton, isolated the element and
determined its density, finding it to be the heaviest known gas. It is inert and occupies the
last place in the zero group of gases in the Periodic Table. Since 1923, it has been called
radon. Eighteen isotopes are known. Radon-222, coming from radium, has a half-life of
3.823 days and is an alpha emitter; radon-220, emanating naturally from thorium and
called thoron, has a half-life of 54.5 seconds and is also an alpha emitter. Radon-219,
emanates from actinium and is called actinon. It has a half-life of 3.92 seconds and is both
an alpha and gamma emitter. It is estimated that every square mile of soil to a depth of
6 inches contains about I gm of radium, which releases radon in tiny amounts to the
atmosphere. On the average, one part of radon is present to 1 sextillion parts of air. At
ordinary temperatures radon is a colorless gas; when cooled below the freezing point,
radon exhibits a brilliant phosphorescence which becomes yellow as the temperature is
lowered and orange-red at the temperature of liquid air. It has been reported that fluorine
reacts with radon, forming radon fluoride. Radon is still produced for therapeutic use by a
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THE ELEMENTS (Continued)

few hospitals by pumping it from a radium source and sealing it in minute tubes, called
seeds or needles, for application to patients. This practice is now largely discontinued as
hospitals can order the seeds directly from suppliers, who make up the seeds with the
desired activity for the day of use. Radon is available at a cost of about 4 dollars/millicurie.
Care must be taken in handling radon, as with other radioactive materials. The main
hazard is from inhalation of the element and its solid daughters, which are collected on dust
in the air. The permissible level in air has been given at 10~* microcuries/milliliter. Good

ventilation should be provided where radium, thorium, or actinium is stored to prevent
buildup of this element.

RHENIUM (L. Rhenus, Rhine), Re; at. wt. 186.2; at. no. 75; m.p. 3180°C; b.p. 5627°C
(est.); sp. gr. 21.02 (20°C); valence —1, 2, 3, 4, 5, 6, 7. Discovery of rhenjum is generally
attributed to Noddack, Tacke, and Berg, who announced in 1925 they had detected the
element in platinum ores and columbite. They also found the element in gadolinite and
molybdenile. By working up 660 kg. of molybdenite they were able in 1928 to extract 1 gm
of rhenium. The price in 1928 was 10,000 dollars/gm. Rhenium does not occur free in
nature or as a compound in a distinct mineral species. It is, however, widely spread
throughout the earth’s crust to the extent of about 0.001 ppm. Commercial rhenium in
the U.S. today is obtained from molybdenite roaster-flue dusts obtained from copper-
sulfide ores mined in the vicinity of Miami, Arizona, and elsewhere in Arizona and Utah.
Some molybdenites contain from 0.002 to 0.2 %, rhenium. Some 100 Ibs. of rhenium are now
being produced yearly in powder and fabricated forms by one U.S. company. The total
estimated free-world reserve of rhenium metal is 100 tons. Rhenium metal is prepared by
reducing ammonium perrhenate with hydrogen at elevated temperatures. The element is
silvery white with a metallic luster; its density is excceded only by that of platinum,
iridium, and osmium; and its melting point is exceeded only by that of tungsten and car-
bon. It has other useful properties. The usual commercial form of the element is as a pow-
der, but it can be consolidated by pressing and resistance-sintering in a vacuum or
hydrogen atmosphere. This produces a compact shape in excess of 90% of the density of
the metal. Annealed rhenium is very ductile, and can be bent, coiled, or rolled. Rhenium
is used as an additive to tungsten and molybdenum-based alloys to impart useful proper-
ties. It is widely used for filaments for mass spectrographs and ion gages. Rhenium-
molybdenum alloys are superconductive at 10°X. Rhenium is also used as an electrical
contact material as it has good wear resistance and withstands are corrosion. Thermo-
couples made of Re-W are used for measuring temperatures up to 2200°C, and rhenium
wire is used in photoflash lamps for photography. Rhenium powder sells for about 2

dollars/gm or 600 dollars/lb. Fabricated rhenium strip sells for about 800 dollars to 1500
dollars/1b.

RHODIUM (Gr. rhodon, rose), Rh; at. wt. 102.905; at. no. 45: m.p. 1966 + 3°C; b.p.
3727 + 100°C; sp. gr. 12.41 (20°C); valence 2, 3, 4, or 5. Wollaston discovered rhodium in
1803-4 in crude platinum ore he presumably obtained from South America. Rhodium
occurs native with other platinum metals in river sands of the Urals and in North and
South America. It is also found with other platinum metals in the copper-nickel sulfide
ores of the Sudbury, Ontario, region. Although the quantity occurring here is very small,
the large tonnages of nickel processed makes the recovery commercially feasible. The
metal is silvery white and at red heat slowly changes in air to the sesquioxide. At higher
temperatures it converts back to the element. Rhodium has a higher melting point and
lower density than platinum. Its major use is as an alloying agent to platinum. Such alloys
are used for furnace windings, thermocouple elements, bushings for glass fiber production,
electrodes for aircraft spark plugs, and laboratory crucibles. It is useful as an electrical
contact material as it has a low electrical resistance, a low and stable contact resistance,
and is highly resistant to corrosion. Plated rhodium, produced by electroplating or
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CLOANUP OF RADON INRALATION STUDY EFFLUENTS®

B. V. Ancersen
R, F. Psirmer
Battelle, Paci1fic Nortnwesat Laperarory
Richaland, Wasniagron 93352

Atstiace

a1 revcrt Jascusses 1 ilnlted anount Of eaperinental daia on radon reteation by
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erit.ons ISC toe CArLONn LodSs, NI OPCraziny charadteristic: of the prope~ed system are
Fresented. A successful test Of tae Erotolvee retention systen 1ndacated that 0 cudic
~tters 0f 217 we4od Te 2ercataninated of radcn by one kxiloaram of PUB (6 x 10 mesh)
Aotivated CATSON under exgeriTental conditiuns of 0 -2°C and )30 em/man ‘superficial
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Stulies Of the effects of 1Aniati0n 1r,an1nals of raden and its daughter products,
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stimLous release t¢ the eaviroament 3¢ suploxzimatelr 300 .Ci of -*-Rn per ~inute.
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Nery li™ited 1nformation exists in the literature {or radon effluent retention
s/stems.  Since Tadcnh 13 A netle 9as, worx cn ctflucnt treatnent systems for krypton
AmJ4 XURSM 1A rCACtar: may be apobaicable. Pelevant inlormation 1s found 1n tre procece.-
in33 ¢ 2ae ALS Alr {leaning Conferences (3,3.3),  Thu work by Jess W. Thomss (v) of ihe
Healtn and Satety L4t sratory i evaluation of activated carbon canisters for radon prec-
tecticn Af WOLKCELS LR UTANILD Tines CCNtains a review of the variacies involved 1n ra:zon
rezcnt i The veziaales consicdered were radon concentracicn, flow r.ze, hurmidity,
carbon wiczide coacentration, temperatucre and carbon lype.

Based upon these variables, extrapolated data suggested that the radon effluent
could be retained st the flows ccyuired for about 15 days in 20 cubic feet of activated
carbon cooled to :ero degrees centiarade., TC FINPOINt A more exact adsorption capacaty
of activated carhon E:ds, some sinple experirents werce desigrned utilizing a radon gen-
erator and commercially available cardon,

Exoerimant

Using the apparatis shown schematically in Figure ), tests were conducted to deter-
mine the a=dunt o7 2ir that could e decontaminated ot RN per kilogram of Pitisburgn
PCY (6 x 16 mesh) activated cagoon®® ander the conditions described below. The acti-~
vated cars5sn had an asparent bulk den iy of 0.44 g/cn) and 59\ voids in a derse packeld
rol 'mA. TVO eaperiments used a 43 cm long column (0.59 kg) of activated caroon, while
one cxferineat used & 21.5 ¢n iong column (0.29 k3) cf activated carbon. The super-
ficial veloc:ity 1n th: ~harcoal bed was calculated to be 330 cm/m‘nute from the 6.2 A
col:mn dia==ter and tae 12 ismin flow ratce. The rador-tearing air ontering the freeiers
and the air leaviny t=e frevIcr were monizored using alpha air asnitoring cquipment.

The radon wot ccnerated at about 90 wCi/man, diluted with room aiwr to a flow rate of

10 {/=an, ceo2lcd to asproxamately 7°C to rerove nome of the moisture and passed thrI2uga
a dricrcite Scd for further dehumidificazion be‘nre introdunzion 1atd the freczer. In
the freczer. wnich was heild at a temperature of Y :2°C, the radon-bcaring air was cool:d
in a coprer co1l pefare introduction 1ato the churical bed. Flow through the systcm was
maitntained until ricon was detected by the downstream alpha air monitor.

[PEY

*Dascd on work sorforned under Contract E(45-1):;13130 ‘with United States Encrgy Research
and Developrent Adming n-ation,

*epPittsiuTn Acti.ated L bon
Divasica 2f Calusn Corzoration

Syvsadiary 24 Porex & Co., Ina. e .
Box 14s ¥
Priicoucsh, PA 15230 : . 4'-.4%
- ey -
.... . v ’ '

L ‘..:':.';.'._: o 000158
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filter. The carbon bed and massaive shielding will remain at low temporatures for sub-
stantial tize periods 0 event of retrigeration failure.  Reduced (lows ray te required
even though the ralon=scaring air 1s cooled to aporoximately J°C before ontry to the
carbon. The air handling system i1s designed to process up to 1.0 m'/min of air. Actual
flow ratos wvill vary from 1l x 10-! to 0.3 m‘/min 1nitially, with higher flow rates likely
in the future.

A mnre detailed drawing of the dual, activated carbon filters in Fiqure 3 shows the
required shielding and capability to replace the activated carbon it necessary. The
cerbon filter 1s a dual unit with each bed consisting of a 110 kg of activated carbon
packed 1n two columns that are J1.5 cm diamerer and L4535 cm tall. Either half of the
unit may bSe wsed with the radon-bearing air enteriny the chamber at the bostom and
passing «p through the two aclivaten cardon columns sinultancously. The activated
carbon is expected to process about 4,900 cubic meters of air per month.

/

» I]"" ST
ROON TEMPERATURE RAOGN-SEARING AIR AL n el r
L] MR ' LA . . . .
. -l oy e
OUAL AIR Yoo i -
COMPRESSOR i coarsc ot

gl
w0 —

BUILOING CtiL oIveo(R
[ PRICOOLLR l ExHauST
)G° SYSTIM (AQ SHEQLOIN Y
Y I e— ,
| OUAL TOWIR o raoon . CRARCOAL

ORYIRS '—‘] MoNL1OR

~x’c —t.

L1
_H‘ COOLING IN
DUAL MEAT DUAL CARBON ==
EXCancers [~ FILTERS _
- CoL0 RooM -"’lﬂ‘ RAOON-EARING ALR
Pig. 2. Flow Schematic - Radon Fig. 3. Dual Activaced Carbon
Retention System Filter

Shielding Conditions

A six-inch lead shield was designed around the ca:zbon filter. The maximum continu-
ous input of radon was specified as 300 wCi per minut.». When equilibrium is reached
in the carbor filter, ubout 2.4 curies of radon are expected tce Le present. Table 2
briefly reviews the radon decay chain and shows only the gamma energies-and yield.

Table ¢: Radon-222 ULecay Series

Nuclide Half-Life Gamma Energy (M:v) Yield '
222py, 3.8 4 0.510 -}, 0.07
218pg 3.05 m -- bt ' -
2ltpp 26.8 m 0.295 19
i 0.352 36
2legj 19.7 m 0.609 47
1.120 : 17
1.764 17
tepg 164 us 0.8 0.014
210pp 21 Yy 0.047 4
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when considering shielding nceds, ‘!-pb and - /-9 contribute almost all of the
gamma rays of concuern. A calculated six irches of lead worid be expected to reduce the
maximum dcse rate to less than | mrem/nr at the outside surface of the shield. The
shielding nas four access pluge ~n tne top that would permit replacement of the carbon
1f some unforeseen cantaminant  -duces tne adsorption capacicty. The radon and Jaughters
would be permitted o decay be : replacing the carson. The residual -¢-Po which would
butld up gradually i1n the carx 1as a low yield (43) gamma erission of low energy
(0.047 MeV) which is not expect. . to cause any severe exposure problems,

Cenclusions

A prototype retention sSystem for radon and its daughters has been successfully
tested. The prototype test 1adicated 40 cubic meters of air would be decontaminated of
radon by one kilogram of PCB (6 x 16 mesh) activ.zed carbon under the experimental con-
ditions of 0 :2°C and 330 cm/min superficial veL ity o 660 cm/min truc velocity

znsidering S04 void.

A firal design was completed and the system is expected to be installed and oper-
.ional by Jamcary 1, 1976. Details of the testing of this system will be reported if
svailable at the scheduled oral presentation of this paper.
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MEASUREMENT OF DYNAMIC ADSORPTION COEFFICIENTS FOR NOBLE GASES
ON ACTIVATED CARBON

D.P.Siegwarth, C. K. Neulander, R, T. Pao, and M. Siegler
. Nuclear Energy Division
General Electric Company
San Jose, California

Abstract

Experimental techniques and analytical procedures were deveioped to measure the noble gas dynamic adsorr
coefficients on activated carbon with a continuous inlet noble gas fiow rather than the normai radicactive tracer ¢
injection method. Nonradioactive krypton or xenon was blended with dry air to a concentration of 1 to 10 ppm by vo!
and continuously fed to the inlet of the test adsorber, The adsorber effiuent was divided to permit sample storage as we.
real-time analyses. The experimental work was performed with 1-1/4- or 2-in. diameter adsorber columns 2to B ft &

To measure a few parts per million of krypton or xenon in air, speciai analytical techniques were develope
pre-concentrate the samples. The breakthrough curves were established by quantitatively measuring the adsort

concantration in the carbon adsorber effluent with an uitrasonic detector gas chromatograph. The dynamic adsorm
coefficients (k) were calculated from:

kd-th/M

where kq = dynamic adsorption coefficient {cc(20°C, 1 atm = STP)/gm] F = gas flow rate [cc{STP)}/min] ; tm adsocb
mean residence time (min); M = mass of dry carbon (gm).

The experimentally determined dynamic adsorption coefficients were in close agreement with those previou

reported in the literature for other carbons. The equilibrium stage theoretical model adequately described the measur
breakthrough curves.

I._Introduction

Removal of noncondensable gases from the turbine condensers in thermal generating piants is genery
accomplished with steam jet air ejectors (SJAE). In nuclear generating plants, the radioactive noble gases Kr and Xe are
potential source of radioactivity in the plant gaseous effluents. Uniess properly treated, the noble gases could become a max
source of off-site radiation. Since most Kr and Xe radioactive isotopes have relatively short half-lives, systems which delay ©
noble gases can be used effectively to reduce the total activity by radioactive decay.

The SJAE effluent {offgas) from a boiling water reactor is composed primarily of hydrogen and oxygen from t
radiolysis of reactor water and air from condenser in-leakage, but aiso contains trace amounts of radioactive noble gase
Generai Electric is offering recombiner — activated carbon systems designed to delay the noble gases and also is developin
methods for the removal and storage of these gases. Measuraments of the noblé gas concentrations in the recombined offm
{normally 0.5 to 1.5 ppm by volume) and evaluation of different noble gas delay or removal systems required th

development of new analytical and experimental methods. These methods and thair application to the evaiuation of activats
carbon as an adsorbent for Kr and Xe are discussed.

I}, Theory

The dynamic adsorption process is one in which a gaseous species in a flowing carrier gas stream is physicsld
adsorbed onto the surface of a solid adsorbent. Aithough the adsorbate is not bound permanently to the adsorbent, its exi
from the adsorption bed is delayed with respect to the carrier gas. Several theoraticsl treatments have been used 8
characterize the dynamic adsorption process, and the one deveioped at the Oak Ridge National Laboratory (OQRNL) has bes
adopted for this paper. (M, this approach, the packed adsorber column is assumed to be divided into a number ¢
theoretical chamben in series. The gas flow into each chamber is instantly distributed and brought to adsormuon equilibre
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ly; = vi.1) {1

. scross each of the N stages is
for the adsorbete
dvi , _EN
dt kgM
w Volume fractian of adsorbgte in gas phasa leaving the ith stage at time t:_
i o Total gas flow rate {cef20°C, 1 atm = STP)/gm]
F - ass on dry basis (gm);

Total charcoal m

"o rumber of theoreticat equilibrium staaes;
N =
= Time (mink. .
, L':v::amic adsorption coefficient (cc(STP)/gm]
k - . . P . ]
d _ of the series of N differential equations with the appropriate adsorbate initial boundary conditions yieids
. cone o":‘io" profile from the N1 stage. For a unit input pulse at t = 0, this solution is
cen _
che effluent &0
NN EN-T N-1 _NFt .
YN e N P M)

By differentiating Equation (2) with respect to time an
red for the concentration to reach a maximum, Yyay, 1S
requ

L INA
max

d setting the result equal to zero (yy = 0) the time, tmay.

Y kgM (3)

NF

it has been shown that for a linear adsorption isotherm, which should spply at low adsorbate concentrations, th

mathemmatical solutior. 3 a step change {constant input) initial boundary condition is equivalent to the integral of the

solution for a square wave {pulse) boundary condition;(z) i.e.,

IN=fg YN

dt (4)

where ) provides the effluent concentration profile for a step constant input.

Thus, the time required to reach the peak maximum for the pulse case, tmax. (Obtained from y‘(; = 0} can be

equated to the time to the inflection point in concentration for constant input (since zN’ = y,{‘). For the near-symmetrical
effluent distribution function described by Equation (2), this time can be denoted by t;,, the mean residence time of the

adsorbed species in the column, without serious error.

For long, well-packed beds, N will be a large number, so that {N-1)/N will be approximately unity. The assumption

ot targe N and substitution of t, for tmax in Equation {3) yields

tm = de/F (5)

This resuit shows that a characteristic residence time of an adsorbed species in a dynamic adsorption column of mass

M and at carrier-gas flow rate F is defined by the proportionalit

y constant, ky. Once the etfect of those system parameters

which affect kq are known, the mean delay time for any given total flow (F) and adsorber size {M) can be calculated by using

Equation (5),

A computer program was written to integrate Equation

(2) numerically. The number of equilibrium stages (N) was

Qlculated by using the revised correlation proposed by Vermeulen, as described by Robeil and Merrill.|2) Effiuent profiles
were caiculated by integrating Equation {2) after substituting the experimental conditians and the vatue of N found above.

The

profiles agreed well with the experimentally measured curves over a wide range of conditions (Section V), which lends

Credence to the application of the equilibrium stage theory to dynamic noble gas adsorption on carbon.

29
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11, Ansiytical Technique

Ansl | Equipment

An snalytical instrument capable of detecting the noble gases in sir at the parts per million levei and belo
needed for analyzing actual and simuiated reactor otfgas. Since the instrument would be used both in the laboratory
the field, it also had to be somewhat portable. A survey of available anaiytical techniques indicated that a gas chromatc
(GC) with s helium ionization detector (HID) or an uitrasonic detector (UD) could probably meet these requirements.

The HID is at least an order of magnitude more sensitive than the UD. However, the high sensitivity of th
requires the chromatographic system be extremely clean and fres from leaks, i.e., water vapor or air can swamp the det
in fact, the sensitivity of the HID to leaks preciudes the use of any vaiving between the sampie inlet and HID. Pr
experience with an HID GC showed the detector was easily poisoned and required hours of bake-out time after
maintenancs or instrument modifications {e.g., column changes). in addition, the instrument was quite delicate and suby
shipping damage. The UD has the advantages of a wide dynamic range (106); freedom from single carrier gas require
i.e., the HID requires uitra-pure helium carrier; flexibility, since column switching valves can be used; ana pred:
calibration. Based on these comparisons, it was decided to purchase a GC with the more rugged and flexible UD.

The UD system measures the changes in the speed of sound in gas mixtures by comparing the phase shift of a
traversing the mixture to a reference signal. The characteristics of the UD have been discussed by Nobie, et al.,(3) Toc
DeBord, 4} and Grice and David.‘s) As shown by Grice and David.(S) the peak area for a particular sample compon
degree-seconds {A) for a given detector can be approximated by

A= Kn(M = M /PF_
where

= Detector constant;

= Moles of component in sample;
Molecular weight of component;

¢ = Molecular weight of carrier;
Pressure of gas in detector cell; and
¢ = Carrier flow rate,

TLI2 X
]

m O
[ ]

For a given set of chromatographic conditions, the pressure and flow rate are constant. Thus, the response per
is a function of the molecular weight difference, M — M. Equation (6) indicates that when using hydrogen or helium
carrier gas, a single calibration curve can be used without appreciabie error for all samples except those of very low mole:
weight. The data reported by Grice and David(s) illustrate these predictions are valid.

Column Development

As shown in Figure 1, it is not difficult to separate Kr from air with a SA molecular sieve (MS) column wher
relative concentrations of Oy, No, and Kr are within a few orders of magnitude of each other. However, the quantit:
determination of 1 ppm Kr in air (Figure 2) presents a more difficuit problem. The Kr peak appears on the tail of the
peak and is too small for accurate quantitative measurements. An experimental investigation of severat GC column pac
materials and operating conditions was conducted to optimize the separation of trace quantities of Kr and Xe from air.
resuits of this program {Tabie 1) indicated that Carbosieve-B provided good separation between air, Kr, and Xe, but suff:
trom interference of CHy4 and CO9. Porapak-T appeared capabie of separating Xe from CO5, CHy, and air. Type SA-M
subambient temperatura (-10 to 10°C} was the best for the Kr analysis. In the final analytical scheme, a Carbosieve-8 colt

was incorporated to eliminate most of the N7 and O from the sample, followed by a SA-MS column for Kr analysis
Porapak-T column for Xe snalysis.

Analytical Procedure

A Tracor Model MT-150 GC equipped with a dual UD (Figure 3) is used to detect the sample components, and
corresponding peak areas are measured with an Autolab System |V computing integrator. The required sensitivity is obur
by using 20 cc air samples. Most of the air is saparated from the sample in a cutting column; the final separation is effectec

: 00016
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of two anaiytical columns ( Figure 4). Helium carrier gas (99.985% purity) is first passad through a 1/4-in. dia
#t long activated carbon column mfmmmd at liquid nitrogen temperature to remove any remaining conta
10+ Vi is used to salect 2 sample either from a 20 cc sample loop or from the sample storage system descr) in
V‘Ni'on |V. The sampie is injected into a Carbosieve-8 cutting column. The Kr and Xe are praferentially retained on the
cs.:tbam"a' and the bulk of the air is vented through vaive V3 and needle Vaive N3. Atter venting the air, valve V3 is used
dicect the flow through valve V2 to the SA-MS column and Detector-A for the Kr snalysis, and to the Porapak-T column
::d Detector-B for the Xe analysis.

The pressures and flows throughout the system are balanced to minimize flow disturbances caused by the vaive
witching operstions during the analysis. The GC oo.eratmg conditions are shown in Table 2. The normal analysis time is 18 1o
20 minutes. AS shown in Figu;e 5, good separation is achieved between the Kr and N2 peaks. Figure 6 shows that a
reasonably sharp Xe pesk is also obtained,

TABLE 1. Gas Chromatograph Column Development
{Carrier Gas — Helium)

Carrier Column Column
Packing Flow Temperature Length
Material [cc(STP)/min] {°q) {f) Comments
Activated Carbon 80 27 w0 80 2 CHy4 in air interferes with
Kr peak.
Carbosieve-B 35 to 60 30 4 CHy interferes with Kr, and
CO5 interferes with Xe.
5.A Molecular Sieve 30 ~1510 95 8to12 At —10to 10°C, can be used
for Kr. Interference from
H20 and CO5 for Xe.
Porapak-Q 25t0 70 -40 to 27 8to12 Insufticient separation between
air and Kr. Water and CO5
intarfere with Xe.
Porapak-T 40t0 70 27 10 120 12 Insufficient separation batween

air and Kr, Good for separating
Xe from air, CO5 and CHy.

TABLE 2. Gas Chromatograph Operating Conditions

31

Krypton Xenon

Carrier Flow, cc{STPYmin. . . . . . . . . . . . . 60 60
Detector ' '

Pressure, psig . . . . . . . . . . . . . . . 30 30

Temperature, °C . . . . . . . . . . . . . . 120 120
Cutting Column

Length, inches 9 9

inside Diameter, inches . 0.17 0.17

Packing . Carbosieve-B Carbosieve-B

Mesh Size 140/200 140/200
Analytical Columns

Length, ft . . 8 12

inside Diameter, inches . 0.10 0.10

Packing . ; SA-MS Porapak-T

Mesh Size 60/80 50/80

Temperature, °C . -10 to +10 0t 30
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Column:  1/B-in. X 6-ft Moleaular Sieve 5-A, 60X 80 mesh
Column Temperature: 0°C

Carrier: Helium at 25 cc(STP)/min

Sample: 1 cc of 60,000 ppm Kr in air

Call Pressure: 24 psig

Recorder Range: Oto 1 mV H

2X 1024

0; 8X 1024

Kr
N, 4X 1024

nj. —=r—

Analysis Time —e

FIGURE 1. SEPARATION OF OXYGEN, KRYPTON, AND NITROGEN
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Column:  1/B-in. X 8-ft Molecular Sieve 5-A, 60—80 mesh

Column Temperature:

0°c

Carrier: Helium at 25 cc(STP)/min

Sampie: 8ccof 1 pom Kr in air

Cail Pressurs: 24 psig
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FIGURE 2. DETERMINATION OF 1 ppm KRYPTON !, 4IR




000167

34

12th AEC AIR CLEANING CONFERENCE




TRACOR MT-150 GAS CHROMATOGRAPH

FIGURE 3.

Carbosieve -B
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V. Experimental Apparstus
Flow System

The dynamic adsorption experiments have been performed with the equipment shown schematically in Fic
Comopressed or cylinder air is dried to an inist dewpoint of .70°C (€ 35 ppm moisture) with Type 3A-MS (to prevent h
of CO9) and is clesned of trace hydrocarbons with an activated carbon filter before being blended with a prepared ry
containing 100 to 500 ppm of Kr or Xe in zero-grade air (< 2 ppm hydrocarbon content). The two gas flows are indivi
metered through critical flow orifices to give noble gas concentrations of 1 to 10 ppm at the adsorber iniet. Provisior
easily be made to add moisture or gaseous contaminants to the tiowing carrier gas stream.

Three adsorbers (either 1.1/4. or 2.in. inside diameter aluminum columns) are located within a Webber,
temperature chamber in which a constant temperature (t 1°C) can be maintained (Figure 8). The columns can be
individuaily or in series t0 provide adsorber lengths of 2to 8 ft. The gas flow path contains in-line probes for contin
remots monitoring of the gas temperature and humidity. Humidity messurements are made with a Panametrics,
Modei-1000 aluminum oxide hygrometer capable of measuring gas dewpoints over the range of -110 to +20°C. The »
prassure is controlled with a backpressure requiator located in the gas sampling system and is measured at the entrance ¢
chamber. The total gas flow rate is continuously monitored at the same location with a calibrated laminar flow element.

Gas Sampling System

The adsorber column effluent flows 10 the gas sampling system (Figure 9). The total effluent gas tlow is dre
into paraliel stresms so that a portion of the stream can be analyzed in real time at the GC and other fractions can be &
tor subsequent analysis. Two 15-loop sample storage valves (S1, S2) are used to store up to thirty 20 cc sampies. The vok
of the connecting lines between the GC sample valve (V1) and the B-port switching valves (C1, C2) have been adjuste
20 cc to provide a second sample loop for real-time GC analyses. Before the storage valves are indexed to the next s»
loop, solenoid vaives (E1, E2) are energized to close the inlet lines and enable the locop pressures to bieed dow
atmospheric pressure. Check-valves in each of the parallet sample lines prevent the high pressure carrier gas contained w
previously analyzed sample loaps from diluting subsequent samples. Flows of 40 to 60 cc{STP)/min are maintained the
aach of the sampie ioops, requiring 8 minimum adsorption system backpressure of 1.5 to 2.0 psig.

V. Experimental

Experimental Conditions

Samples of activated carbon from several vendors were evaluated for Kr and Xe adsorption at a3 variety of
conditions. For all these tests, the carbon was first dried in a 120°C oven purged with dry air to a moisture content of
than 0.3% by weight before loading into the adsorber columns. The carbon was transferred from the oven to a tared adsor
column in less than 2 minutes to minimize moisture pickup. The columns were packed by vibrating the column wall w
maintaining a head of several inches of excess carbon above the column top. The columns were then sealed and reweighed.

Befare starting a tast, the carbon was flushed with dry air(-70°C dewpoint) until the inlet and outlet humidities w
equal. After the Kr or Xe run mix was added to the carrier air stream, the column effluent was sampled and analyzed for
or Xe. Plotting the measured outlet concentration versus time gives an S-shaped adsorption breakthrough curve (Figure 1
The time axis in Figure 10 is normalized with respect to the mean breakthrough time and the concentration axis with resg
to the iniet concentration. The total gas flow rates used in the test program were such that the superficial gas velocity
ranged from 0.8 to 3.2 ft/min. The combination of column lengths and flow rates was chosen so that complete breakthrou
of the noble gas occurred in a reasonable period of time. Faor example, at 259C and at a superficial velocity of 1.6 f/rr

mean holdup tirmas of approximately 25 to 30 minutes and 7 to 8 hours were found for Kr and Xe adsorption, respective
in a 2-ft long adsorber bed. '

Reprodycibility

Early in the experimental program, a series of adsorption runs was made to determine error limits and experirmery
accuracy. Five months later, in tests made with a sample of the same type carbon but which was abtained at a tater o
lower values obtained for the adsorption coefficient Jed to ratesting the original carbon sample. Thus, experiments have be
run with different columns and column lengths, with columns that had been reloaded with previously tested carbon, as w
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FIGUREB. ADSORPTION COLUMNS IN CONTROLLED TEMPERATURE CHAMBER
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' of the same type recsived at different times. The results, presented in Table 3, show the
o Wt al errors cause jess than g £ 3% standard deviation in the calculated dynamic adsorption coefficient.
Mﬂ'
in Table 3, there was no detectable effect on the dynamic adsorption coefficient of a fourfoid change in
(0.8 032 f2/min) or a twotold change in column cross-sectional area (1-1/4- to 2-in.inside diameter columns). The

flow rl;: he wkthrM“ curves resuiting from the different experimentai conditions is predicted wall by the theory

(Fiqure 10).

TABLE 3. Experimental Reproducibility

Conditions
Column Size Flow Velocity kg(Kn)* kgiXe)*
{inches) {ft/min) [cc(STP)/gm]

Coconut Base Carbon A — Sample 1

1-1/4 X 48 1.6 57.5

1-1/4 X 96 1.6 55.0

1-1/4 X 96 1.6 54.0

1-1/4 X 24 1.6 900

1-1/4 X 48 16 55.0

1-1/4 X 24 (Rerun 5 months ’

after above experiments) 3.2 ' 890 .

Coconut Base Carbon A — Sample 2

2X 48 08 62.6

2X 24 0.8 775
1-1/4 X 24 0.8 760
1-1/4 X 24 3.2 ' 81§
1-1/4 X 24 3.2 790

kg measured at 259C, 16.2 to 16.7 psia and normalized to STP.

Effect of Adsorbate Concentration

-‘ One of the goals of this program was to determine the nobie gas dynamic adsorption coefficients at conditions
approximating those expected in the recombined offgas (primarily air) of an operating BWR, Adsorption experiments were
conducted st noble gas concentrations of 1 and 10 ppm. Since atmaospheric air contains 1.14 ppm Kr, the columns were first
Hushed with nitrogen for the low cancentration experiments. Changing the noble gas concentration from 1 to 10 ppm
produced no noticeable effect on the dynamic adsorption coefficient. Therefore, most experiments were performed with
nable gas concantrations of about 10 ppm to simplify the experiments and afford better accuracy.

Eftect of Temperature

be mage The capa'bilities of the controlled temperature chamber containing the adsorber columns permitted experiment‘
o lower :::r 2 wide range of ten.wpentures. Altho'ugh most of the experiments were run at 259C, some tests were perform
oM couon ‘:ratures. A cqmpfrnson of the TEpae)nmomally measured effect of temperature on the adforption coefficient for
'!mri:wm” carb'on with hteratur.e dats ‘- (s compilation of saveral carbon types) is given in Figure 11. 1t can be.seen
3l and literature adsorption coefficients agree reasonably in absolute vaiue. .
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coefficients for Kr and Xe have been measured at 25°C on ten different activated car.
2al, anc petroleum base carbons. As shown in Table 4, the coconut base carbons
nn coefficients. Also, since the ratio of the Xe and K¢ dynamic adsorption coefficients for this
was fairly constant, a fair prediction of both coetficients might be made on the basis of a single

TABLE 4. Dynamic Adsorption Coefficients for Selectec i..-buns
{25°C. Dry Carbon)

' kg(Kr)® kq(Xe)* kg(Xe)/kq(Kr)
: lec(STP)/gm] -
Coconut Base
Ca:on A 55.3 — 52.6°° 910 - 785°° 16.4 - 158
Carbon B 50.2 770 15.4
Carbon C 57.7 925 16.0
Carbon D 55.5 970 17.4
Carbon E 44.0 690 15.7
Petroleum Base
Carbon F 47.2-465°" 680 ~ .358°° 14.4 - 141
Carbon G 47.7 620 13.1
Carbon H 45.0 720 16.0 .
Coal Base
Carbon | 1.9 680 16.3
Carbon J 344 460 135

*kq measured at 259C, 16.7 psia and normalized to STP.
**kq measured on carbon samples recsived at different times.

VI. Conclusions

Analytical and experimental techniques have been developed to determine naoble gas dynamic adsorction coefficients
on activated carbon at concentration levels approximating those in the offgas of an operating BWR. The data obtained agree
well with values gbtained by other techniquas.(s'a) The versatility of the system and procedures developed will enable
dynamic adsorption experiments to be conducted with a variety of adsorbate and adsorbent combinations and experimental
conditions. The use of nonradioactive gases precludes the need for special safety and monitoring facilities or procedures.
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Radon Adsorption in a Gas Flow by
Activated Charcoal

, a peat-based material because of its relatively low
radon content. The charcoal was composed of small
cylinders about 1.2mm long and 0.2-0.5mm in dia-
meter with a density of 0.43 g/cm’.

Theoretically the distribution of 2??Rn in an
adsorption media can be described by a three-zone

model (Jii76). The first zone is saturated with radon ~

and the adsorption and desorption processes are in
equilibrium. The next region. the adsorption zone, is
characterized by active uptake of radon. The amount
of adsorption is related logarithmically to the zone
thickness. The last region, the non-burden zone,
shows no appreciable radon adsorption.

The experimental procedure is described as follows:
The charcoal is divided into 30 fractions in an adsorp-
tion tube (length, 27.8 cm: diameter, 4.5 cm: distance
between two {ractions, 0.6 cm: thickness of each [rac-
tion, 0.2 cm: and mass of each fraction, 1.4 g). Nitro-
gen gas with a known ???Rn concentration flows
through the adsorption tube. The quantity of *3?Rn
adsorbed in each of the 30 charcoal fractions is
measured by ;-spectrometry (RaC’). We made our
tests with gas velocities of 1.5, 4.4 or 29 cm.sec and
temperatures of 293, 273 or 194.5 K.

The duration of the adsorption varied from | min
to | hr. The radon concentration varied from 5.1 uCi/l.
to 9.1 nCi/l. During each adsorption test ail the
parameters remained constant.

The results of these tests are shown in Figs. 1-3.
These figures show the quantity of **?Rn adsorbed in
each carbon fraction as a function of the [raction
number, in a semilogarithmic scale. The quantity of
adsorbed ?22Rn is normalized to the activity concen-
tration of ¥*2Rn of the gas flow. to compare the
results.

Figure | shows the effect of the temperature in
adsorption. These data were made at a gas velocity of
4.4 cmysec and an adsorption time of 1 hr. The curve
with an adsorption temperature of 194.5K is signifi-
cunt. This curve shows no zone of saturation and the
decrease at the adsorption zone is very sharp. Increas-
ing gas velocities show similar results.

Figure 2 shows the influence of gas velocity in
adsorption at a temperature of T= 273 K. Each test

* lasted 10 min. The quantity of *2?Rn adsorbed in the
first fraction is always the same. The gas velocity
influences the decrease in the adsorption zone only.

Figure 3 shows the distribution of the ***Rn as a
function of adsorption time. Four tests were con-
ducted at a temperature of 293 K and a gas velocity
of 4.4 cm/sec. Longer adsorption times flatiened the
decrease of the adsorption curves in the adsorption
zone and increased the maximum of ??*Rn adsorbed
in the first fraction. This indicates that more than
one adsorption process with different kinetics may be
taking place (Gu55; Wid0).
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From the quantity of 23?Rn adsorbed in the Satune>,
tion zone for the I-hr tests, it is possible to dexcrmmc ;
the Freundlieh adsorption coefficient (CrS1).

This can be stated as

n = ap*

where n = quantity of **?Rn adsorbed: p = pressure
(partial pressure); « = adsorption coefficient; b =3
constant. We were able to show that for very low!
prcssures or partial pressures the constant b becomes?

. The experimental values of the adsorption coeffi
cncm are 0.43 and 0.13 mol/g bar at 273 and 293K, 33
respectively. These values compare favorably to lhost’ %
obtained by Glibeli and Stori using charcoal of hmef
wood at atmospheric pressure. They obtained adsorp-isy
tion coefficients of 0.56 and 0.28 mol/g bar at 273 and 3o
293 K, respectively (Gus4).
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ABSTRACT

The protection against radon gas afforded by several types
of activated carbon gas mask canisters was determined, since
uranium mine personnel are occasionally exposed to radon concen-
trations in the thousands of pCi/! range, and calculations showed
that 3300 pCi/t of radon was equivalent to the permissible level
of 0.3 WL of radon daughters on the basis of potential alpha
energy release in the respiratory tract. The canisters were
tested at ra:un concentrations from about 1500 to 40,000 pCi/%
and flow rates from 8 to 64 {/min. Other variables studied were
test air humidity, water content of the carbon, and temperature.
Results indicated that a canister containing about 900 ml of dry,
high-grade activated carbon, used at a breathing rate of 16 {/min,
would provide almost 100% protection against radon for a period
of one hour at a temperature of 25°C and an air humidity of about

9 mg/4. Protection wou.d be provided for a longer period at the

lower temperatures existing in uranium mines.
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INTRODUCT ION

Concentration limits for the exposure of juranium miners are
expressed in terms of radon daughters, which constitute the pre- .
dominant inhalation hazard compared to radon gas. Mine atmospheres
normally are ventilated to maintain radon daughters below prescribed
limits. However, in certain restricted locations such as abandoned
workings and exploratory drifts, ventilation may be deficient or
absent. This can give rise to extremely high concentrations of
both radon and its daughters, often comparable to values of 50,000
pCi/4L reported by Holaday et gi.(l) in their early investigations.
During the occasional brief entries to these areas that are
required for exploration or maintenance, personnel should be
equipped with respiratory protection against both radon and radon
daughters, since exposure to radon itself can be hazardous. To
define more accurately when protection is needed, an MPC is required
for radon-222 gas in the absence of its daughters. This has nof
been set in the standard radiation protection handbooks. However,
an estimate may be obtained by considering the MPC for radon-222
to be that concentration which will result in the same energy
release in the respiratory tract that would be given by a radon
daughter concentration corresponding to the current limit of 0.3
working levels (WL).

One WL is defined as that quantity of radon daughters per
liter of air which will result in the eventual release of 1.3 x
10% Mev of alpha energy. Hence, 0.3 WL would result in the
eventual release of 0.4 x 10° MeV of alpha energy per liter of
air. To calculate the alpha energy release in the respiratory
tract due to inhalation of air at 0.3 WL, it is necessary to
assume values for fractional respiratory deposition and for
breathing rate (minute volume),.

George and Breslin!?) reported deposition values from 23 to
45% in uranium mines varying with mine location, individual
tested, and tidal volume. Most of their results were obtained
for sedentary subjects having low tidal volumes. They also found
that increased tidal volume resulted in increased deposition.
For mine workers doing moderate work, tidal volume would be
higher than for the sedentary position. Hence, it seems reasonable
to assume a round value of 50% for the purposes of this calculation.
The breathing rate adopted by the ICRP{3) for the quantity of air
inhaled during an eight hour day, 10’ cm?®, is used. This value
corresponds approximately to 20 £/min.

With these assumptions of fractional respiratory deposition
and breathing rate, the deposition of potential alpha energy in
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the respiratory tract per minute for 0.3 WL is (0.4 X 10%) (0.50)
(20) = 4 x 10° MeV/min. Accordingly, to calculate the MPC for .
radon-222, it is necessary to find the radon concentration which
would result in the deposition of 4 x 10° MeV/min of potential
alpha energy in the respiratory tract. This type of calculation
has been done by Holaday et al.‘!’, who assumed a lung volume of
2.75 liters and complete retention of the radon daughters formed
by decay of radon while in the respiratory tract. The assumption
of complete retention was presumably made because the freshly
formed RaA would be unattached and hence would diffuse rapidly to
body surfaces. Their calculation showed that a radon concentration
of 1 pCi/t would release 116.7 MeV in the respiratory tract.

Hence, the MPC for radon would be (0.3) (1.3 x 10%)/(1.17 x 10%) =
3300 pCi/t. Respiratory protection against radon in absence of

its daughters is therefore indicated when the radon gas concen-
tration exceeds about 3000 pCi/{t.

At present, the only feasible method of providing this
respiratory protection is with supplied air respirators. A
typical device of this kind might weigh 20 pounds and last for
about 20 minutes. Reduction of this weight and/or increase of
servicable time obviously would be highly desirable. Since it
is known that activated carbon has a limited capacity to absorb
radon even at room témperature“"’, it appeared that a gas mask
canister containing carbon might provide worthwhile protection.
The purpose of this work was to investigate the degree of radon
protection afforded by the small Mll Army gas mask canister, and
a larger commercial canister, the Scott-Acme type 184.

THE M1l AND SCOTT~ACME CANISTERS

The M1l Army gas mask canister, a component of the M9 gas
mask, was developed by the Army Chemical Corps during World War
II and has been described by West(®), It was manufactured in
large gquantities for issuance to Army personnel. The canister
contains a pleated, high efficiency filter which should remove
radon daughters with very nearly 100% efficiency regardless of
their degree of attachment. The canister weighs about 260 grams
and is mounted on one side of the gas mask facepiece, a conven-
ient and comfortable arrangement.

The Scott-Acme canisters (Acme Products, South Haven, Mich.)
were the manufacturer's types 184-OV and 184-0OVWC. The canisters
are mounted on the wearer's body and are connected to the facepiece
by a corruvgated hose. Their size is roughly 2#%" x 4¢" x 7", and
weight about 1% pounds. The canisters do not contain a high
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efficiency filter, and hence would not provide protection against
particulate radon daughters. Canisters containing both activated -
carbon and a high efficiency filter, however, are available from
Scott-Acme and other companies.

Some of the properties of the carbon beds of the M1l and the
Scott-Acme canisters are listed below.

Property Scott-Acme M1l
Carbon volume, cm? 900 270
Area of carbon layer, cm® 60 87
Thickness of carbon layer, cm 15 3.1
; Void fraction 0.72 0.70

Mesh size 6-16 . 12=30

The quantities in the listing above were determined in this labora-
tory by simple methods or obtained from the manufacturer and must
be considered as approximate. An emission spectrographic analysis
was also done on carbon from the Mll and the two types of Scott-
Acme canisters. The Mll carbon, known to be the impregnated "ASC"
V‘ type!?), showed about 0.1% silver, 1.0% chromium, and 0.5% copper
i by weight. The values for the Scott-Acme 184-OVWC carbon were
about 0.1% silver, and 0.8% chromium, and 0.7% copper. It appears,
within the limits of the analysis, that the Scott-Acme 184-OVWC
canisters and the Mll canisters both contain “Asgiwigpregnated
carbon. Carbon from the Scott-Acme 184-OV canisters contained no
detectable silver, chronium or copper, and was assumed to be
unimpregnated.

APPARATUS AND PROCEDURE

The canisters were tested by passing a radon-air mixture
into them at a known flow rate, radon concentration and humldlty,
and determining the radon transmission vs. time. The dimensionless
fractional transmission T is defined as the concentration of radon
in the carbon bed effluent divided by the influent concentration
at any time, Details of the test apparatus are shown in Figure 1.
Radon was generated by bubbling air saturated with water at 1 4/min
through a radium chloride solution. Several different solutions
were used, with radium contents in the range of 0.2 to 5 mCi.
! High efficiency filter paper was used downstream of the bubbler
. to remove any entrained aerosol from the radium bubbler. The

main air supply for the apparatus entered through flowmeter F-1

C -3 - 000187




at various ciow rates from about 20 to 70 L/min and was humidifi
when desired, by one or more of the humidifying tubes shown in
the figure., When very dry air was needed, the humidifying tubes
were replaced by a silica gel dryer. The total flow into the
canister test chamber was set at a higher value than any of - e
flows to be withdrawn through the test canisters, to provide :n
excess, The radon concentrations obtained varied from about 500
to 40,000 pCi/t. Canisters were tested at 8, 1¢. 32 or 64 t/min,
the canister flow being maintained by two flowmeters; F-4 at 8
{/min, and F-3 &t the rate needed to make up the total flow. The
8 t/min flow line was arranged to measure radon concentrations in
the effluent from the test canister. This line was provided with
a bypass so that the flow could be maintained constant whethar

or not a concentration sample was being obtained.

To prepare for an adsorption test, the air flow was maintained
for about 2 or 3 hours to establish equilibrium conditions. The
waiting period allows accumulated radon in the radium bubbler to
be swept out into the hood, and allows the water in the humidifier
to reach an equilibrium temperature. It was found that after the
waiting period the apparatus would produce a constant (+ 5%) radon
concentration for days or weeks., Immediately prior to the test,
the input radon concentration was measured at 8 {/min using the
two-filter method(”, sampling from line °~ of the figure. Samples‘
were taken for three minute: using 934AH ::jer (Reeve-Angel Co.,
Clifton, N. J.) with a 530 a1l two-filter zube and were counted
from # to 6% minutes after the end of the sampling with an alpha
scintillation counter. Usually four determinations were taken
prior to a test, and four after completion of the test. After
establishing the input radon concentration, the canister was
attached to .ine 2 of the figure and the radon concentration in
he <rnister output determined repeatedly at three minute inter-
7als. The average transmission obtained over the three-minute
sampling period was considered to be the instantaneous transmission
at the midpoint of the sampling period.

The humidity of the air stream, in milligrams of water vapor
per liter of air, was determined when needed by d.-awing a sample

from lins 1 at 3 £/min through silica gel (Tell-Tale, Fisher

Scient: .¢ Co., No. S-160) contained in a sampling tube about 2
cm in c.ameter and 12 cm long. Such a tube will ':mpletely adsorb
about 2 grams or more o:x 7ater ‘apor «: 3 L/min,

In two <. the canister tests, CO, was introduced at a con-
centration o:x 2% by volume. This was done by means of a CO, tank
and auxiliary flowmeter set at 400 ml/min, not shown in Figure 1. ‘
Since it was not known whether CO, would have an effect on the
two-filter method for radon, a few tests were done at a constant
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radon concentration with and without the CO;. Concentration values
obtained with CO, were a few percent higher than those obtained
without C0Oy, but since the effect was small it was ignored.

RESULTS AND DISCUSSION

The primary data were obtained in the form of transmission
vs, time curves, Figures 2 to 9. From these curves, the canister
life. to any fractional transmission could be obtained and, by
integration, the fraction of input radon adsorbed to a given test
time calculated. The principal variables studied were radon con-
centration, air flow rate, test air humidity and canister water
content. Some information was also obtained on the effect of
carbon dioxide, the relative efficiency of different carbons, and
the effect of temperature.

Effect of Radon Concentration

Theoretically, the transmission of a noble gas through a
carbon bed is independent of the gas concentration when the gas
is present in low concentration. This has been verified for
krypton and xenon¢®?’, and should also apply to radon. To confirm
this, dry M1l1 canisters were tested at radon concentrations of
about 1600 and 38,000 pCi/t, with all other conditions being held
as nearly constant as possible. The transmission curves are shown
in Figures 3 and 4, and the results summarized in Table 1 for
intercomparison. The table shows that radon concentration has
no detectable effect on the rate of radon adsorption, and in sub-
sequent work the radon concentration was set as high as feasible,
to improve the precision of the tests.

Effect of Flow Rate

From theory‘®'!°’ flow rate has a pronounced effect on noble
gas transmission through carbon beds. Results are shown in
Figures 2 to 9. From these figures a comparison may be obtained
of the life of the canisters to, e.g., 10% transmission at flow
rates differing by a factor of two, as indicated in Table 2. The
table shows that within the range studied, the life of the
canister increases by about a factor of 2.5 with halving of the
flow rate.

Effect of Water

The effect of water on radon adsorption was studied in two
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different ways. In the first method initially dry canisters were

used and the test humidity varied from nearly zero to about 18 ‘
mg/¢. In this case, one has co-adsorption of water and radon,

and the water content of the canisters varies with time,

In the second method the canisters were first equilibrated
with air at different humidities, and then a radon test was done
with air at the same humidity. 1In this method there is very little
or no co-adsorption of water during the radon test, and the canis-
ters had essentially the same water content before and after the
radon test. The water content of the canisters was arbitrarily
defined, for experimental convenience, as the weight of the
canisters after equilibration minus their weight when equilibrated
with air at about 1.4 mg/¢ humidity.

Tests done on M1l canisters according to the first method
are shown in Figures 2, 3, and 4. The figures show the deleterious
effect of air humidity on dry M1l canisters. Tests were also
done using the second method, with canisters equilibrated at
various test humidities. Figure 10 shows a comparison of results
obtained by the two different methods. It is apparent from the
figure that water adsorbed during the test is more harmful to
canister radon adsorption efficiency than water added before the
test. To find the reason for the difference, air at about 15
mg/¢ humidity was passed into a dry carbon bed containing a
thermometer. A temperature rise of about 7°C was immediately
noted. This qualitative test showed that the poorer performance
with co-adsorption of water is caused by the effect of higher
temperature on radon adsorption.

The Scott-Acme canisters were tested using the pre-equilibra-
tion method only, and some of the transmission curves obtained
for different water contents are shown in Figures 5, 6, and 7.
The effect of water content is shown directly in Figure 11, where
the canister life to 2% transmission is compared at the three
flow rates for different canister water contents.

Integration of the transmission curves permitted calculations
of the fraction of total input radon that is adsorbed by the
canister during a 60 minute test as a function of canister water
content, Figure 12, 1In this figure there are several data at
“zero" water content and also at a water content of about 2 to 3
grams. The data at zero water content were for canisters equil-
ibrated and tested at about 1.4 mg/f humidity; the data at 2 to
3 grams water content were for canisters equilibrated and tested
at 9 mg/¢ humidity. Comparison of the results shows differences
in the fraction of radon adsorbed to be of the order of 5% or
less. This shows that humidities of about 9 mg/t do not seriously
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decrease the fraction of radon adsorbed compared to dry conditions,
‘ at least at room temperatures (25°C = 77°F).

Ef fect of Carbon Dioxide

Results of tests at a volumetric concentration of 2% CO; are
given in Figure 9. It is apparent that CO; has a somewhat
deleterious effect. However, considering that the CO; concentra-
tion used in the test was greater by at least one order of
magnitude than the concentrations which would be expected in
mines, it appears that there need be no concern over the effect
of normal CO; levels on radon adsorption.

Effect of Temperature

The effect of temperature was studied by varying the room
temperature from 25 # 1°C to 20° + 1°C. 1In these tests, the
radon concentration was about 11,000 pCi/L, the flow rates were
16, 32 and 64 t/min, and the test humidity was about 11 mg/!t.

The same Scott-Acme canister was used for all tests with desorp-
tion of the canister between each test. A series of tests at
the three flow rates was done at 20°C, next at 25°C, and then
repeated at 20°C, to confirm that the desorption was adequate,
and the tests reproducible. The tests were not considered very
. accurate because of relatively poor temperature control. However,
a definite temperature effect was found as shown in Figure 8.
The results of these tests in terms of the fraction of radon
adsorbed, and the total radon adsorbed in a 60 minute test are
given in Table 3. The results are corrected for small variations
in water content of the carbon, which averaged about 28 grams.
The ratios of radon adsorbed at 20°C compared to 25°C, averaging
the two tests at about 20°C, were 1.13 at 16 £/min, 1l.14 at 32
£/min, and 1.21 at 64 t¢/min.

The temperature effect found can be compared, to a limited
extent, with that predicted by the Fusamura et al.‘!!’ equation.
According to this equation, the "saturated radon adsorption” value,
As, over the temperature range 275°K to 305°K, and for one type
of activated carbon, may be expressed as

12,7
‘As = 6000 (ggg) Cs

where Cs is the radon concentration in pCi/cm® and T is the
absolute temperature. Writing this equation for 20°C (293°K) and
‘25°C (298°K) and dividing one by the other gives
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As (20 C) _ (298 _ 12.7 _ .
T - (293) = (1.017) = 1.24

Hence, the equation predicts 24% more radon adsorbed at 20°C than
at 25°C. The experimental results show a somewhat smaller effect,
averaging 16%. However, the present results are for unsaturated
carbon, as the tests were stopped while the carbon was still
adsorbing radon. Also, the type of carbon and water content of

the carbon were different than used by

Effect of Carbon Tvpe

The Scott-Acme type 184 canisters

Fusamura et al,(?),

tested had three different

lot numbers, 1381, 1711, and 1478, and were filled with three
different types of carbon. According te Scott-Acme, the canisters

in lot 1381 contained type 337 carbon,

manufactured by Witco

Chemical Company. This carbon had a surface area of about 1300

square meters per gram. The carbon of

lot 1711 was stated to be

type-WV-H, manufactured by Westiaco C. rp. and had a surface area

of about 1000 square meters per gram.

No information was available

on the carbon of lot 1478 (OVWC canisters).

Results of a comparison of the different carbons are given
in Table 4. The table shows that the 184-0V (lot 1711) canisters
had very nearly the same adsorptive capacity as the impregnated
OVWC type. The 184-0V (lot 1381) canister: however, were

definitely superior both to the 184-..V

(lo. 1711) and the OVWC

canisters. It appears that high carbon surface area is very
é-riratle, and that ASC impregnation probably has a deleterious

ezlect on radon adsorption.

Canister Regeneration

It was found early in the work that canisters used for radon
adsorption could easily be regenerated by passing air through

them. Consequently it was possible to

make repeated tests using

the same canister, with regeneration between tests. All of the

transmission curves obtained in Figure

5, for example, were

obtained using the same “cott-Acme type 184-0V canister, which
was regenerated between -:<sts by passing air at abcut 1.4 mg/i
humidity through it for two to three hours at 70 t/min. The
tests were run within the span of a few days in the following

sequence: 32 t/min, 64 L/min, 16 (/min,

32 ¢/min, 64 L/min, and
finally 16 t/min. Inspection of the :esults showed that there
was little or no difference between the first and second tests
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at the same flow rate, which proved that the regeneration was
adequate. The results shown in Figures 6 and 7, obtained with
higher canister water content and test humidity, confirmed that
two to three hours regeneration at 70 {/min was adequate. In

the latter two cases the humidity of the air used for regeneration
was about 11 and 14 mg/L, respectively: hence it appears that the
humidity used for regeneration is not critical. It was also found
that much less regeneration air was needed if the canister was
heated, e.g., to 100°C.

Regeneration tests were alsc done using a M1l canister. The .
data are shown in Figure 13 and the desorbing conditions are given
in Table 5. In contrast to the results obtained with the un-
impregnated carbon in the Scott-Acme type 184-0V canisters, there
was a slight drop off in radon adsorption efficiency with repeated
tests. The reason for this is not known, but may be related to
the presence of ASC impregnated carbon in the M1l canister. On
one of the tests listed in Table 5, the canister was merely stored
for 18 days, 4.7 radon half-lives, without passage of air through
the canister. Decay 1y of radon was sufficient to regenerate the
canister.

PROTECTION AFFORDED BY CANISTERS IN MINES

This work has shown that activated carbon canisters will
remove radon efficiently even at room temperatures. However,
the radon removed is concentrated in the canister carried near
the wearer's body, which could cause an external radiation hazard.
For example, if a canister were used for one hour at a breathing
rate of 16 £/min and a radon concentration of 50,000 pCi/t, and

- essentially all radon was removed, about 50 uCi of radon would

accumulate in the canister, plus the daughter products removed by
the particulate filter. -

If we assume that the average loading over the one hour period
is 25 uCi of radon in equilibrium with its daughters, and that the
radiation from the counter is equivalent to that from a point
source at the canister half thickness, 3 cm, it may be calculated'®?’
that the radiation intensity at the canister surface would average
about 25 mr/hr over the one hour period. Hence it may be desirable
to position the canister away from the body, or replace it when
its radiation level is judged excessive. It appears that the
external radiation problem, if significant, may be handled by
simple precautions.
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at about 20 to 25°C, under various humidity conditions. It is
difficult to estimate accurately the useful life of a canister at
mine condltlons, where the temperature would be considerably
lower than 20° or 25°C, but where air relative humidities might
approach 100%. Also, the life of the canister would depend on
the initial water content of the canister, the type of carbon
used in the canister and the breathing rate of the wearer. Never-
theless, let us assume that the mine temperature is 10°C and make
the pessimistic assumption that the r¢ ative humidity is 100%,
corresponding to about 9 mg/¢ humidity at 3°C. Figure 12 shows
that a Scott-Acme 184-0V canister, with a water content 2 to 3
grams, which corresponds to equilibration at 9 mg/t, would adsorb
about 95% of the input radon if used for an hour at 25°C and a
breathing minute volume of 16 £{/min. At 10°C, the canister would
adsorb more water than at 25°C. 1If a dry canister were used for
an hour at 16 ¢/min, 9 mg/{ humidity, the maximum water adsorption
possible would be (16) (60) (9)/1000 = 8.6 grams. Referring to
figure 12, it seems that this water content would not greatly
affect the fraction of raden adsorbed, and, in view of the tem-
perature effect found, Figure 8, it seems virtually certain that
the protection afforded by canisters at mine conditions would be

nigher than that provided at 25°cC. .

All of the radon adsorption test results herein were obtaxned‘

CONCLUS IONS

Results of this work show that it is feasible to provide
protection against radon by use of gas mask canisters containing
activated carbon. The protection provided is independent of
radon concentration, increases with decreasing temperature, and _
decrezses with increasing flow rate and humidity or canister water
content,

Initially dry M1l canisters which contain about 270 ml of
ASC impregnated carbon and a high efficiency particulate filter,
provide almost complete protection against radon at room temper-
ature for about 5 to 15 minutes at a flow rate of 16 £/min,
depending on test humidity. The larger Scott-Acme canisters,
which contain 900 ml of carbon but nc high efficiency filter,
provide considerably higher protectic against radon. Scott-
Acme type 184-0V canisters, when filled with unimpregnated dry
carbon having a surface area of 1300 m’/g, were found to remove
about 99% of influent radon for a one-hour period at a flow rate
of 16 ¢/min, a humidity of 9 mg/t znd a temperature of 25°C. ‘
Protection would be expectel to be .igher at the lower temperature
existing in uranium mines.
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The use of activated carbon to provide radon protection appears
to offer an advantage of at least a factor of 10 over self-contained
‘ supplied air respirators, with respect to the weight of the equip-
ment. Another advantage is that the canisters may be regenerated
by simply passing air through them overnight. Gas mask canisters
 containing both activated carbon and a high efficiency filter are
recormended for protection against radon and daughters in uranium

mines.

ACKNOWLEDGMENT

The author expresses his appreciation to Robert Sladowski,
student trainee from Pratt Institute, Brooklyn, N. Y., who
carried out most of the tests of the Scott-Acme canister.

000195
- 11 -



REFERENCES

Holaday, D. A., Rushing, D, E., Coleman, R. D., Woolrich, P. F.,
Kusnetz, H. L., and Bale, W. F.

Control of Radon and Daughters in Uranium Mines and Calculations
on Biological Effects

Public Health Service Publication No. 494, U. S. Gov't. Printing
office (1957)

George, A. C. and Breslin, A, J.

Deposition of Radon Daughters in Humans Exposed to Uranium
Mine Atmospheres

Health Physics, 17, 115 (1969)

Report of Committee II on Permissible Dose for Internal’
Radiation
ICRP Publication No. 2, Pergamon Press, New York (1959)

Coleman, R. D., Kuznetz, H. L., Woolrich, P. F., and Holaday, D. A.
Radon and Radon Daughter Hazards in Mine Atmospheres
Ind. Hyg. Quart, 17, 405 (1956)

Radium and Mesothorium Poisoning and Dosimetry and Instrumentatj
Techniques in Applied Radioactivity
Massachusetts Institute of Technology Report MIT-952-6 (1968)

West, A. L.

Respiratory Protection Equipment Developments by the U. S,
Army Chemical Corps

Am. Ind. Hyg. J., 19, 140 (1958)

Military Specification, Charcoal, Activated, Impregnated, ASC
MIL-C-13724A, Department of the Army, May (1960)

Thomas, J. W. and LeClare, P. C.
A Study of the Two-Filter Method for Radon-222
Health Physics, 18, 113 (1370)

Siegwarth, D. P., Neulander, C. K., Pao, R. T., and Siegler, M.

Measurements of Dynamic Adsorptior ~oefficients for »sble Cases
on Activated Carbon

Proceedings of the 12th Air (learn Contfzrence, p. 28 (1972)

(National Technical Information Service, U. S. Department of
Commerce, Springfield, Va. ]

000196
- 12 -



10.

11.

12.

D973

Lee, K. B., and Madey, R.

The Transmission of Xenon-133 Through Activated Charcoal
Adsorber Beds

Nuclear Science and Engineering, 43, 27 (1971)

Fusamura, N., Kurosawa, R., and Ono, S.

On the Study of Radon Removal with Active Carbon
Nippon Kogyo Kai Shi, 79, 590, Aug. (1963)
(sandia Translation, Report SC-T-64-904]

" Report of International Commission on Radiological Units and

Measurements (ICRU), p. 71

Handbook 78 (1959)

(National Bureau of Standards, U. S. Government Printing Office,
Washington, D.C. (1961) ] '

- 13 - 000197



TABLE 1 .
EFFECT OF RADON CONCENTRATION ON LIFE OF M1l CANISTERS*

Radon : Canister Life (min)
Concentration Temperature Humidity ~_Transmission

(pCi/t) (°c) (mg/2) 2% 10% 30% 50%
1,640 24 0.2 13 17 22 27
37,250 23 0.2 13 18 23 27
1,650 23 5.0 9 13 17 22
39,100 23 5.3 10 13 17 21
1,590 23 18.0 4 7 10 12
37,050 23 17.0 5 8 11 13

*Flow rate was 16 {/min.

- 14 -
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TABLE 2

5975

EFFECT OF FLOW RATE

Canister
Type

Moisture Conditions

Relative life to 10%

Scott-Acme

Scott-Acme

Scott-Acme

M1l

M11 .-

"Zero" water content
(Fig. 5)

Medium water content
(Fig. 6)

High water content
(Fig. 7)

Fresh dry canister,
tested at 0.2 mg/¢
humidity (Figs. 2
and 3)

Fresh dry canister,
tested at 9.4 mg/!¢
humidity (Figs. 2
and 3)

transmission
8 ¢/min 16 t/min 32 g/min
16 ¢t/min 32 4/min 64 (/min 4
- : 2.3 2.5
- 2.9 2.5
- 2.7 2.5
2.3 - -
2.2 - -
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TABLE 3

EFFECT OF TEMPERATURE ON EFFICIENCY OF SCOTT-ACME CANISTERS

Flow Water Fraction Radon Radon
Test Temp. Rate Content - Adsorbed Adsorption

No. (°C) (¢/min) (grams) Observed Corrected* (pCi)
74 20 16 25.6 0.928 0.911 9.62 x 10%
79 21 16 25.9 0.897 0.882 8.47 x 10°
77 25 16 27.7 0.835 0.833 8.00 x 10°
73 19 32 23.0 0.653 0.618 13.05 x 10%
80 21 32 29.5 0.555 0.566 11.95 x 10°
76 25 32 29.8 0.508 0.521 11.00 x 10*
75 20 64 28.8 0.412 0.414 17.49 x 10%
81 20 64 33.8 0.354 0.365 15.42 x 10°*
78 26 64 27.2 0. 323 0.321 13.56 x 10%

Time of test, 60 mi: :tes.

Radon concentration,

about 11,000 pCi/t.

Test humidity, about :0 mg/%.

*All results corrected to a water content of 28 grams per
canister.

- 16 -
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TABLE 4

COMPARISON OF SCOTT-ACME TYPE 184 CANISTERS

: Water Test  Life to 2% Fraction Radon
Canister Content Humidity Transmission Adsorbed

Type Lot (grams) (mg/ L) (min) 1 hour 2 hours
184-0V 1381 0 9 50 0.99 0.86
184-0V 1381 4 9 53  0.99 0.86
1840V 1711 0 1 38 0.97 -
184-0V 1711 0 1 37 0.97 -
184-0V 1711 3 9 35 0.96 -
184-0V 1711 3 9 32 0.95 -
184-0VWC 1478 0 9 36 0.96 0.73
184-OVWC 1478 9 9 37 0.96 0.70

Flow rate 16 t/min, temperature 25 % 1°C in all tests.

Radon concentration 38,000 pCi/t for tests of 184-0V (Lot
1381) and 184-0VWC canisters and 11,000 pCL/t for tests of
1840V (Lot 1711) canlsters.
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TABLE 5 .

DESORBING CONDITiONS FOR REPEATED RADON TESTS
ON A M1l CANISTER

Before Test Nc. ' Canister ngggmént
1 | None (fresh canister)
2,5 5 hes at 1.5 mg/L humidity, 20 ¢/min
3,4,6,8,9,11 16 hrs at 1.5 mg/t humidity, 20 £4/min
7,10 16 hrs at <0.1 mg/¢ humidity, 20 t/min
12 No reqeneratlon,‘stored 18 days
13,14 16 hrs at 4.5 mg/{ humidity, 20 £/min

000202 .
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Figure 12, Ffaction of input radon adsorbed in a 60 minute
test time for Scott-Acme (lot 1711) canisters. Radon con-

centration 11,000 pCi/f, temperature 25°C.
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@ "oAM ENTERPRISES, INC.

13630 Watertower Circle
Minneapolis, MN 35441

(612) 589-32686
(800) 328-3342

/

The following are excerpts from a question and answer session between Dennis Holbert,
a Nigeria, Africa customer, and their consulting engineer.

This meeting took place in May 1977, which eventually resulted in the foaming of
13 barges in Nigeria that fall,

The meeting was opened by agreeing that foaming of the African company barges is
necessary and time is of the essence.

They said that ulitimately 13 80 x 30 barges will be completely foamed and 41 of the
balance of 47 would only have the rake sections foamed pursuant to an engineering
survey conducted by them. They noted that it may be necessary later to consider
completely foaming the entire fleet. They said that for the present, the African
company will purchase-material for 13 barges together with the necessary equipment,

Mr. Holbert noted that rakes frequently are the most leaky section of a barge but
30 year old barges probably are full of pinholes and the bottom is probably so
porous that daylight could be seen through the entire bottom.

In response to questions, Mr. Holbert gave the following ancwers with the conqultant’s
reactions noted.

Q. Will foam stand up to tropical conditions?.

A. I have no personal knowledge of Nigerian conditions, but the foam <tands
up to Gulf Coast weather. Only acids are known to break down the foam.

Consultant: [t is likely that in sealed holds the foam will endure the
Nigerian conditions for years. (Constant exposure to heat and humidity
will slowly deteriorate the surface. However, the closed cell foam
structure inhibits any penetration and | think the danger is small to
a properly formulated isocyanate polyurethane foam. However. the foam.
will nourish tropical molds if there is exposure and the material is not
inhibited.

Q. Will foam be applied in layers?

A. Yos. Two inch holes will he drilled in the deck at about 6 intervals to

inject the foam. Three poury are anticipated. After Lthe last pour,
someone will stand on a board over the hole ta retain the foam in the hold,
Abaut 3 to 4 hours per layer is the practice, No voide are anticipated,

" Listing will not be a problem and may he o help, 000217

Consultant: Thia follows the practice | cuqagested in oar carty discusions,

of foaminy.
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Q. What about exothermic heat?

A. This is controlled by the formulation of the foam and by the pouring in
layers. A temperature of 130F will probably be the highest attained during
reaction. The hazard of creating heat qenerated voids by excess exotherm
is known.

Consultant: This is the present state of the art and is entirely a matter of
the formulation which Mr. Holbert did not disclose.

What is the time for the foam to rise after being mixed and poured?
The cream time is 3 minutes.

What about fire resistance?

> O

The foam will have the fire retardance of MIL-SPIC-I-219298 (ASTM D-1692) .
This is accomplished by incorporating 3', percent of Tyrol-6. While the foam
will not be ignited by tossed match, it can be ignited by a cutting torch.
The foam will pass the "hot nut" (simulating welding sparks) test.

‘Consultant: It -should be recoqnized that polyurethane foam will burn if ‘

ignited by a sufficient ignition source. However, the circumstances of
normal use do notl present much hazard. When a barge iy Lo be welded or
cut, special precautions should be taken to avoid burning the foam. The
fumes from combustion are quite toxic and we have had more than enough sad
history with the Nigerian crew. A casual approach can lead to traqedy.
Mr. Holhert promiced to furnich a safety manual as well as an operating
manual. | would like to review the manuals,

Q. What prefoam cleanup procedure do you recommend?

A. The barge should be free of ponding water and loose material, Do nol <orape
the rust!

Consul tant: Whercver the surface is damp or wet, the foam will be cubstandard.
[f there is steady influx of water the hole should be pluaqed unless the
foam, by itself, will plug the hale., A new barge <should be prepared <o that
the foam will adhere to the Steel and protecl FU Teon fubuare rus toog from
the inside hesides strengthening the structure. The 30 year old barnges will
suffer more harm than derive good from rust removal. However, pinhales will
be plugged by the foaming process and it should not be surprising to <ee it
exudate from the orifices. The foam will find all openings.

Q. What aboutl the uae of Freon 172 in the foaming procese?

A. About 4% of Freon 12 is used in the tormula. This 15 a blowing aqent.  The '
Freon is introduced throuqgh the mixing valve and compressed nitrogen is
necescsary to push it into the system, Operator il 90 required 1o mabe
sure that an appropriate amount ot Freon (7 v, metered an,

Consultant: Note that compressed nitrogen must be availahle at the foaming 000218
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Consultant (continucd) The Freon 12 boils at -21.6 F. and will cause the bubbles

to form during the creaming. Special care will be necessary in handling
this material. A skilled technician is required for the taking of samples,
weighing them, and calculating the density to requlate the Freon content.

Q. What are the requirements for compressed air for this process?

'A. 150 CFM at 80 psiq.

Consultant: This will require a sturdy air compressor with adequate capacity.
A spare is indicated for this essential part of the system.

Q. What is the procedure for uncompartmented barges as in those barqes where
the superstructure is unreliahle.

A. Transcript not readable at this point.
Q. How do you measure the amount of material per fi11?
A. By eyeball and a watch.

‘(jonsultant: More operator skill is involved.

There are five connections on your mixing valve. One is for solvent. What
are we talking ahout?

A. Cellusolve solvent (Methyl ethyl ketone or xylol will also work). This is
to clean the mixer gun when operations are temporarily halted, otherwice
the mixer will plug. This will stop operatinneg,

Consultant: This is another material that must be provided in Nigeria. Can
Mr. Holbert mean Cellosolve, a well known paint and lacquer thinner? We,
however, talked about a petroleum fraction.

Q. How much labor is involved?

A. We would supply a skilled technician foamer; unskilled help will be expected
to be available locally. Our proposal will cover this point.

Consultant: There is a considerable amount of material handling involved,
100 drums of foam chemicals must be opened and used per barge. The proposed
rate of 150 1bs. per minute means that about: 20 drums per hour will he
handled, opened, emptied, and disposed of. The loqictics should be carefully
examined to be sure that the planned procedure is fcasihle. [Personnel

propnr]y disposed of . " In lho hands ot an uns nphl ticate there is a real

‘ o serious hazard.

gro ection must be carefully provided for. The uscd drums <hould he carefully

000219
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Q. What ahbout strengthening the barge by foaming?

v

A. Although the compressive strength of the fnam is about 20 psi, no
assurance can be given of strengthening.
Consultant: This is true exr -~ in the case of a new barge where the foam

adheres strongly to the m: .. In this case substantial strenqth occurs,.

Q. Why should not all new barges be foamed?
A. They should be, but the initial cost is a d-terrent,

Consultant: It takes a while for a technoloqy advance to take hold. This
advance has about 10 years to go before it becomes commonplace. This i«
an African company opportunity.

I will not comment on the discu an of mesarial costs, machine -asts, .hipping
except to say that Mr. Holbert seems to be quite competitive bascd on my discussions
with two other foamers of barges.

In general, | have the distinct impression that Mr. Holbert has real world crperiences
has met and overcome most of the problems that have arisen in the H.S., and has a
can-do spirit.

000220
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13630 Watertower Circle

Minneapolis, MN 55441 TECHNICAL DATA SHEET FOR FE 7053 1703 Crosspoint
(612) 559-3266 Houston, Texas 77054
(800) 328-3342 (713) 796-9743

FE 7053 is a polyurethane elastamer system formulated for spray application.
FE 7053 is designed for below ground application as a secondary container
barrier for fuel spills. This barrier is intended as a temporary containment
after a fuel spill. '

The ground area is first sprayed with the FE 502 foam system at a thickness of
1/2 to 3/4 inch. The FE 7053 is then applied over the FE 502 at a 1/8 to 3/16
inch thckness.

APPLICATION:

EQUIPMENT: Graco (Viscount I1) variable ratio Hydra-Cat and Foam—Cat heater
with a 35:1 Senator (954-517) resin pump and a #2 Cylinder (207-862) isocyanate
purp. A Binks 43P spray qun modified with a dynamic shear mixer before the
0.029 spray tip is recammended.

Pumping pressures of 1700-2500 psi with a preheat and hose temperature range or
115-125°F. are recammended. A calibrated weight ratio of 100 B camponent to 56
A camponent is required. '

PHYSICAL PROPERTIES

PROPERTY | TEST

| RESULTS

Density, pcf | Immersion ] 40 - 50
Tensile, psi | ASTM D-412 | 200 - 400
Elongation, % | ASTM D-412 | 100 - 210
Tear Strength, PLI | ASM D-1004 | 65 - 85
MVT, Perm | ASTM E-398 | 0.75 - 0.95
Hardness | Shore A | 48 - 60
Scaling Resistance, 80 Cyles | ASTM C-672—Z§) | "0", No Scaling
Abrasion Resistance | ASTM D-4060 |

Wear Index | | 0.20 - 0.26

Weight Loss (., | l 0.20 - 0.26

Wear Cycles/Mil l I 135 - 145

Strips of FE 7053 were immersed in water and thirty weight oil (separately) for
six months. The strips were evaluated as follows:

PROPERTY | TEST | RESULTS
Tensile, psi | ASTM D-4]12 | 200 - 400
Elongation, $% | ASTM D-412 | 100 - 210
Weight Change, % | FETP #16 |
Water | | +15 to +30
0il | | +7 to +9
(1) .Utilized an H-18 abrasion wheel, 100 gm. weight and 1000 rpm. 000221

(2) Number of cycles of abrasion required to wear a film through to the sub-
strate per mil (0.001 inches) or film thickness.
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GENERAL INFORMATION

The recommended application and handling procedures for the specific pro-
duct being used should be known and followed by the foam applicator. A
small "test area'' of spray foam should be applied and inspected prior to
commencing the project. This simple, low-cost test area can indicate in-
adequate adhesion, improper surface preparation and/or primer, surface con-
tamination, improper substrate and/or ambient temperature, equipment mal-
functions, material contamination or improper application technique. A
simple visual inspection of a sample cut from a test and periodic job
samples can reveal potential problems that may be due to one or more of
the above conditions.

CAUTION

The use of foamed plastic in interior applications on walls or ceilings
may present an unreasonable fire hazard unless the foam is protected by
an approved, fire-resistive thermal barrier which has a finish-rating of
not less than 15 minutes.

The information herein is to assist customers in determining whether our
products are suitable for their applications. uur products are intended for
sale to industrial and commercial customers. We request that customers
inspect and test our products before use and satisfy themselves as to con-
tents and suitability. We warrant that our products will meet our written
specifications. Nothing herein shall constitute any warranty express or
implied, including any warranty of mercantability or fitness, nor is pro-
tection from any law or patent to be inferred. All patenc rights are re-
served. The exclusive remedy for all proven claims is replacement of our
materials and in no event shall we be liable for special, incidental or
consequential damages.

000222
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FOAM ENTERPRISES, IN(
13630 WATERTOWER CIRCLE
MINNEAPOLIS, MN 55441
(612) 559-3266 (800) 328-33¢
CwiN ity testing

ST PAA N 500 1¢
PrHONE  812/040 20y

REPORT OF:  TESTS OF POLYURETHANE FOAM

PROJECT: MATERIAL, EQUIPMENT AND pate:  June 3, 1977

REPORTED TO:, PROCEDURE EVALUATION PURNISHED BY:
Foam Enterprises, Inc. .
13630 Watertower Circle ‘ cores vo:
P1ymouth Minnesota 55441

.Dennis Holbert e —
President
RAT .No.
LABO ORY No 7.7280
INTROOUCTION:

This report presents the results of a series of tests conducted on Class | polyurethane
feam, nominal density (open mold) 2.0 pounds per cubic foot The tests were performed

at the request of Mr. Dennis Holbert, President, Foam Enterprises, to satisfy his con-
tract with Marinette Marine Corp, Marinette. Hiscons1n. to provide faam in place flotation

as per Navsea Drawing 191-5014996 (MMC Drawing 1240-001-191§ This material is to meet

e requirements of Mi11-P-219298, Class . Mi1-P-291298 {s the Military Specification,
astic Material, Cellular Plyurethane, Foam-In-Place, Riqid, 2 and § Pounds FPer Lubic
oot, dated Il, August, 1969.

SUMIerR( OF TEST RESULTS:

Class I
‘Froperty Requirement Tested Value
Lensity 2.0 £ 0.5 pef  2.28 pcf
Compressive Strength 20 psi min. 26.2 psi
(¢ 105 veformation)
nurigity Aging
Yolure cnange, £ of original t10 +5.07%
Comprescsive Strength change, 20 Less than 1%
s of criginal, max _
Cerprescive Set. € max. : 3.5 2,08
. . 2 el
mater Arcarption, 1b./ft" of 0.12 0.07 1b./ft r
Cut surface area, max. 000223
Resi.tance ' no softening No evidence of saftening or visible
or visible change degradation
' Fire Resistance non-burning and - A1l specimens either self- extlnguisne-

no flaming droplets or did not ignite, therefore, naterxa
is non- ~hurnina Thomn e --
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REPORT OF:  TESTS OF POLYURETHANE FOAM

. parg:. dJune 3, 1977
LABC  DRY Ne. 7-7280 page. &

#1ATUKE AND DISPENSING OF CHEMICALS:

The chemicals used to produce the foam meet the F.E.- MGZA'and MG2B specifications.
F.E. -MG2A covers the 1socyanate and MG28 covers the resin. During the foam
procuction, the chemicals wers used in a 1:1 ratio (by volume).

Equipneat used for foaming was the F.E.- GV60 air powered pumping system, which 1s of
Expro agesign and manufacture. It is equipped with two equally sized proportioning

“1ulg pistons powered by a reciprocating air motor. At the dispensing head, tha ma s
ire renifolded into a static mixer which introduces air for dynamic mixing, and ilow

ger-, for the frothing and cogling of the reacting chemicals.

During the foaming of the material in the laboratory; temperature control of the MG2A
ned MG2B was maintained, as well as the method of introducing thea into the propartianing
pumps. The compressed air pressure was controlled to the pump and the mixing head.

Tne correct anmounts of blowing agents, which are necessary to quality and density, were
centrcllad by the operator.

Tre basic chemicals, equipment and procedures, when applied together by foam technicians

under the guidance of Dennis Holbert, resulted {n the foam meeting the requirements of
MIL-P-2159¢98 for Class [ material.

INTIAL TEST PREFAKRATION:

Two test molds were fabricated for preparation of two free-rise samples of the polyuretnane
foam. The molds measured 13* x 13" » 25" inside dimensions, and were fabricated from &~
sluminum plate, with bolted connections on all corners and edges for ease of removal

cf the sample block from the mold., After two unsuccessfuloattemptsoto attain the correc:t
density in the sample blooks, the blocks were foamed at 60°F and 80°F, which were the
Lemperature extremes expected to be encountered on the job site.

“eforz trne sample blocks were foamed. Then both the 60°F and the 80°F sample blocks

Jameqd ond held for a minimum of 48 hours before the samples blocks were removed fros t¥e

The two aluminim molds were pre-conditianed for a minimam of 4 hours:on March 7, 1977.
nolds.

0C0z24
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ngront or: JESTS OF POLYURETHANE FOAM

_ DATL: June 3, 1977
LABORATORY No. ' 7-7280 race: 3

INITIAL TEST PREPARATION:

The post-cured densities of the two black§ were:

60°F sample - 2.65 pef.
80°F sample - 2.28 pef.

At this time, it was decided betwgen Foam Enterprises & Marinette Marine Corp. to test
only the B0'F block, since the 60 F sample was our of spec for density.

TESTS:

Color and Odor -

The sample, block did conform to color and odor requirements.

Density -
After removal from the mold, the 80°F sample block was trimmed of surface skin to a

block size of 11.75% x 11.75" x 22.75". The weight of this block was determined to
be 4.154 1b,, giving a density of 2.28 pounds per cubic foot.

Homogeneity of Cured Foam -

The sample block was sliced into twelve 1" thick (nomindl) layers. The remainder of
the block was set aside for future use, 1f necessary. A visual examination of both
faces of each of the twelve layers comprising the test specimen revealed that the cured
foam was free of non-foamed, or soft and tacky particles. The foam was composed of smal

000245
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REPORT OF:  TEST OF POLYURETHANE FOAM

parx: June 3, 1977

LABORATORY No. 7.7280 ragr: 4

cells of approximately the same size. Blow holes were encountered during the visual
examination, but none w2re larger than k" and not more than one occurred in any projecte

?rea of 6" x 6", ~1s0. .10 acre then 3 blow holes were present in any 3 adjacent 1" thic
ayers,

Cumpressive Strengqth - '

Tnree 4" x 4" specimens were tested in accordance with pracedure A of ASTM D-1621. The
tests specimens were selected from layers 3, 9 znd 12,

~oad .
Specimen 2 at 10X Compressive
Kumber Area, in. ., Density, pcf. Oeformation, 1b. Strength, psi.
3 16.32 .24 450 27.6 ‘
9 16.36 2.37 . 415 25.4
12 16.44 2.19 420 25.5
| | Average - 26.2 psi‘

Huridity Aging -

Six specimens measuring 4" x 4" were subjected to humidity aging, three of which were
tested afterwards for change in compressive strength.

Volume Cﬁangg

Specimen Original 3 Volume Change Volume Change
hutber Volume, in, After 1 day After 7 days
3-1 . 16.52 +4.54% +5.57%

€-1 16.61 +4.52% +4,52%

S-1 ' 18.00 . +2.22% +5.112

Average - +5.,07%
o reversion was detected during the 7-day conditioning period at 140°F and 100% R.H.

" Compressive Strength Change ’ .
Specimen 2 Load at 10% Compressive
‘Nuroer Area, in. Density, pcf. Deformation, 1b. Strenqth, psi.
3-1 16.81 2.23 455 27.1 .
6-1 . . . 16.81 2.21 430 25.6 000226

9-1 17.22 2.27 ?35 25.3
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REPORT OF: TESTS OF POLYURETHANE FOAM

. DATE:  June 3, 1977
LABORATORY Neo. 7-7280 Page: §

Compression Set -

Three apecimens measuring 2.250* diameter were subjected to a static load of 5 psi
at 158°F for 24 hours. After a 30 minute recovery period, the thicknesses were

remeasured.

Specimen Original Final - Compression

Number Thickness, in. Thickness, in. Set, %

1 1.250 1.230 1.6

2 1.150 1.120 _ 2.6

3 1.150 1.130 1.7
Average - 2.0%

. Water Absorption -

Water absorption was determined in accordance with ASTM D-2127 except specimens were
immersed in distilled water at 4.35 psi for 48 hours.

Haterzabsoprt1on
Soecimen Cut Surf,ce Original Final 1b4ft” of cut
Humher Area, ft Weight, q. weight, gq. surface area
3 0.33 "9.65 17.87 .056
€ 0.34 10.60 20.82 .067
E 0.30 9.60 21.42 .076
Average - -0.066 1b/ft2

011 Rec<istance -

Four specimens measuring 1.329" x 1" thick (nominal) were immersed for 70 hours in,
ASTM #2 reference 03l at 70°F and 50% R.H. Four control specimens were held at JO°F
ana 50% R.H. for camparison after the test. After 70 hours, the specimens were re-
mcved from the oll, the excess oil was blotted away, and the specimens were examined.

lio evidence of softening or visible degradation was detacted.

Fire Resistance -

Fire rasistance of the foam was tested both before and after aging at 140%F and 100
R.H. for seven Gays, Specimen size was & x 2" x 6. Procedures outlined in ASTM
‘ 0-1692 were followed for the test. Applied flame tima for.all specimens was 60 seconds

000227



ALPORT OF:

TESTS OF 20LYURETHANE FOAM

LABORATORY No, 7-7280

Specimen Burn 4PN Burn

Number Time, sec. Length, in. Rate, in/sec.

Cuwin city testing
BN SNCNBE TG 0! RACONG, NG,
b CAMSt L Al nd
51 PAML We $91104
OnONE  $13:60 D4

%une 3, 1977

Remarks

Before tonditioning:

1 130 4.0 .03
2 81 1.5 .02
3 60 0.5 .01
4 60 0.5 01
5 60 0.5 .01
After conditioning:

1 72 1.5 .02
2 60 1.0 .02
3 65 2.0 .03
4 70 2.3 .03
5 80 2.3 .03

Self-extinguished
Self-extinguished
0ic not ignite
Did not {gnite
Did nor ignite

Self-extinguished
01d not ignite
Self-extinguis
Self-extinguish~s
Self-extinguished

A1l specimens either self-extinguist.xd or did not ignite during the fire resistance
test. Therefore, the material fs non-burning. Also, we observed no esidence of

flaming droplets during the test.

REMERYS:

We hereby certify that this polyurethane foam when produced under the abave canditions,

reet the specified requirements of Mi1-P-219298 for Class | material.

TWIN CITY TESTING AND ENGINEERING

LABORATORY, INC.

Ward A Biandin, M.E.

000228



® FOAM ENTERPRISES, INC.

MG2-B 13630 Watertower Circle
Minneapolis, MN 55441
(612) 559-3266

RIGID URETHANE BARGE FOAM (800) 328-3342

INDUSTRIAL FLOTATION

DESCRIPTION::

MG-2.0-B is formulated for use in industrial (barge) flotation
applications with large ®"froth/pour” equipment.

The foam exhibits below normal exothermic heat generation during
the "froth/pour” (using R-12) operation and has excellent flowing

characteris;ics.

PROCESSING CHEMICAL PROPERTIES:

Viscosity

Specific Gravity

Ratio (Parts by Weight)
Cream Time (no R-12)
Rise Time '
Tack Free Time

Test  ASTM  Test "A" - "
Temp.°F. Meth. Unit Component Componer

77°F. D-1638 cps 250-350 900-100
77CF. D-1638 gr/cc 1.24 1.21
o 50 50
77°F. 25-30 seconds

2 minutes, 50 seco
3 minutes, 1S seco

Density (no R-12) 77°F. 1bs/£t2 2.0 £ 0.1
FOAM PHYSICAL PROPERTIES:
Nominal Density 77°F. D-1622 lbs/ft3> 1.8 £ g.1
(with R-12)
k-Factor (BTU/£t2-hr-OF/inch) D-177 0.15 aged
Compressive strength 77°F. D-1621 psi(l0% deflection) 24.0
Closed cell percent D-1940 o/0 92
Water Absorption 74CF. D-2127 lbs/ft? c.1l
Dimensional Stability. 'D=-2126 (% volume change) _
4 Weeks 158°F. at 1008 RH + 16
3 Weeks 158°F, at 100% RH + 16
2 Weeks 158°F, at 100% RH + 14
1l Week 158°F. at 100% RH + 12
4 weeks =-30°F,. -1.5
24 hours 309. Dry cold no change
Shelf-life 6 months from manufacturing date
000229
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*This numerical flame spread rating 1s not intended to reflect
hazards presented by this or any oth2r material under actual fire
conditions.

The information herein is to assist custamers in determining
whether our products are suitable for their applications. Our
products are intended for sale to industrial and commercial
custamers. We request that customers inspect and test our
products before use and satisfy themselves as to contents and
suitability. We warrant that our products will meet our written
specifications. Nothing herein shall constitute any other
warranty express or implied, including any warranty of
mercantability or fitness, nor 1s protection from any law or
patent to be inferred. All patent rights are reserved. The
exclusive remedy for all proven claims is replacement of our
materials and in no event shall we abe liable for special,
incidental or consequential damages.

 SPECIFY: RIGID URETHANE FOAM

FOAM 3500 - —_
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L2 00 Ivua walet 3000
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} . . .
DISPLACEMENT (TONS) 10 20 Jo 40 50 60 70 80 20 100

Two liquid components ipphied in10 a bouyancy chamber expands 1nlo a closed celi,. monalithic urethane
toam conforming (0 the chamber contiguration and adhering 10 every surface. It can be applied while the
vessel is in the water~no necessity for drydock. The loam sets immediately  the vessel can go 1nto immaediate
service. Farmulation Meets Specihication MIL -P--219298 Amendment 1.

The urethane material will seal ail tauity weld seams, 100se rivets and holes of less than V' diameter. (Patch

larger holes, Eyen smail ruptures are sealed and the common problem of tak Ing on waler is ehminated for
more positive trim control

The urethane toam system 13 varsalile. 1is resihency perinits the urethane tosrm 19 Hex with movements ol the
vessel without cracking or l0osening. Its superior insulating value makes urethane ideal for heat control
3pphications, and 1t can aiso serve as an "“above water’” moisture prooting agent. 0230
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® FOAM ENTERPRISES
RESEARCH, INC.

July 30, 1987 713-796-9743

I.T. Corp..

312 Directors Drive
Knoxville, TN 37922
ATTN: Dr. David Harmer

Dear Dr. Harmer;

In reference to sealing the K-65 si1lo structure, we recommend
the following composite of foamed polymer materials:

1. The first application should be four to eight inches of
FE 611-6.0 hydrophobic polyurethane foam system. This foam
product processes with minimal interaction with soil bound
moisture and would provide a rigid foam base to protect the

, remainder of the foam applications from:© moisture
‘ ’ contamination.
2. The second application should be six to ten inches of

FE FLEX-281WH as a flexible foam seal to insure the seal at
the foam/wall interface. This product exhibits a minimal
percent elongation of 110% together with a thick integral
surface skin.

3. The resultant void would be filled to within one to
three feet of the ceiling with a 2.0-2.5 pcf rigid foam
system ‘designated FE MG-2B. The typical range of

compressive modulus of FE MG-2B 1is 300-800 psi.

4. The remainder of the void would be "topped off" and
filled with the FE FLEX-28l1WH system.

We also propose that a rigid polyurethane foam insulation topped
with an elastomeric coating membrane be applied to the exterior
of the concrete dome. This composite would protect the concrete
dome from further weatherability regression (ie. freeze - thaw).
The exterior insulation would also reduce the movement of the
concrete relative to temperature changes. This protective
roofing composite would be applied as follows:

l. The concrete surface should be cleaned and primed with
‘ an epoxy polyamide sealant.
2. The FE 302-2.5 (or =-2.7) rigid polyurethane foam

insulation would be spray applxed at a thickness of one to

two inches. 000231
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3. F  'ra Flex 500 e :tomeric coating would then ke
applie .t a thickness of 95-40 m.ls.

4, The composite would then be topped with the weather
resistant Futura Flex 550 coating at a thickness of 10-15

mils.
Sincerely, /722¢47Z£;7
David C. Dressel
Technical Director
DCD:1kg

cc: D. Holbert
C. Whi*e
J. Andcrsen

000232



13630 Watertower Circle

Minneapolis, MN 55441 1703 Crosspoint .
(612) 559-3266 Houston, Texas 77054
(800) 328-3342 (713) 796-9743

CHEMICAL SYSTEM-UPC 281

DESCRIPTION: INTEGRAL SKIN FLEXIBLE FOAM

UPC-281 is a MDI based, two component chemical system. This medium low
density, open-celled foam has excellent and tough integral skin when cast
in metal or plastic molds. It exhibits excellent energy absorption prop-
erties over a wide temperature range from 09F to 1500F. This moderately
firm foam is used to package very expensive objects, where flexible cush-
joning characteristics are needed to dampen shock and resonant freguency
encountered in most shipping. It is also recommended for molding arm or
head rests for use in furniture, aircraft or automobiles.

CHEMICAL PROPERTIES: (@ 779F)

Viscosity, CPS
A-Component: 100

B-Component: 500-600

Specific Gravity
A-Component: 1.23 B-Component: 1.10

Reactivity Profile

Cream time, sec. 15-18

Rise time, sec. 30-35

Tack free, sec. 35-40
Mixing Ratio (By Weight) A/8 25/75
Processing Temperature, °F 75-80
Mold Temperature, OF 80-90
Demold Time, min. ' 10

PHYSICAL PROPERTIES:

Core Density (Free Rise ) LB/Ft3

4

Tensile Strength, PSI 15
Tear Strength, PLI 1.2
Elongation, % 110-120
Resiliency, % ball rebound 60-64 .
4" ILD, LBS/50 in (based on 4" free rise foam)

25% Deflection 45 (core)

65% Deflectiaon 98 (core)
Air Flow 3.2
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MATERIAL HANDLING PRECAUTIONS:

Component A zontains reactive isocyanates: Avoid contact with skin, eyes,
or clothing. iiear chemical resistance rubber or plastic gloves. When pour-
ing in confined areas, provide ventilation to maintain vapor concentration
below established TLV of 0.02 ppm Toluene Diisocyanate. Avoid breathing
vapors. The use of a respirator is impressive in confined areas.

In case of contact with the eyes, flu: immediately with copious amounts

of clean water for at least fifieen - es. Ge: immediate medical attent-
ion.

Component B contains polyether polyol, amine catalyst and silicone sur-
factant. Since its vapor pressure is low, there is no significant hazard
to health under usual circumstances of handling or use.

STORAGE INFORMATION:

Compcaent A will react with moisture which liberates heat and carbon dioxide.
This could result in rupture of closed container. Component A should be
stored between 60°F and 809F in sealed containers.

Component B should be stored between 60° - 800F. When opening a container,
partially unscrew the cap or vent the bung to relieve any pressure before
opening fully. Reseal the container as soon as the required amount of
material is removed to prevent unnecessary loss of chemicals.

SHELF LIFE:

Six months in sealed, unopened containers.

The information herein is to assist customers in determining
whether our products are suitable for their applications. Our
products are intended for sale to industrial and commercial
customess. We request that custamers inspect and test our
products before use and satisf, themsilves as to contents and
suitabllity. We warrant that cur products will meet our written
specifications. Nothing herein shall constitute any other
warranty express or implied, including any warranty of
- mercantability or fitness, nor is protection Zrcm any law orc
‘patent to be inferred. All patent rights are resecrved. The
" exclusive remedy for all proven claims is replacement of our
materials and in no event shall we abe liable for special,
incidental or consequential damages.
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FOAM ENTERPRISES
o RESFARCH, INC.

1703 Crosspoint
Houston, Texas 77054-3707

713-796-9743
TECHNICAL DATA SHEET

FE 611-6.0

The FE 61176.0 rigid polyurethane foam system exhibits hydrophobic
characteristics during and after foaming. This product is
designed for in-ground, structural applications.

LIQUID COMPONENT PROPERTIES

PROPERTY TEST FE 800 FE 611-6.0
Mix Ratio By Volume or Weight 1.0 1.0
Specific Gravity ASTM D-i63s 1.23-1.25 1.15-1.20
Viscosity, cps Brookfield RVF (75°F) 150-220 2700-2900

PROCESSING CHARACTERISTICS

HAND MIX
PROPERTY A & B AT 75°F
Cream Time, Sec. _ 34 - 44
Gel Time, Sec. 60 - 75
Rise Time, Sec. 75 - 95
Tack Free time, Sec. 75 - §5
Core Density, PCF 5.7 - 6.0
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*This numerical flame spread rating is not intended to reflect hazards presented
by this or any other material under actual fire conditions.

The information herein is to assist customers in determining whether our products
are suitaole for their applications. Our products are intended for sale to
industrial and commercial customers. We request that customers inspect and test
our products before use and satisfy themselvas as to contents and suitability. We
warrant that c-r products will meet our w itten specifications. Nothing herein
shall constitur: any other warranty express or implied, including any warranty of
merchantability or fitness, nor 1is protection from any law or patent to be
inferred. All patent rights are recserved. The exclusive remedy for all proven
c¢laims 1Is replacement of our materials and in no event shall we be liable for
special, incidental or consequential damages.
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@ FOAM ENTERPRISES, IN

Office & Plant: 13630 Watertower Circle, Minneapolis, MN 554414(612) 859-3268
Research & Plant: 1703 Cross Point, Houston, TX 77034 (713) 7970408 }

FOAM ENTERPRISES TECHNIC"

DATA FE-302-2.5

With increasing awareness stemming from the is ar
costs of fuel and energy bills, energy conservcﬂonm'%come

priorty.

Foam Enterprises manutactures the highest quallty U.L. rated and non-rat -
spray-on urethane roof systems. They offer energy saving insulation and with -
proper top coatings, stay waterproof for numerous years of service under—_
movement and other variable conditions such as temperature, rain or snow.®\
thermal shock and radiation. :

Urethane foam is the most thermally efficient insulating material avallable.
Furthermore, it forms @ monolithic, seamiess jacket that is totally adhered to 100%
of the surface. Sprayed directly in place and protected with an elastomeric
coating, Foam Enterprises, Inc. provides an aesthetically pleasing finished
gppearance that will provide years of service.

From Thermo-insulation panels to roofin systems to Marine floatation. To
underground/water pipe insulation, Foam nterprises, Inc. can do the job.

000237
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Foam Enterprises, Inc. 302-2.5 system is @ smooth classified by Underwriters Laboratories Inc. per
skin potyurethane spray foam designed for thermal UL723 (ASTM E84)* testing, also UL790 (ASTM-E4
Insulation of roof ana storage tanks. FE302-2.5 Is Class A.

FLAMMABILITY

CHARACTERISTICS

*UL 723. ASTM-E84 (This numerical flame spread is not intended to reflect hazards presented
by this or any other material under actual fire conditions.)

pecran

CHEMICAL
PROPERTIES

Reaction times are influenced by equipment efficiency, temperatures of materials "A* & "B,
ambient conditions, temperature or substrate and thickness of the foamed mass. The
following charts are guidelines, and are intended to be used as such. Temperatures and
reqaction profiles are estimates and can vary slightly.

REACTION -
"PROFILE
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First Ald Considerations:
VAPOR INHALATION problems are characterized by coughing. shortening of breath ond tightness in the chest.
Anyone exhibiting these type symptoms should be immediately removea from the workplace and administered

oxy! Een orEfresh air. If the condition Is prolonged or extremne. SUMMON “EMERGENCY TRAINED” MEDICAL ATTENTION
IMMEDIATELY.

SKIN CONTACT with liquid components can result in o rash or other irritation. Wash any affected skin area with
water. Wipe residual liquid from the skin with a clean cloth then wipe the affected area with o 30% solution of

rbbing alcohol. Foliow the alcohol wipe with repeated washings with soap and water. it a rash or other Iritation
developes, SEE A PHYSICIAN.

EYE CONTACT with tiquid of sprayed components can result in comeal bums or abrasions. UPO” expoéure, eyes
should be flushed with water for an extensive period. SUMMON "EMERGENCY TRAINED” MEDICAL ATTENTION
IMMEDIATELY.

s , . . 000239
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Chemical Exposure

Potyurethane foams should not be exposed to liquids,
vapors, of residue of any chemicals or solvents that will
soften or degrade the foam or affect it in any other
mannel. Because of the variety of solvents and the
various concentration levels involved. each condition
becomes speclollzed and shouid be individuaity
consicered.

Satety, Health & ToxicHy Data

A MATERIAL SAFETY DATA SHEET (MSDS) HAS BEEN
PREPARED ON FE302-2.5 ALL PERSONNEL WHO WILL
COME IN CONTACT WITH THE PRODUCT SHOULD READ

AND UNDERSTAND THE MSD& :
Prolecitve
Since the -251s cfomlzed into a very fine, particle

distribution during spray ~ ~olicatlon. it is essential that
maximum effort is mode  orotect the spray mechanic
aond others near the work: . .2ce from undue exposure.
FEBOOA is a polymeric isccyanate and, as such, can be
vefy sensitizing, particutary from the standpoint of
VAPOR IN TION Some othar ingredients may be
sensitizing from the standpint of SKIN CONTACT OR EYE
CONTACT. Proper safety ymen: oulc De worn
as called for by the ma: afety «.ata sneets.

Prolection of the W ’

The overspray from system :02-2.5 can cany
considerable distances and care should be taken to do
the following:

1) Post wdmlnq signs @ minimum, of 100 ft. rom the
c.reo.

2)Coverolllmakeventsnec ™o work areq.
3)Setupwindbreckswhenneeded

4) Minimize or exclude all personnel not directly
. Invoived with the spray application.

§) NO WELDING, SMOKING OR OPEN FLAMES.

Shell Lite

Shelf iife of FE302-2.5 A ana B Components is 6
months from the cais of manufacture when stored
in onQinal unopen:=a containers at temperatures
between 50°F ana 74i°F

* Freight Classification _
Liquid Plastic Materials - NOIBN

Drum Dlsposal

Drums ccn he re-cycied by your local drum reconditioner.
Make sui+ ou empty them completely. It you need to
locate ci' . ontact National Barrel & Drum Associction. Inc.,
1030 Fiftex - .:h Street NW., Suite 130. Washington, L. 20005.
Phone numpber 202-296-8028.

General Requirements
and Special Conditions a.

The successtul design, instaliation, and operation of
sprayed rethane foam roof insuiation system is
heaqvily ndent upon Q wide variety of tactors
combining technoiogy, experence, and common
sense. These Interdependent factors must be thoroughly
evaluated and censidened to elimingte potential
problerns that ccn occur in any type of project. Factors
to be given specitic consideration include foam
appfication. unique and/or local weather conditions,-
maintenance and periodic inspection. and other
special conditions.

Foam Application

The successful apptication of sprayed polyurethane
foam is heovily dependent upon the experience.
common sense, and attention to detall exercised by .
the Contractor's personnel. Experience has shown that
the use of certain simple techniques and visual
inspections can pinpoint potential problems so that
they can be identified and remedied.

The recommended application and handling
procedures for the specific product being used should
be known and followed by the foam applicator. A smail
“test areq” of sprayfoam should be appiied and
Inspectea prior to commencing the project. This simple.
low-cost test area can indicate inadequate adhesion,

. improper surface prepardation and/or primer. surface

contamingtion, improper substrate and/or ambient
temperature. equipment matfunctions, material
contamingation, or improper application technique. A
simple visual inspection of g sample cut from a test
area ond peficdic job samples can reveal potential
problems that maybe due to one or more of the aboy,
cons L L0s

The biasic visual and physical Indlcators of conditions to
be comected are as follows: imegular and/or rough
surface texture; imegulor and/or karge cell structure;
excessive pinholes: a thin, low-density gnd lighter-
colored layer of foam at foam intertace: a higher-
density layer of foam at foam interface; enatic or
“streaky” foam color; poor Interface adhesion;
Inadequate adhesion to substrate: toam overspray
under a foam layer; and delamination and/or
inadequate adhesion of the underying coating and/or
primer. These are indicators and not causes of
conditions to be comected when compared to an
ccceptabie scmple of the same foam.

Industry application standards should be followed as
explained in U.F.C.A. or S.P.I. guidelines.

Caution

The use of toamed plastic In interior applica-
fions on walls or cellings may present an
unreasonabie fire hazard unless the foam is
profected by an approved, flre-resistant ther-
mal barrier which has a finish-rating of not
less than 15 minutes.

The information herein is to assist customers in determining whetter our products are suitable for
their appllcations. Our products are intended for sale to industrial and commercial customers.
We request that customers inspect and test our products before use and satisty themselves as
to contents and suitability. We warmrant that our products will meet our written specifications.
Nothing herein shall constitute any other warranty express or implied, including any wamranty of
mercantability or fitness, nor is protection from any law or patent to be inferred. All patent rights

are reserved. The exclusive remedy for all proven claims is replacement of our materials and in

no event shall we be liable for special. incidental or consequential damages.

FOAM ENTERPRISES, INC.
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PRODUCT DESCRIPTION

-Futura-Flex 500 is a two compo-

nent, hydrolytically stable aroma-
tic urethane elastomer designed
for long term protection of poly-
urethane foam. The high soligs
and thixatropic nature of the
coating, when properly mixed,
permit application of a uniform
high build film on either horizontal
or vertical surfaces. The cured
film has an exceptional combina-
tion of high tensile strength and
elongation, providing atough and
impact resistant protective mem-
brane. it is available in a one to
one mixing ratio (by volume) for
premix or plural component spray
equipment to insure trouble free,
economical applications.

FEATURES
Versatility

The Futura-Flex 500 System is a
separate base coat/finish coat
system. Supplied in a tan base
coat and a gray aromatic topcoat,
this system has excetlient dura-
bitity; however, slight chalking
and color change will occur. When
maximum color and gloss reten-
tion, aesthetics, and ease of ciean-
ability are of prime importance,
Futura-Flex 550 aliphatic urethane
is recommended as a finish coat.

Toughness

The high tensile and elongation of
Futura-Flex 500 provide superior
resistance to mechanical and hail
damage.

Weatherability

The Futura-Flex 500 system has
good resistance to ultraviolet
\radcatlon temperature extremes,
‘oxidation and ail forms of water.

Fire Retardance

Futura-Fiex 500 carries a8 UL790 -

Class A approval over numerous
polyurethane toams.

High Build/High Solids

The high solids (by volume), thixa-
tropic nature of Futura-Flex 500

enables the applicator to apply a .
uniform film thickness of. 15—25{
mils with ease, even on rough or i s 4
vertical surfaces without ptnhollng~;,—~2..,,9tlf,‘p

or sagging. Higher solids also;

allow faster application rates with '™ ox

increased coverage;: provldlng

reduced labor and' material costs"

Visichrome® . A E .
Allows the apph’cator to recognize’

instantly when the coating is

applied off-ratio. The “A" and “B"
components are manufactured in
separate colors, that when mixed,
produce a distinctive third color.

dya'problem occur\ in the
; mlehgaoﬂthé'coaxingf,‘z'tmslthlrd
. colorwi’lhshow“a“deﬂnlt&thange

- towards: e’lther}theﬂ vioF *B" side

i color “Vlsichrome’ saves‘Masted
time and matenalswithodt added

».H‘

- cost *“
B Chemlcal Res(stance

e tfy G
standaEFd E'f:lessyor.
nent‘eq“Tp’ine*ht ?

Physlcal and performance proper- '

:-..

TABLE 1: TYPICAL PROPERTIES (WET)

Property

Specifications " = i Valug - i

Component A

L Component B

100°F

g Ja-ag\n’# LN
o Futura-Flex Futura-Flex

*'500:8ase>.

Weight (#/gal): ASTM D 1475 )

Component A

Component 8 &
Mixing Ratid: AB — by Volume
Solids (mixed): -

by Weight ASTM D 1353

by Volume Calculated
Flash Point; Pensky-M'é‘rte.ns. L

' Closed Fup" _ j
Storage Stability 40°F (-10°C) to-

47 8°C): inanins

v
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lABLE 2: .

2ICAL PERFORMANCE PROPERTIES OF CURED MEMBRANE---—«,

ln._ LA A

ﬁhyplcal Properties

Test Method

- Tensile
Elongation at 75°F

100% Modulus
Tear Resistance

Permeability

Hardness

Accelerated Weatherin{;
Q-UV Accelerated
Weathering Tester

Ultravio!ei’ Resistance
Atlas Carbon Arc
Weatherometer

» EMMAQUA UV Radiation

Water Absorption

Accelerated Heat Aging

Low Temperature
Fiexibility

High Temperature

Resistance

Abrasion Resistance

-

ASTM D 412 Ty,
(Die C. at 20 lnche,: per min

ASTM 0’412

ASTMD 41 2

ASTM 624.;, it

8 hours intense UV' @160°
4 hours condensation
@ 105°F

,'-1:
ASTM D 822 -
Continuous UV and water
spray cychng
ASTME 838 * °

ASTM D 4713 days @.
75°F (23.8°C) ...

ASTM D 573 30 days @
185°F (85°C)

ASTM D 2136 180° bend .
@ -50°F (-45.5°C)

ASTM D 573

Continuous

Intermittent
ASTM C 501

CS-17 wheel

1000 rev. with .

1000 gram weight

GO AGBETL S

rhevgo ¢

ties of Futura-Flex 500 may be
found in Tables 1 and 2, respec-
tively.

Theoretical Coverage

Futura-Flex 500 Base — 1154 mil
sq. ft./gallon

Futura-Flex 500 Finish — 1 154 mil
sq. ft./gallon

Recaoammended Thickness

30-40 mils (Total System)

2.6 - 3.5 gallons per square,
depending on specification.
Typical Example:

Per 100 square feet of surface
1.73 Gallons No. 500 Base 20 Mils
0.87 Gallon No. 500 Finish 10 Mils

Total 30 Miis

Topcoated with Futura-Flex 550
Finish

1.73 Gallons No. 500 Base
0.96 Gallon No. 550 Finish

20 Mils
10 Mils

Total 30 Mils -

(Thesefigures are approxlmatlons

ances.) N

L

Number of Coats , .

Depending upon the service and

dry film thickness specifications; -

a Futura-Flex 500 system will
require a total of 2-3 coats. When

using Futura-Flex 550 as the finish,’

1 or 2 coats of Futura-Flex 500

base coat and one coat of Futura- -

Flex 550 is recommended.

Col

‘_lesh Coa

only. Also see Estimating Allow- . Other colors,available in.quan-

tityion, specual ‘order,, L
"'.-';'.Compaclbuux with: Other P

. --sentatlve_-r‘ 3
- Estlmallng Allowancon
G 'Allow~10-20%~addltlona. mateﬂal

oA ”'ti%“x*rv
x&"’

Base Coat:xTan (Standard)
lntermedfatexCoat (Optuonal)
' Tan® (Standard), Tmtmg avail-
.. able s

. Gray (Standard)

T

Elantomerﬁ 55

S -
E 'Obtamzspecmc recommendat. -
from. Fitlira’s: Technical Dep

ment or Customer Serv!ce Repre-

ces” 1000242

‘for irregularity of surface and con-



tingency factors when esumatmg
guantities.

_PERFORMANCE

1

PROPERTIES

Resistance to Hail and Mechanical
Damage

Duetoit's hightensile and elonga-
tion, Futura-Flex 500 has superior
resistance to hall and mechanical
damage. An 18 ounce steel ball
dropped from a height of 20 feet
does not produce surface crack-
ing or rupturing of the coating.
(Twenty mils of coating sprayed
on 2.5 PCF density polyurethane
foam.)

Flexibility

Futura-Flex 500 demonstrates
exceMent flexibility over a range
:of extreme temperatures. Even at
sub-zero temperatures, Futura-
Flex 500 exhibits exceptional
tlexibility as retlected by passing

METHOD

Futura-Flex 500 is designed for
airless or conventional spray
equipment. A brush or roller is
acceptable for touch up.

EQUIPMENT AND MIXING

A) Batch Mix Using Standard Air-
less Equipment

Pump Ratio — 30:1 or greater

Tip Size — .025 to0 .035 inch

Fan Angle — 60° - 80°

Hose Diameter — 3/8 inch
(High pressure hose)

B) Plural Component Application
Using Static Mixing/Standard
Airless Gun

A plural 1:1 ratio proportion-
ing unit, which develops a
minimum spray pressure of
2400-3000 PSI, should be
used. The proportioning pump
should be fed by 2:1 or greater
transfer pumps. Both “A” and
“B" components are pumped
in individual hoses by the pro-
portioning pump to a three
inlet manifold and through an
18 element, 24 inch static

5975

a 180° bend at minus 50°F. .| -, p proxlmato SMpplng Weight
Ponding Water Resistance and Einis

Hydrolytlc Stabllity - FRRS
Futura-Flex 500 is unaffected by
long- term‘lm[nerslon K d
monthay {r‘n’m‘e ion®

Futura-Flex SOOha |
tem perature impact resistance: An
18 ounce steel-ball.dropped from
aheight'of.15 feet'at 0° . (~17.8°"
does.not produce- cracking
rupturlng of- the membrane;-::

ORDERING INFOHMATION

Container Size

10 Gallon Kit —5 Gallon Ralls :
T10 Gallon Klt—55 Gallon D U

" mixer with removable/replace—.
able elements (or equivalent
A standard airless spray gu
with a 15foot whip hose (maxi-. * 1547
mum) should be attached to ?ﬁﬁﬁma TR
the exit of the mixer. A high . R
pressuresolventlineis attach- - : FU(UT&‘F'BX’SW‘S formu'ated to -

ed to the manifold to facilitate . SPray'direétly'withotisthinning or

flushing the whip and gun , heating. Aspraypressureof2800—

when spraying is stopped for 3000 PS‘ and a 60° to 80° wide

more than 15 minutes. The ' -angleispray:tip 7025 to .035 will

solvent pump should be at ~- 'provide: good’atomization and a

least a 10:1 ratio pump. ‘l-‘J“:f‘)fm;)’é?Dpr:‘ed ?PP“CENO“

.. .Using:a:3:6 Inch'overlap to insure

© ;:r':;'eyd Plural Componentl_ ‘an evenly coated ‘surface, walk

4 o “theroof’ma kmg complete passes

A ptlural 1:1 proport»omngﬁ, ,

- _.of:ithe’ roofsudace
unit, which can develpp 2400-".:. 5k :
3000 PSI in heated or un
heated systems, is used. The::;
proportioning pump should be"“'
fed by 2:1 transfer pumps.- The*rj}
material temperature to the
gun should not be-lower than
75°F or greater than : 110°F.-
The spray gun should be-a+
plural component mternal ,,.ym_w_

- e ¥ .o{;a.w-‘.» r?*w\.qx.\- _9 .-

mer's“AB-A" gun.

pngmentedcoatingswithaflat-_-‘\ ¢ (O :
spray pattern and rated at a =" "-‘95°F—3/4 1- 1/21-lours
minimim Drecsitra A€ 20NN.  © 'ea4coe= " s Ara e T 000243



x
. Do no.

oré material than
can be w..ea within the pot life of
the matetiai.

NQTE: Dark hoses on dark roof

surfaces absorb tremendous quan-
tities of heat. Do not leave mixed
material in fluid lines for more
than a few minutes when spraying
is stopped.

THINNING

Donotthinthe"A" or “B" compo-
nentwhen using plural component
application equipment. For premix
applications, thinning is normally
not required, however, a change
of viscosity is possible in opened
containers. For these instances,
use up to 10% No. 50 Urethane
Thinner when necessary.

INTERCOAT SCHEDULE

The recommended recoat sche-
dule for all Futura urethane coat-
ings i5 as follows:

FAST SET URETHANES

{1-15 minute cure)

Recoat the same day or within 24
hours.

MODERATE FAST SET
URETHANES

{1-3 hour curs)

As soon as cured and within 3
days. _

STANDARD CURE

(4-8 hour cure)

As soon as cured and within §
days.

- NOTE: Recoat is based on sunlit
days. Clouds or rain would
lengthen the recoat scheduie pro-
portionally. Coat as soon as
weather permits.

CLEAN-UP
Equipment — For best results,

VA Suy w AL L U

XYLOL and MEK (50/50) or
XYLOL.

STORAGE

Store materials in a dry environ- .
ment or with a minimum tempera-
ture ot 30-40°F and a 'maximum’ =%
temperature of 100°F. The sheif
life of component “A" i3 1/2.- 1
year in unopened containers
which are purged with nitrogen. -
The sheit life of component “B" is
1-2yearsinunopened containers.
Ifthecomponent “A"lsopened it
-~ wid be purged with nitrogen

-1 reseaied or filled into smaller ‘ ._K 8ary:

ntainers to their maximum . gnticn:ng no takeﬂntemauy .
vojumein order to eliminate poly-' , i ))3 ‘Believed T

. D{.s vx‘ yme

LUHLALL VI LS HYWIL OF Spray misl.
Eye Protectlon Safety. giasses,

nates ang onorganic vapors. Con-
snder the applicatlon and environ-
mantal’ roncentrahons in decidmg
. ifaadd nat! protectivermaasures

merization In the can. rit:»,

‘ not*be fataf to h
APPLICATION GUIDELINES {r

i} 00 NOT apply over-w- -ub-"
"trates or when inct. snt”
w-gather is imminent.: SR
‘O NOT apply when the tem-' B
arature is below 45°F or |
greater than 120°F, .

3) CAUTION: Prior to application-
of Futura-Flex 500, the system °
should be purged to eliminate N
all solvent remaining in hoses-
before applying to roof. :

4) DO NOT apply w
adequate airexchangear . _
tilation in- enclosed areasv- e

‘ uth¥a tomach: e. Do
r?ot take Tnternhlly or'swal ow "
Ty ST hisscoating

84£C Vat‘l‘ng ‘con-

‘from heat.
‘explosion

Any individual who may come ln
contact with these products
should read and understand the ..
Material Safety Data Sheet.

WARNING: Contact with skin or utura’s ,
inhalation of vapars may cause an S
allergic reaction. Avoid eye 1

[
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PRODUCT DESCRIPTION

Futura-Flex 550 is a two compo-
nent, fire retardant, aliphatic ure-
thane which exhibits long-term
color and gioss retention. It is a
premium grade elastomeric coat-
ing which is recommended when
an aesthetically appeaiing and an
exceptionaily durable exterior
finish is desired.

Futura-Flex 550 is primarily de-

signed for use over polyurethane
foam as a finish coat but may also
be used over concrate, masonry,
wood and metal‘'substrates where
a flexible, high gloss and color
. retentive coating is required.

FEATURES
Superior Color and Gloss Stabitity

Oue to its aliphatic chemical
structure, Futura-Flex 550 pro-
vides long-term color stability
even after years ot exposure to
weather and ultraviolet attack. In
addition, Futura-Flex 550 has
excellent gloss and resists chalk-
ing, which provides total fiim
integrity throughout the entire
service life.

Super Tough

The high tensile and efongation of
Futqra-FIex 550 provides superior
resistance to mechanical and hail
damage.

Weatherabllity

Futura-Flex 550 has excellent -

resistance against uitraviolet
degradation, extreme tempera
tures, oxidation and all torms ot
water.

Fire Retardance

Futura-Flex 550 has UL790 Class
A approvals over numerous poly-

urethane foams.
High Volume Solids

Futuga-Flex 550 contains more
volume solids than most aliphatic .. .
urethane elastomers which allows' "
excellent build and coverage. This ™~
results in higher application rates,:

reduced labor costs, and high tilm
deposition for optimum film
integrity.

Chemical Resistance - .

Futura-Flex 550 has-éxceilent:
resistance to many dllute“aclds '

alkalis, salts, and solvents.-
Convenlent Mixing Ratio

Formulated in aone to one (1:1):
mixing ratio, Futura-Flex 550 can-
be conveniently sprayed with

piural component equipment.

. TABLE 1: TYPICAL PROPERTIES (WET) .

Property

-

ci

Zt

m:

iTne’ of ‘urethane ba %_ §
,coatmgs ‘and’ butyl rubber. (O (
tain,.spAeclflc recommendations s
PR o . - E
N

Weight (#/gal): = = F
Component A '
Component B

Mixing Ratlo:

Ny

Solids (mixed):

Component 8

by Weight® ASTM D. 1'353' 75%:22". |
by Voiume Calculated 65% 1 . .
Flash Point: Pensky-Martens f -
Closed Cup 85°F
Storage Stability 40°F (- 10°C) to o L
100°F (37.87C Pt
Component A S Ay +-6 monthss:

s
o

. Buyjoos pejidde pinyj
ONINANLE IR QWIS

RER R LA NN R
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TABLE 2: TYPICAL PERFORMANCE PROPERTIES OF CURED MEMBRANE

ey RO

Physical Properties

Test Method

- Tensile
Elongation at 75°F

‘ Tear Resistance
Permeabiiity

Hardness

Accelerated Weathering
Q-UV Accelerated
Weathering Tester

Ultraviolet Resistance
Atlas Carbon Arc Weather-
ometer

EMMAQUA UV Radiation

Water Absorption

Accelerated Heat Aging

Low Temperature
Flexibility

High Temperature

Resistance

Abrasion Resistance

.

ASTM D 412
(DieC @ 20 inches per mln) R
ASTMD 4127 ool
{Die C @ 20 inches per mln)."
ASTM 624
(Die C @ 20 inches per min)_
ASTM E 96 Procedure B~
(@ 20 mils)

ASTM D 2240 Shore A )
ASTM G-53-77 o
Cycting Procedure:
8 hours intense UV @ 160°F;
4 hours condensation
@ 105°F
ASTM D 822
Continuous UV and water
spray cycling

ASTM E 838 :

“lent. appea[anc

langley;ﬁgfgra

: slighte nce.
&l

ASTM D 471 3days @ -
75°F (23.8°C) .

ASTM D 573 30 days @
185°F (85°C)

ASTM D 2136 180° bend
@ -50°F (-45.6°C)

ASTM D 573
Continuous
Intermittent

ASTM C-501
CS - 17 wheel T A
1000 rev. with R T
1000 gram weight 38mgzxz2 =0t J

200°F (933°C) o
225°F.(107.2°C) .- °

from Futura's Technical Service
Department).

Estimating Allowance

Allow 10-20% additional materiai
for irreqularity of surface and
contingencies when estimating
quantities.

PERFORMANCE
PROPERTIES

Resistanceto Hall and Mechanical
Damage

Dueto the high tensile and elonga-
tion of Futura-Flex 550, it has
superior resistance to hail and
mechanical damage. An 18 oz.
steel ball dropped from a height of

Mf’\

20 feet does not produce surface ; dlStl“ed ‘water. at 75°F (23 9°C)

cracking. (20 mils of coating there were. neghglble changes in
sprayed on 2.5 PCF density poly- © ~ physical’ properties:. - ..uv. -
urethane foam.) Coid Temperature Impact
Fiexibility ‘Resistance "t

>
Futura-Fiex 550 demonstrates
exceilent flexibility over a range

of extreme temperatures. it ex-"
hibits exceptional flexibility as.
reflected by passing a 180°: bend3

at minus 50°F (ASTM D 2136). -

Ponding Water .Resistance": and:

Hydrolytic Stabitity

Futura-Flex 550 is unaffected byf
long-term immersion in water."
After six months immersion in -

Futura—FIex»'»SSO has excellent low
{ eslstarice ‘An 18 0z.
pedata. eightof 15’

8).*
(55“gal10n. dl:ums)

B TR
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Approximate weight

10 gallon kit — 122 Ibs.
110 gation kit — 1342 Ibs.

Freight Classification

Paint Compound
NOIBN
Flammable Liquids

FUTURA

v

METHOD

Futura-Flex 530 is designed for
airiess or conventnonal spray
equipment.

' EQUIPMENT AND MIXING

A) Batch Mix Using Standard Air-
less Equipment

Pump Ratio — 30:1 or greater

Tip Size — .020to .030inch

Fan Angie — 60° - 80°

Hose Diameter — 3/8 inch
(high pressure hose)

Plurai Component Application
Using Static Mixing/Standard
Alrless Gun,

A plural 1:1 ratio proportion-
ing unit, which develops a
minimum spray pressure of
2400-3000 PRSI, should be
used. The proportioning pump
shouldbe fed by 2:1 or greater
transter pumps. Both “A" and
“8" components are pumped
in individual hoses by the pro-
portioning pump to a three
intet manifold and through an
18 element, 24 inch static
mixer with removable/replace-
able elements (or equivalent).
A standard airless spray gun
with a 15foot whip hose (maxi-
mum) should be attached to
the exit of the mixer. A high
pressure solventlineis attach-
ed to the manifold to facilitate
flushing the whip and gun
when spraying is stopped for
more than 15 minutes. The
solvent pump should be at
least a 10:1 ratio pump.
Totally Plural Component
Sprayed

A plurai 1:1 proportioning
unit, which can develop 2400-
3000 PS! in heated or un-

ADDITIONAL INFORMATION

‘Chemical Tests
“Specifications
Rooting -

Hot Tanks

Cold Tanks .
Cooiers and Fre

mixing gun designed to spray

pigmented coatings with atiat. -
spray pattern and rated at-a-.-

3000 PSI, such as Glas-Craft's

“Prober” gun- with:posti3
chamber static mixer or. ;
mer's “AB-A" gun.. - "
POTLIFE
55°F — 2% - 5 hours
75°F — 1% - 2¥s hours
95°F — ¥% - 1% hours
115°F — % - ¥ hours
Batch Mixing

Do not mix more matenai than .'

can be used within the pot er of”
the material. e

NOTE: Dark hoses on dark roof -
surfaces absorbtremendousquan- -°
tities of heat. Do not leave mixed:’ -
material in tluid lines for more

than atew minutes when spraying
is stopped. A biack hose on a
black deck may reach 140°F. If
the hose is very long, the coating
will pick up temperature above
ambient, It is advisable if warm
temperatures are anticipated, to
insulate the hoss with Armorflex

heated systems, is used: The-"
proportioning pump should be -
ted by 2:1transfer pumps. The..
material temperature, to -the :
gun should not be lower than-.
%6°F or greater than 110°F...
The spray gun shouid.be a.,-;
piural component ‘internal’

or equivalent. When mixed (cata- -

iyzed) materiai is introduced’into
a hot hose, the pot life will ‘be

significantly reduced. Winter

grades available on speclal
request.

Storage

Store materials in a dry envlron-

ment with a minimum temperature

'\
'Current UL Clask ca‘tfon Lﬁting

Minimum
MaXximum

Lﬂ""f OE\J@

",Mat'érial"' Surface’
45° .. 45°F
10°F " i160°F
'CURE SCHEDULE

The curetlmewmvarydepending
on temperature and humidity. Use
this information as a general

"1'8-24_hrs 4‘days
. 78-8hrs- 3 days
4-6 hrs‘:.-:‘z‘days

Futura-FIex 550 is-fo '“WJQ'?




. % pressur= - 2800-5.00 PS|
and a 60° to 80° wide angle spray
tip 0.020to 0.030 will ~-ovide good

atomizatioh and niformly
appned ap::.‘cation. ing a 3-6
inch overlap to insu -. 1n evenly

coated surface, waik the roof,
making complete passes of the
roof surface. -

CLEAN-UP

Equitment — For best results,
use’ inner No. 50 or a mixture of

XYLOL and MEK (50/50) or

XYLOL is acceptable.

APPLICATION GUIDELINES

1) DO NOT apply over wet sub-
strates or when inclement
weather Is imminent.

2) DO NOT apply when the tem-
perature is below 45°F or
greater than 120°F.

3) CAUTION: Prior to application
of Futura-Flex 550, the system
should be purged to eliminate
all solvent remainir- in hoses
before applying to ¢ .»f.

4)DC NOT apply w~ithout
adequate air exchange and ven-

contaq ef the liquld or spray
- Eye - Protoctlon.. Safety ‘g[asses

C e e e eaws

GENER.".SAFETY, TOXICITY
ARD HEALTH DATA.

Material Satety Data Sheets are
available on this coating material.
Any individual who may come’in
contact with these products.
shouid read'and-underetand th
Material Safety Data Sheet.”

WARNING: Contact ‘with' skfn or
inhalatlonofvaporsmaycausean \
allergic reaction. "Avoic

Higue i, WY VL LGAB el ally.
it is belleved-ingestion of TD!,
MDI or:pol Q\erlcwisocyanates
~-would notib atal: tthmans but

. mouth“ |

splash ,goggles; or? acefshielg_»;lgs ;

recommended.- -
Skin Protectlon. Chemical reslst.,
ant gloves-are- recommended'
Cover as much of the“ex::3ed:”
skin area as posslble wnth & 'pro-
priate clothing. - Co e :

Respiratory Protection: Use a
respirator approved for' isocya-
nates and/ororganicvapors Con-+
sider the application and environ- -
mental concentrations in deciding
if adaitional protective measures
are necessary ,

FUTURA COATINGS. INC. 9200 LATTY AVE. « HAZELWOOD, MO 63042 e [314] 52]-4100;.0

Our datais based on intormation trom iadoratory lests «n.cn are believed to bs accurate b\n all recommendations are made without v-unmy. since the congitions of «
<7 193pONIbHIly & 7 Droduct relative to cOver: ~o. performance nr tmiyiy resuiting from its use. Lisd

Coatings. inc.’s control. We do not 233uma aay tgdite
feplacement of producis.

TWX# 910 760-1 622

EPCARTS Ag.;,,v\ PR L SR
ﬂnbtyoc\drumn
~ adlmited to



ELASTOMERIC
COATING SYSTEMS
FOR |
POLYURETHANE FOAM




Sprayed-in-place urethane foam and elastomeric
coating is rapidly developing into the choice for
modern roofing. it is lightweight, 1009% bonded
to the substrate on application, monolithic and
absolutely seamless. [t is capable of withstanding
severe extremes of cyclic weather and still retains
full functionality. The development of high qual-
ity, long term performance elastomers has made
all of this possible.

Tutura Coatings, Inc. has been deeply involved
. the industry since its inception and has been a
leader in the development ot these performance
elastomers. Futura represents a continuum of a
decade and a half in the formulation dnd sales of
elastomers developed specifically for the protec-
tion of sprayed-in-place urethane foam. Our pro-
duct line is uniquely complete offering an array
of products designed to meet a broad range of
properties that are required in roofing and tank
applications.

ADVANCED TECHNOLQOGY

Modern polymer development
begins with research in well
gquipped laboratories. Out of
the hundreds of evolved for-
mulae, few make 1t past rigor-
ous accelerated test programs.
Those that do, become candi-
dates for inclusion into Futu-
ra's product line and receive
even more extensive testing
and development to insure per-
formance in the field.

We ‘are primary in manufac-
turing of many of the resins
and chemicals used tn our pro-
ducts. This back integration
permits us to develop and
manufacture elastomers with
very precise end properties.
Quality control is stringently
maintained from the beginning
of the resin manufacturing
process through completion of
the end product.

Manufacturing 1s done in a
semi-automated 100,000
square foot facility in St
Louis. Advance planning and
engineering preparation has
permitted portions of the facil-
ity to become fully automated
with computer controlle
production.

000250



5975

URETHANE FOAM AND ELASTOMERIC COATINGS

AN ULTRA MODERN INSULATION AND ROOFING MATERIAL

MONOLITHIC CONSTRUCTION

Futura's elastomeric coating and sprayed-in-
place urethane foam forms a virtually inseparable
composite system from bottom to top and edge to
edge. No seams, joints or layered construction to
transmit water laterally through the system.
Sprayed-in-place foam is closed cell and, there-
fore, resists the transmission of water even from
one cell to the next.

100% SEAMLESS AND BONDED _
Sprayed-in-place toam and elastomeric coatings
are 1009, seamless and because they are applied
imitially as a liquid. they bond tenaciously to the
surface to which they are applied. There are no
seams to let go or glue to tail. They climinate the
1000's of mechanical fasteners that puncture the
deck and protrude through the insulation.

SPRAY APPLIED AND SELF—FLASHING
The spray application of foam and elastomeric
coatings permit the system to be easily and
rapidly applied to extremely complex geometric
shapes. Because it is spray applied as a liquid it
bonds to the substrate. This eliminates all of the
problems associated with mechanical bonding
and flashing. These facts are true of both the
insulation and the weather barrier coating.

EFFICIENT LIGHTWEIGHT SYSTEM
Sprayed-in-place polyurethane foam and elasto-
meric coatings are unsurpassed in insulation
values. Weight and loading of structural
members are critical factors in engineering
desigas. Per square, few materials are capable of
competing with polyurethane foam insulation
and elastomeric coatings for its ultra low weight
factor and high strength.

ELEMENTS IN SELECTING A COATING SYSTEM

Flastomeric coatings are unique in the world of coatings. One of the primary differences is thetr abiliry
1o elongate 10 150% of their original length then return to their initial dimension. They are coatings
designed for long service lives and they must be capable of operating through an exiremelyv wide
latitude of temperatures and environments. Critical operating paramerers are outlined below.

COIMALE

tnportant part o the coating selection bor

Lhe Jocal environment plavs an

exampie. cold, northern chimates segquie a
couting with fow wemperatue tevshibity, sune.
belt arcas may need greater ultraviolet resist-
ance, and ey regions isually requre
coatings with tow permeaibiny,
OPERATING FEMPERATUREN  Lhe
ntertar wemperiature of the structure must he
consudered in relationsiip to the possible eate-
o awmbent temperatures and hoonduy lev-
b5 Uhe mastuse vapor drive is alwans trom
rn o cold and ancreases propotonately
h the ditference o temperature to resst
vapar dove s conlens freezersand covogenie

rvenseds, wse tow permeable coatings

PONDING WATIR

roots where water stands one inch deep over

On tat, or near Hat

TOO squaree leet alter 3% hours, spectal consad-
ot s regrared. Whitde all Fuatura coatungs
have good bl itegrity under ponding water
condittons. we recommend s o Coating
with a peracabiliny dess than one perm. Coat-
wgs with permeabihty greater than one perm,
allow more maostnre transmission anto the
wisubatron, decteasmp che imsalationad value,
and incicasing the sk of the toam blistening,
UL IRANVIONET RESISTANCL

with extensn e ultraviatet expaosare such as the

Regron

sunbelt and high clevation areas, require a
coating that amsures added protection from
ultravialet radation,

ALESTHETICS

as domes sloped roohs and tinks mas necess-

Highhy vable progects sach

Cotate a costige that has excetlent color, gloss

retention, and gowd dit release.

IMPACT RESISTANCE

important consuderation e the auorts of

Lhes s the most

prowets. The severnity ot coof trathic and
mechameal damage. adong wath haill dwrate
the reguirement lor tough coutings lipact
resintance s omherent e coattes with haigh

tensile and clongation propernes

000251



FUTURAS ELASTOMERIC COATINGS

SRl A By L

UR: THAR. 5...1'0? ERROWS COATING TODAY!

Over the last decade great strides have been made
in elastomeric urethane coatings technology. As

a result, better and better materials have made
their way from t-  iboratory to the ficld. The
most apparent r:-c:: is their long term perfor-
mance. Futura Cuongs has long beena leader in
this area. Deve ental emphasis has simul-
taneously progrec along two separate paths.

They are, performance standards of the coatings
and their application properties. Only when both
requisites are addressed can truly lon_ .erm high
performance coatings be attained. Elastomeric
membrane coatings are frequently applied at
thicknesses of 45 mils with 30 to 35 mil films
being the mi: mum .dustry standard for all
generic classes.

COMPARISO?" OF PHYSICAL PROPERTIES TO OTHER ELASTC ME® 3

ULTRA- —] COATINGS SHEET COATINGS SHEET COATINGS SHEET
IGH
TENSILE STRENGTH HiG - -
Tensile strength Is the amount of farce deve-
loped necessary to cavse a permanent bresk or
rupturs of & coating. = _1
ELONGATION HIGH "1 Z
Is the maximum amount of “stretch’ axhibited o)
by tha coating and is measured as a percent of g
its original length st the moment of braak. «;4 _
IMPACT RESISTANCE = g
is tha ability of a material to move suddenly and MODERATE — E v g b=
not rupture or break even though the substrate - '-:.-: { ol ; - = 01
may be totally deformed or destroyed by impact = > [ x = . = = z s
This abitity is a combined function of tensile S S g 3 8 - g S
strength and elongation. = = = S D o 2
ow Al W ARf L LA
L1 1 ,
TENSILE ELONGATION IMPACT
COATINGS . SHEET COATINGS SHEET COATINGS SHEET - ULTRA- MOISTURE YAPOR TRANSMISSION .
M HIGH RESISTANCE .
MVTR is the ability of a material to resist the .
transmission of water in vapor form. This is o JRESS
B a critical factor in keeping the insutation dry. i P
- byt - =
r < S o § [THIGH FLAMMABILITY WITHOUT GRANULES B
: z M |2 &2 OR ROCK BALLAST o
{ -3 - =3 ; 23 All Futura elastomeric coatings systems are P
= « - - rated U.L. 790 Class A" without the require- s
§ F . § E X a = § ment for rocks or granules. s
- O - ! z
o oA |1elES | 2(|E |l g |2 &2 [MODERATE| mepaimaBiLITY T
s uln £ S |= = | " £ = : " -1 Careful selection of elastomeric membrans B
£ 8 £l 1] 1< a =l Z | 2o s materiais can eliminate tax and E
2 z = & «Si< |&2T % sary effort and cost when maintsnance of the s
3 g o | 2 roofing system sventuaily becomes necessary.
é “ s S » L Low Most sprayed-in-place slastomers, with the
n rl D exception of silicone type matarials, are easlly
Ay . intal .
MVTR FLAMMABILITY REPAIRABILITY maintained and repaired

000252
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FUTURA'S FAMILY OF URETHANE COATINGS

Futura’s family of urethane coatings are broken
Into three distinct groups. The basic distinction
between each group is the speed of cure and
solids content of the materials. The properties of
each are outlined below.

STANDARD CURE MATERIALS are
designed with a sufficient pot life to permit appli-
cation with standard airless spray equipment.
Pot life of the various materials will range from
-60 minutes to 2 hours at 75°F. The resultingcure

rate is 4 to 8 hours at temperatures of 75°F to
80° F.

MODERATE CURE MATERIALS are
designed for application through modified plural
component spray equipment. They require a

high pressure plural component proportioner,
plural hoses and a manifold mixer. These mate-
rials are unique in that they are applied with a
standard high pressure airless spray gun. The pot
life of these types of materials are 20-30 minutes.
This results tn a cure rate of | to 3 hours at 75°F
to 80°F.

FAST CURE MATERIALS Futura’s fast
cure urethanes are true elastomers with high ten-
sile strengths but just as important, high elonga-
tion. All materials meet the U.F.C.A. definition
of a-true elastomer. These materials require plu-
ral component spray equipment from the meter-
ing pump to the gun. The pot life of this type of
material is 15to 45 seconds. Thisresultsinacure

rate of 2 to 6 minutes.

ANDARD CURE URETHAN

BASE COAT RECOMMENDED VISICHROME® TENSILE | ELONGATION VOLUMETRIC
NUMBER TYPE | ELASTOMERIC FINISH COLOR (Pst) (PERCENT) U.S. PERM 3aLI0S
500 AROM 500, 550 Desert Tan 1600 * 25 450 25 55 %
522 AROM 501 Gray 1025 * 25 480 * 25 a2 80% * 1

FINISH COAT AECOMMENDED STANDARD TENSILE | ELONGATION VOLUMETRIC
NUMBER TYPE |  BASE MEMBRANE COLOA (PSI) (PERCENT) U.S. PERM souios
500 FIN AROM | Any Urethane Base Gray 1600 * 25 450 £ 25 65 2% X1
501 AROM 522 Metallic Gray | 700%25 215425 45 65% % 1
550 ALIP | Any Urethane Base White 2710 £ 50 275+ 25 48 65% * 1

- MODERATE CURE URETHANES

BASE COAT RECOMMENDED VISICHROME» TENSILE ELONGATION VOLUMETRIC
NUMBER TYPE | ELASTOMERIC FINISH COLOR (PSH) (PERGENT) U.S. PERM sotios
524 AROM Any Urethane Beige 1450 £ 50 350225 66 85% X1

Finish

FINISH COAT RECOMMENDED STANDARD TENSILE ELONGATION YOLUMETRIC
NUMBER TYPE BASE MEMBRANE COLOR {PSt) {PERCENT) U.S. PERM soLios
524 FIN AROM 5000, 524, 500 Gray 1600 * 50 300*25 66 85% + 1
5550 ALIP Any Urethane Base White 1800 * 50 38025 .56 85% %1

BASE COAT RECOMMENDED YISICHROME® TENSILE ELONGATION VOLUMETRIC
NUMBER TYPE | ELASTOMERIC FINISH COLOR (PSI)} (PERCENT) U.S. PERM soLins
5000 AROM 500, 524 Brown 2250 35025 61 100%
550. 5550 -
5097 AROM '500.524, Med. Gray 3450 175125 B1 100%
550, 5550

Is a special bi-color spray check designed specitically to tell
you when your pump/meter system is maltunctioning or
when there is an inadequate level of mixing occurring atthe
gun. The telltale indicator is evidenced when color favors
the color of the "A” component or the "B” component.

. VISICHROME“'
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CRYLIC ELASTOMERS

Futura Coatings manufactures two acrylic elastomeric mem-

brane systems. They offer the applicator the convenience of
single package material with the ease of clean up of a water ba
system. They can be an excellent choice of materials whe

weather is moderate and not susceptible to extremes and where
surfaces are well drained.

TENSILE | ELONGATION YOLUMETRIC
SYSTEM NO.| NO. OF COATS | (PSI) | (PERCENT) | U.S.PERMS | sSoLIDS
440/442 1 EACH 00X25] 290X 10 2.8 80%
444 2 175X225] 275X 10 14 65%

BUTYL ELASTOMERS

Butyl rubber based elastomers are unsurpassed in their resistance
.0 moisture vapor permeation. They are used as a base membrane
in thicknesses from 30 to 60 mils to resist severe vapor drives
encountered in cryogenic tanks and freezer/cooler applications.
Butyls are generally overcoated with urethane firish membranes
or urethane systems to achieve greater resistance to mechanical

damage and impact.

SYSTEM NO.| NO. OF COATS

TENSILE
(PSH)

ELONGATION

(PERCENT)

U.S. PERM

YOLUMETRIC
SoLIDS

BO1ORBOIFY  10R2

375 + 25

180125

g2

60%

’

Elasto-Bond 875 System is based on a proprictary svnthetic
rubber compound. 1t is a single package elasticized material that
has a number of outstanding properties. It is an extremely low
permeance material with er _llent U.V.

000254

ELASTO-BOND SYNTHETIC RUBBER SYSTE
TENSILE | ELONGATIUN VOLUMETRIC
SYSTEM NO.|NG. OF COATS | (PSI* | (PERCENT) | U.S.PSRM | soLiDS
878 2 800 % 5] 550%25 11 40%



HYPALON ELASTOMERS

Hypalon elastomers provide several special properties occasion-
ally desired by designers. They have extremely low moisture
vapor transmission rates and, as a result, are frequently used as a
finish coat elastomer in conjunction with butyl rubber. They also
exhibit the best overall fire performance and are used alone as a
membrane system when flammability is an overriding
consideration.

ELASTO-BOND HYPALON SYSTEM

TENSILE | ELONGATION VOLUMETRIC
SYSTEM NO.|NO. OF COATS | (P81 (PERCENT] | U.S. PERM- s0LIDS
850 1704 800t25 250*25 13 30%

PRIMERS

Although urethane foams exhibit a high order of adhesion 1o most materials, they benefit greatly
when applied over substrate oriented primers. bonding agents, or corrosion resistant primers.

EPOXO-BOND 300 (metal primer)—is a chemically set polyamide-epoxy primer with balanced
inhibiting pigments for maximum corrosion protection over steel surfaces. It bonds tenaciously to
either steel or concrete surfaces and is supplied in a one to one mixing ratio. It is an excellent primer
for most spray urethane coatings as well as urethane foam.

EPOXO-BOND 307 (concrete and masonry primer)—is a catalyzed clear penetrating sealer for
concrete, masonry, and wood surfaces. It may be used alone, or in combination with other Futura
coatings. It has excellent adhesion and chemical resistance which makes itanideal primerorsealer
for factories, warehouses, and food processing plants.

FUTURA-BOND 502 (general primer) —is a catalyzed urethane penetrating primer that adheres to
steel, concrete and masonry surfaces. wood, glass. and old built-up roofs. It ties up any loose
materials, blocks moisture from the substrate. and provides for maximum adhesion of urethane
foam. This primer is an ideal material when eramng previously coated and/or degraded urethane
foam.

FUTURA-BOND 702 (non-ferrous primer) -is a two component equal volume mix wash primer
which gives outstanding adhesion and anti-corrosive properties over smooth or sandblasted steel
and non-ferrous surfaces. It is compatible with most generic finishes which enhances the corrosion
protection of the total system.

SPECIFYING AND ENGINEERING

To obtain additional information on the use and design of sprayed-in-place polvurethane foam
insulation and clastomeric weather barrier membranes, call or write us today. Futura Coatings. Inc.
also offers at no costa roof energy survey for butlding owners and operators. To avail voursell of this
service, contact your nearest Futura Coatings representative.

The following programs and data are also available:

o Technical Bulletins on Lach Product ® Technical Specifications ® Plural Component \/nm

Application Guide ® Product Warranty Program

OTHER SPECIALTY ELASTOMERIC COATING SYSTEMS

In addition to the coatings outiined in this brochure, Futura Coatings manufactures a full
line of elastomeric coatings for architectural waterproofing applications, waterproofing
and wear abrasion resistance on tratfic and pedestrian decks. Should you wish intormation
on either of these systems, please contact us requestlng information on your area of

interest. 000250
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. FROM WHERE YOU ARE CORPORATE OFFICES & PLANT:

,r = e 9200 Latty Avenue
°
) St. Louis, Missouri 63042
C-mam'.‘ o ool (3'4) 52"4'“)
‘% NGy TWX 950-760-1622
"\ ) / REGIONAL and SALES OFFICES:
& Cabforma. Sacramento, 6576 Pacheco Was, 1916) 7231111

Georgia, Adana. 2622 Paces View, Unit 1L (304) 4362808
Michigan. Monroe. 20 £ 6th Street (313) 243.6456
Missoun, Hazelwood, 9200 Lainy Avenue, (314) S21-4100
New York, Fairport. 66 Clarkes Crosing, (716) 223.2472
Onwano (Canada). Brantford, 32 Dante Crescent. (S19) 7591030

Texas. Spring. 4715 Towermont Lane, (7131 353-631'S
West Virgima, Charleston. 218% Oak Ridge Drive, (304) 144.4611

DISTRIBUTORS T obtan the name and

Morthwedt I\ location 4 vour nearest distnbutor or Futura yuahfied

e - . . .
Regiony Appheator, call Futura ( oatings corporate office, or vour
. ) :

nearest regional office

hcroﬁ‘uim;
. Dupont. Corp :
< Agrica-" R '.ixn... .
% Sccident: IC..., g Ashiznd Qi
“ Marathon bnl;._. S US. Industrial Chei
- Apex 0il - T tear Sieglars:
-_Oklahom'l St.xtc Umv ersity - U.S. Havy:
' St. Louis:Zoo:*
Chrysier.Corp

. Mnryl:md
- - Monroe::Biv. of Tpnnecn KD
" . U.S. Air Force: - Amoco:-.
Tonka Toyse o oxs v, GATX".
- Texas A&M. Umvcrsnty" 'BntlshuPctrolcum [C:m.!da)
McDonnell Douglas (:orp. ~z B.F. (‘oodnch
i3 U.SC Postal Service ap.G.
- Gallo Wineries
“Westinghouse
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Fage :
File
Saved:

i #xkxns MICROSHIELD 2.02 #¥%x*x

1 of 2 File Ret: ____ _
K6SSLDBO. DUT : Date: ___/ _
10:51: 3532 Bv: - _
O8-12-1987

Checked:

WA R CASE TITLE EX X 2 2L
DOSE RATE AT 81 cm AEOVE SHIELD WITH 1404.2 Ci of

Ra
###k%%% GEOMETRY (centimeters) **x##*
CYLINDER — VIEW FROM END.........e...5SLAR
l.ocating dimensians Source dimensions _ Shields
¥ = 10G5.8 radius = 1220 (2 = Z04.8
length = 609.4 {2y = 10.2
Integration parameters tid4y = 81.,20001

radial inecrement = T0.48

lateral intervals = 11
Saurce volume {(cubic centimeters) = 2.850E+0GS

Material

AL
Concrete

*%x%%%% SHIELD MATERIAL DENSITIES

(g/cc) kxxExEEF
(Buildup is

based on the properties of shield I.}

Source Shield 2 Shield 3 Shield 4

0.00129 O, 00129
1.600 » 2,200 ‘
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###%5% MICROSHIELD 2.00 #%%x%x .
Fage 2 oFf 2 File Ref: _
Fila FO&SSLDGO. QUT
Saved: 10:51:;37
08--12-1987
Xu%%%k% CASE TITLE  *%¥%%%%*

DOSE RATE AT 81 cm ABOVE SHIELD WITH 1404.2 Ci of Ra

*##x%%%  SOURCE STRENGTH  #%%%k%%
Isotope Activity (Curies)
Bi 214 1.2B6E+0OZ
Fh 210 1.286E+0Z
Fb 214 1.3B6E+OT
o 214 1.286E+0T
Ra Z26 1.404E+0Z
R 222 1. 367E+0T
Th 270 1. F00E+00
i 274 1. 700E+00

* X X+ A RESIILTS A e W

Fhoton group Activity Dose point flux Daose rats
energy (MEV) (photons/sec) (MEV/=sq cm/sec! (R/tr)
G100 - 0020 1.845E+12 1.976E+01 I.A41SE-OS
G.20 - 0,30 1.236E+172 & 52202 1.278E-03
0,30 - 0.40 1.848E+13 2.5668E+0T S.497E-0Z
G.40 - 0.53 SETIZERLZ 3.987E+0GT 8.174E-04
0.38 - 0.75 2.279E+1Z 7.18IE+0E 1. A94E-GZ
0.73 - 0.90 4. 260E+12 1.85S9E+0S IL71RE-OI
.90 - 1.10 1.640E+12 1.130E+G3 2.219E-07
1.10 - 1,325 1.179E+173 1.004E+04 1.847E-G2
1.25 = 1.40 S.434E+12 H.IET7EFOE 1. 11SE-G2
1.&60 - 1.80 Q.71+ 1.454E+04 2L4BAE-GE
1.80 ~ 2,00 1.Z84E+12 2.839E+0F 4 07
2,00 D020 1.ATO0E+1Y 2.916E+0T 4.
2,20 - 2.40 2.bb6E+LL 7LO18E+QR 1
2,40 - 2,60 8.202E+11 2.9 V1EROT =
2,60 - 2.80
2.80 -  IE,20
I.20 - 4,00
4,00 - 5. 00
D.00 -~ &H. 00

&
7.

OO -

20 -

7.20
10,00
Tatals:

F.H04E+1E

H.O1IZE+04

1. GO70E-C1

000259
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=

Fage : 1 of 2 : ' File Ref:

File : K&SYOIDO.OUT Date: ___::7‘:

Saved: 11:0Z2:11 By:
: 08-12-1987

Checked: ____
#¥%%%% (CASE TITLE ##%%#%
DOSERATE AT Q0 cm ABOVE SHIELD WI™- Z7.4 Ci Rn &% S0% EQUIL.

*¥kkE%  GEOMETRY (centimeters) #*#%%%%

CYLINDER - VIEW FROM END..oeeeeenenan SLAE
Locating dimensions Source dimensions Shields
X = 40468.4 radiug = 220 2y o= 1
length = Z04.@ Lty = 1o.z2
Integration parameters b4y = Q0,I99%5

radial increment = T0.48
lateral intervals = 11

Source volume cubic centimeters) = 1.425E+09

*#xx#%%  GHIELD MATERIAL DENSITIEZ (g/cc) *#%¥¥¥
(Buildup is based on the propert:: s of -aield 3.7

W

Material Sowrce Shield 2 Shield 7 Shield 4

Alr O.O01ED 0.00129 G.O0179 ‘
Concrete 24300

000260



#%x%k6% MICROSHIELD 2.02 *%#%%%

Fage : 2 of 2 : File Ref: ___ . ___
File @ K&4SVDIDG. OUT '
S-E\‘/F-‘

=T - N R W B

g1 21987

¥ % ¥ X

DOSERATE AT 90 om ABOVE

R P e e
Isotope
Bi 214
Flo 210
Fo 214
Foo 214

ey

R 20

Activity
1.870E+01
1.870E+01
1.870E+01
1.870EZ4+01
2. T780E+T

# ¥R

Fhoton agroup Activity

enerqgy (MEWV) (photons/sec)
0.10 - G,.20
O.20 —  O.350 1.667E+11
0,30 - 0.40 2.421E+11
G.40 - G.55 2.17ZE+1G
D.55 - 0,75 . TL07SE+L
O.75 0. 90 S.750E+1O
O.90 - 1,10 2. 214E+10
1.1 - 1,38 1.9921E+11
1.35 - 1.60 7 II4E+10O
1.60 - 1.8B0O 1.322E+11
1.80 - 2,00 1.848E+10
2,00 - 2,20 1.6LIE+LG
2.20 - 2,40 ILI398E+10
2.40 2.60 1.107E+10
.60 - 2,80
2.80 -  Z.20
TLR20 0 - 4 .00
4,00 00
.00 L. 00

OO0 - 7.0

20 - 10,00

~ o

Totals: 1.272E+1 2

CASE
SHIELD WITH Z7.4 Ci Rn

SOURCE

TITLE *%*%xx¥%

STRENGTH  #%*xxxx*
(Curies)
RESULTS #*#%%%#%%

Dose poinmt flusx
(MEV/sq cm/sec)

6.438E+G2
. SBSE+OT
. B44E+O2
 7OBE+QT
LHSTEFGT
482E+02
«147E+0Z
858E+07
LDOT7T7E+O4L
L PTLEAHOQS
QRE+OZ
CSRZE+OT

L OB7E+OT

Lol = Tl = € U BN S Bl o0 I 28 |

4. &673E+04

0% EQUIL.

Doge rate
(R/7Hr)

1.262E-0Z
CELE2SE-OT
7.842E-C4
1.3298E~-07
Z.E14E-03
1.230E-0F
1.49E-G2
8.9951E-07
1.841E-G2
D.R2086E-0T
Z.0R&E-OT
7TLOETE-OT

2. 412E-07

Q00261
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R SRR ##x*k4% MICROSHIELD %.0T7 **%%xx
Fage : 1 of 2 File Ref: _ __ -
File : K6SELASO.OUT . ‘ Date: 4 N
Saved: 11:73%:00 Bywi y

03-12-19867 Checked:

*xx%%%® CASE TITLE s%%%x*
DOSERATE AT 81 om ABOVE THE SHIELD WITH ELASTOMER IN FLACE

*x%k%% GEOMETRY (centimeters) ##%*x%

CYLINDER — VIEW FROM END.uvu e enauwens SLLAR
Locating dimensions Source dimensions Shields
Y= 1005.8 radius = 1220 tidy = 5.1
length = &O9.4 LIy = 2997
Integraticon parameters t{4) = 10,2
radial irncrement = 0,43 (%) = 81.20001
lateral intervals = 11
Souwrce volume (cubic centimeters) =  2.850E+09
#xx#%%x SHIELD MATERIAL DENSITIES (g/cc)  #%¥x%x
(Buildup is hased on the properties of shield 4.)
Matérial Source Shield & Shield 7 Shield 4 Shieid %
Water 071500 o
Air G.O0129 000129

Concrete 1.600 2.300

000262



*Hktkt MICROSHIELD 2,02 #%x#xx

5975

Fage Fila Ref:
File
Saved:

EE CASE TITLE H WA
DOSERATE AT 81 om ABDVE THE SHIELD WITH ELASTOMER IN FLACE

*#¥%x%  SOURCE STRENGTH  *###%x
lsotope Activity (Curies)
Bi Z14 1. 286E+GT
o 210 1.386E+07
Fb 214 1. 386E+OT
~a 1.3286E+07F
Fa 1.404E+07
R 1.367E+GT
Th 1. 900OE+00
1.SGO0OE+QO

: *x%%x%®x  RESULTS #%%x%%
Fhoton group Afoctivity Dose point {lux Dose rate

enerqgy (MEV) (photons/sec) (MEV/sq cm/sec) (R/kr)
O.1G - 0,20 1.845E+12 . SO8E+01 2L O2TE-05
O 2C¢ —  O.ZD EDO6EFRLE L SOTE+GE G.4Z0E-24
0.30 - 0,40 .845E+1Z B43E+0T I.807E-0X
D.A40 - 0,355 LOT7IE+LZ 868BE+OZ CBE1E-G4
0,35 - 0,73 L279E+1T 4654E+QT A1ET7E-OZ
G.75 - 0.90 . 260E+12 CA2BE+OT «BST7E-0OT
.90 - .10 640E+12 FRAE+O2 CTIEE-OZ
10 - 5 179E+173 OO8BE+0OZ . 4736 -
4T4E+12 «ROETEFOT

1

1.25
S -1

1 LFLE+LD . 194E+04

MO OD=LU{te b

CHG - . 30

iR S0 e e B e (R

O3 = 0 U~ = PR

SED - 2,00 «IE4E+1R 2LEEB4E40T z
OG- 3 BN S Z.455E+0OT I
L20 = 2040 L LLLE+LD SLPOIE+OT 7.
LAD - 2460 W SOEERTL ZL1R2T7E+OT RN
R L 2 18]

.80 - EZ,Z20
IL20 - 4,00

S A R

4,00 —~ 5,00
S.00G ~ 4,00
OO0 - TR0

~N O

2D - 10,00

Totals: F.HO4E+L A 4.840E+04

SE-OT

2,574

000263



Fage : 1 of 2 File Ref: ___“_.____
File @ KSIRIGLIO.OUT Date: 7

*xxadr MICROSHIELD 2.02 *aex¥x

Saved: 11:44: 3273 By

: 08-12-1787 Checked:  ____

. *xk%%% CASE  TITLE  #%#%x%%%
DQ:. CATE AT 81 cm ABOVE SHIELD WITH 2° RIGID IN FLACE

*%x%x¥x% BEOMETRY (centimeters) #%%***x%

CYLINDER - VIEW FROM END.

..... B = I AY =
Locating dimensiaons Source dimensions Shields
X = 100%,.8 radius = 1220 t(Z)y = 9.1
length = 6&09.6 LI = 4H0,.7&
Integration parameters t(4) = 27T8.7
.radial increment = 30,48 t(Ey = 10,2
lateral intervals = 11 t{(&)y = B1,237¢¢
Source volume (cubic centimeters) = 2.BS0OE+G9
##%#%%  SHIELD MATERIAL DE! "ITIES (g/cc: RS B
(Buildup is based on the pr.perties of shiel-. 5.
Material Source Shield 2 Shield 7 Ghield 4 Shield S ‘
Water Q.71500 .
Air 0.03180 0.00129 0,001
Concrete 1.4600

2,300

000264
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#x4xk4 MICROSHIELD 2,02 ***xxx
2 of 2
FESRIGIG.
1124423
OB-12-1987

Fage File Ref:
File :

Saved:

ouT

*%%k%%% (CASE TITLE s#*x%xx%»
DOSE RATE AT 81 cm AROVE SHIELD WITH 2

#%%%%%  SOURCE STRENGTH #***x%%
Isotope Activity (Curies)
Bi 214 1.3B6E+0OT
Fh 210 1.386E+03
Fb 214 1.3286E+07
Fo 214 1.3286E+0T
Ra 1. 404E-+O7
~n 1. 367E+07
Th 1. QO0E+0OC
1) 1. Q00E+00

%% k%%%t RESULTS *%¥%**x%

Fhotorn graoup Activity Dose point flux Do
energy (MEV) (photons/sec) (MEV/sg cm/sec)
Q.10 —- 0,20 1.845E+12 F.HETIE+OO 1
O.20 — 0030 1.236E+173 Z.3534E4+072 .
Q.30 - 0,40 -1.845E+12 1.5&60E+0T =
0,40 -  0.55 1.573E+12 2.4462E+02 =
D.35 - 0,75 2.279E+13 4.721E+03 7
0.7%9 — 0.90 4., 260E+12 1.2655+D’ Z.
Q.20 -  1.10 1.540E+12 LQZT7E+OD 1
1.10 - 1.325 1.179E+1% ﬂ.:l:E+Uu i
1.29 - 1.40 L.4T4E+LD 4.784E+07 g.
1.60 - 1.80 G.791E+1T 1.0F1E+G4 i
1.80 —  2.00 1.384E+12 2. 14H0E+OT I
2.00 2,20 1.2Z20E+12 2. 244E+07 Iz
2.20 = 2,40 2.Hb6E+12 CASSEAOT G
2.40 - 2,60 8.202E+11 1.972E+0T z
Seh0 - 2,80
2.80 Da 20
2020 4,00
4,00 -~ 5. 00
.00 - &L 00
AL, DO 7.20
TR0 - 1u.uu

~J

Totals: Q.604E+13 4. Z69E+04

000265

"

r@>

RIGID IN FLACE

se rate

RAhrs
«EHBE-GE

QELE-C4

. —

CP1TE-GT
LOZRE-04

LB8R1E-OT

SEL0E-0OZ

.SA9E-0T

TRT7E-OD

.l

420E-07
’W/F—fS
T24E-002



*##%A¥¥* MICROSHIELD 2,02 *x%%¥%x

Fage : 1 of 2 File Ret: _‘,_.___A
File @ FE&6IFLEXC.QUT Date: ___/ s

Saved: 11:58:27 By:
08-12-1987 Chechked:

, *#**** CASE TITLE  #%*®%%#*
DOSE RATE AT 81 cm ARBOVE 8SH™ [_ " WITH &' FLEX IN FLACE

*¥%%%% GEOMETRY (centimeters) #**xkxxx

CYLINDER - VIEW FROM END.....cvauuan. SLAEB
Locating dimensions Source dimensions Shields
X = 100%.8 radius = 1220 L2y = Sl
length = &092.6 t(Z) = 147,34
Intec: ztion parameters L4y = 5%.32
radial increment = Z0.48 t(S) = 10.Z2
lateral intervals = 11 t(s) = 81.24008

Sourne volume (cubic centimeters) = 2.850E+09

*k¥%¥®  SHIELD ATERIAL DENSITIES {g/cc) * 3K *
{(Buildup is based on the propertizss of shield S.)

Material Source Shield 2 Shield Z Shield 4 Shield 5 Sasc]c
Water ' Q. 71500

Air 0085560 O.00129 O, 001
Concrete 1.600 2,300

000<Ls



*#%%%%% MICROSHIELD

D

e

O #x%x%%

Fage : 2 of 2 File Ref: _
File @ K&SFLEXG.QUT
Saved: 11:58:27 '
: 08-12~-19837
3 K A WX CASE TITLE e H .
DOSE RATE AT 81 cm AROVE SHIELD WITH &° FLEX IN FLLACE
*¥kx%%%  SOURCE STRENGTH  **xxxx ’
Isotope Activity (Curies)
Bi 214 1.3286E+07=
Fb 210 1.3286E+03
Fb Z14 1.286E+0T
Fo 214 1. Z86E+07T
Ra 206 1.4G4E+GT
& 1. 367E+GT2
Y 1.Q00E+00
1.9C0OE+G0
*¥it%¥% RESULTS ##x#%%

Fhoton group AGctivity Dose point flux Dose rate
energy (MEV) (photons/sec) - (MEV/sq cm/sec) (R/hr
O0.10 - 0,20 1.84%E+12 2.44TE+00 4,2216E-0&
0,20 - 0,20 1.226E+172 1.101E+02 2.158E-04
0.20 - Q.40 1.845E+1Z . 4F2E+02 1.121E-43
0.40 -  G.55 1.57ZE+12 ?.598E+01 1.958BE-04
0.55 - 0,73 2.279E+13 1.920E+0Z F.99TE-OZ
0.73 ~ 0.90 4.260E+1Z 5.999E+02 1.200E-0Z
0.920 -~ 1.10 1.640E+172 E.P90E+02 7.701E-04
1.10 - 1,325 1.179E+17Z I.789E+07Z 6.972E--0OZ
1.35 - 1.60 S.4T4E+12 2.649E+07 4, H62E-D3
1.6G - 1,80 P.7R1E+12 6. Z6EBEFOT 1.072E-GZ
1.80 — 2,00 1.284E+12 1.274E+0% 2. 118E-07
2.00 - 2.20 1.2Z0E+12 1.396E+07 201 7OE-GT
2.20 - 2040 2.666E+12 3.3TT7E+OD S.170E-07%
2.40 ~  2.60 8.202E+11 1.32Z9E+0% 1.883E--03
2.60 - 2,80
.80 - D20
.20 4,00
4,00 — 5.00
SL00 - b5.00
600 — 720

20 - 10,00

Totals: P.HOL4E+1TE

2.361E+04 LAR20E-GZ

000267



o %{g; *#¥wxd MICROSHIELD Z.0L ##%%%%x

Page @ 1 of 2

L 4

File Ref: ___ _—
File : E&SFULLO.OUT Date: - 7/ o
Qaved: 1b6:19:48 Eyv:
T O8—-12-1 87

Checkeds

EX XL X CASE TITLE} EE XX T
DOSE RATE AT 81 cm ABOQVE SHIELD WITH ALl FGAM InN FLACE

r#ex¥%  GEOMETRY (centimeters) #&+ksdw

CYLINDER -~ WVIEW FROM END

l.ocating dimensions

Source dimensions
X = 1005.8

Shields

8 radiue = 1220 {2y = 5.1
length =  &HO0P.4 O3 o= 299,77
Integration parameters tig4ry = 10,2
radial increment = 20,48 T3y = 81,200

lateral intervals = 11

Source volume (cubic centimeters) = 2.8%0E+09
*xx%%% SHIELD MATERIAL DENSITIES (g/cc) LS L L

(Buildup i3 based on the properties of shield 4.)
Material Source Shield & Shield = EShield 4

Shield S

Water O. 71300
Bir ' 0.057320 0. 0017 ‘
Concrete 1.600

D.TO0

000268



0975

*#A&Axx¥® MICROGHIELD Z.02 *%*xx%
Fage 3 2 of 2 F1l= Ref:
File @ H&ESFULLO.OUT
BSaved: 14£:19:482
: 08-12-1987

EE ST E CASE TITLE TSR
DOSE RATE AT 81 cm ABOVE SHIELD WITH ALL FOAM I FLACE
*x*k%% , SOGURCE STRENGTH
Grfivify (Curies)
TELEE+OTE
30[40“
LEH+OT
SBEEAGE
 AO4E DT
ZHTE+OE
SQOOE DO
QOCE D)

# w5

1.
1
1
1.
1.
1.
1.
1.

* R
Rctiwvity
{photons/sec?

RESULTE  *#*#%*%%
Dose point flux
(MEV/sq cm/sec?

Dose rate
(R/hr)

Fhoton group
energy (MEV)

0. 10 0. 20 1.845E+12 . SOBE+00 LT7H1E-Ok
0. 20 .30 1. 2TEE+1T 7. 6LTE+OL 1.SOZE-04
0. 30 0. 40 1. B4SE+13 T.97SE+02 8. 189E-04
0. 80 0.5%5 1.574E+12 7. 171E+01 1.46TE-04
0.5 0.75 2.27FE+1T 1.4S4E+03 I.0R4E-0T
0.7 - "0.90 4.262E+12 4. 76SE+0DZ 7. ST1E-04
0.90 L10 1.641E+12 T.216E+02 5. 207E-04
.10 1.35 1.179E+13 Z. 10BE+03 S.718E-GT
35 1.60 5. 4T6E+12 2. 20BE+03 T.884E-GT
. B0 1.80 9. 7FSE+17 5. 2BSE+OT 7.0T7E-OT
0 2. 00 1. 3QSE+132 1. 08TE+OT 798F—:?
.00 2 1 E+iz CLH1IE+GT . 073

N ISR S W S I IS

oy
ot

40

ST SR ALY NS R O O 05 O o0 N0 S I

. B0 8
.80 iy
.20 0O
.00 00
.00 ey
. 00 20
720 10, Q0

“Totals:

2 hATE+LD
8.203E+11

Q.H06E+1LT

LBLE+OTE
LO74E 407

- ) e

1.961E+04

1.
1.85
4, 4=“£—Wf
1.6

HIZE~-0T

IL.410E~02

000269



#x%% %% MICROSHIELD Z.02 ##%xx#

Fage : 1 of 2 ' File Ret: ____

File @ K4SREGRQO.OUT Date: ___/__

Saved: 11:22:29 By:e _
: OR-19-1987 Checked:

*HKRKE%® [CASE TITLE  #*#%*%%
DOSE RATE AT B8lcm FROM REGROWTH ONLLY

*#kk%%  GEOMETRY (centimeters) **x#*%tsx

CYLINDER - VIEW FROM END. ..o v e v e, SLAR
Locating dimensions Source dimensions Shields
X = I97.2 radius = 1220 L2 = 9.1
length = 1 Iy = 299.7
Integration parameters T4y = 10,2
radial increment = .1 Lo = 81.2
lateral intervale = 11
Source volume (cubic centimeters) = 4.&676E+06

##xx44 SHIELLD MATERIAL DENSITIES (g/cc) ##*xax*
(Buildup is based on the properties of shield 4.}

Material Source Shield 2 Shield = Shield 4 Ghield S
Water 0.,71300

Al 0.05720 S 0L00129
Concrete 1.600 2.3200 .

000270 ‘




Fage :
File :
Saved:

Isotope
BRi 214
Fb 214
Fo 214

Fhotan
energy
1 (') —
U,:U -
e =0 —
(j‘; 40 -
0.35 -
0.79 —
O.90 —
1.10 -
1.35 -
1.60 -
1.80 ~
2 DD -

2.40 -
.60 -
2.80 -

.20

4,00 -
F.00 -
H,oOO0 —

7. 20

ot 2
H&SREGRO. QUT

: 2029

11:22:2

0g8-19-1987

graup
(MEV)

.20
0,230
O.40
0.S5
Q.73
0,90
1.10
1.35
1.60
1.80
2. 00
2.20

. 40
2.60
2.80

T.20

4 L OO0
5. 00
&, OO0
7.20

10.00

Totals:

%% %% MICROSHIELD 2.02 ******'

¥ 3% 3 3 3 H

_ CASE
DOSE RATE AT 2lcm FROM REGROWTH ONLY

Fila Ref:

TITLE ##%%x*%

##xx%% SOURCE STREMGTH  **xst%x*
Activity (Curies)
I.740E+01
I.740E+01
I.740E+01
*REE®  RESULTS ##*xxx4

Activity
{photons/sec)

T.335E+LL
4.982E+11
4.1S1E+10
4, 151E+11
1.150E+11
4.428E+10
3.183E+11
1 4467E+11

.643E+11
3.7 GE+10Q
T.321E+10
7.196E+10
2.214E+10

2.9541E+12

Dose point flux

{(MEV/sqg cm/sec)

. 24ZE+OZ

b 412E+02
1.111E+02
2.295E+0Z
-7 278E+02
4.373E+02
4.I64E+0QT
I8E+O3
6.BOOE+OT
L 1.276E+03
1.3228E+03
T.261E+0Q3
1.169E+07Z

Z.549E+04

Dose rate
(R/hr)

2.8436E-0Q4
1.2321E-OQT
2. 267E~-D4
4,774E-Q7Z
1.456E-0T
3.830E-04
8.02FE~0Z
S.171E-0Z
1.163E-0Q2
2.118E-07
2.125E-07Z
S.022E-0Q2

1.777E-03

4.477E-0Z
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9975

INTERNATIONAL
TECHNOLOGY
CORPORATION

October 19, 1987

Joe Grumski

Westinghouse Materials Company
P. 0. Box 398704

Cincinnati, Ohio 45239

Dear Joe:

This letter is confirmation of some responses to questions which were
handled by telephone during the past few days.

You asked about the advisability of moving the damper valves from the
inlets to the outlets of the carbon and Drierite beds. I checked with
Ken Atwood on this matter and he confirmed that the inlet position had
been specified as a matter of conventional engineer1ng practice, but for
the K-65 application there should be no problem in locat1ng them at the
outlets.

The other inquiry was concerned with a requested decrease in size of plastic
pipe within the filter house from 12 inch to 6 inch size. The path from

the exit of the CaS0O4 beds through the carbon beds to the entrance of

the fan was calculated using a configuration leading to the greatest probable
pressure drop. The configuration required determinations for the following
segments:

1. 13 ft. of 6 inch piping with 500 cfm
2. 36 ft. of 6 inch piping with 1000 cfm
3. 3 ells of 6 inch ID with 500 cfm

4. 4 ells of 6 inch ID with 1000 cfm

The approximate total pressure drop is represented by the sum of the above,
and is just under 1 inch of water (0.82 in. a calculated). Perry's Chemical
Engineer's Handbook, Section 5, was used to obtain the appropriate equations
and graphs for this task.

I hope your current work on the project is progressing well and can keep
ahead of the early winter weather.

Best regards.

:DW(HW

Dr. David E. Harmer
Manager of Applied Technology

DEH/1t

cc: Brian Frederick

Regional Otfice 000273

312 Directors Drive « Knoxville, Tennessee 37923 « 515-690-3211



INTERNATIONAL
TECHNOLOGY

CORPORATION | - '

October 8, 1987

Joe Grumski

Westinghouse Materials Company
P. 0. Box 398704 ,
Cincinnati, Ohio 45239

Dear Joe:

In the course of the review being done by ASI, a few typographic errors

have been turned up. These were the result of a change in drawing numbering
systems which occurred when we sent our rough copies to the drafting group.
To correct these, I am enclosing "Rev. 1" pages which should be used to
replace those pages in your copies of the report which bear the same number.
Please discard the old pages.

Best regards,

Dr. David E. Harmer

Manager of Applied Technology
DEH/T1t

Enclosure

cc: Bryan Frederick

000274 .

Regional Office
312 Directors Drive «Knoxville, Tennessee 37923 «615-690-3211



9975

SPECIFICATION FOR RADON REMOVAL SYSTEM
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity

removal, carbon adsorption for radon removal, and a fan for recirculating the
air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the»K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction .of at
ieast 80 percent is required to ensure reduction of the radon level to below 1

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary |

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317..B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at U0°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.
000275
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SPECIFICATION FOR RADON REMOVAL SYSTEM .

for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing ar delivery of a rsdon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radon removal, and a fan for recirculating the
air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Ci in eac:r 3ilo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 c¢fm. The unit should be sized to treat a total
of 1,500,000 £t3 of air saturated with water vapor at 40°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

000276
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0975

SPECIFICATION FOR RADON REMOVAL SYSTEM
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity

removal, carbon adsorption for radon removal, and a fan for recirculating the

air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the-
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at 40°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

000277
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SPECIFICATION FOR RADON REMOVAL SYSTEM ‘
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity

removal, carbon adsorption for radon removal, and a fan for recirculating the
air be'ing treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the

contaminated air in the silos will be recirculated, a per pass reduction of at

.least 80 percent is required to ensure reduction of the radon level to below 1 '

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.0t and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 £t3 of air saturated with water vapor at 40°F. The humidity

reduction unit should employ calcium sulfate as the removal media and reduce
relative humidity of the recirculated air below 40 percent. '

000278
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SPECIFICATION FOR RADON REMOVAL SYSTEM

for

THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radonvremoval, and a fan for recirculating the
air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.C1 and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL StSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at 40°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

Y~ (]
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SPECIFICATION FOR RADON REMOVAL SYSTEM ‘

for

(]

"HE K-#5 SIL A

of

FEED MATERIALS PROD'"TION CENTER
FERNALD, )

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system 1ll provide humidity
removal, carbon adsorption for radon removal, and a fz.. for recirculating the

2ir being treated. The carbon adsorption units shall treat the air and reduce
adon levels to ccneent. ations suitable for <oening the K-65 siles. Since the
contaminated air in the silos will be recirculated, a per pass reduction of --
least 80 percent is required to ensure reduction of the radon le2l to belo. .

Ci in ez2h silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The at..ched drawings, 303317.GA.01, 303317 ".0%1 and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON PFEMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The C ctor . :all furnish a suitably s: »d humi:~ -7 reduction unit

to treat a fluw of air at 1000 c¢fm. The unit shou:d be ¢ :d to treat a total

of 1,500,000 £t3 of air satura*~d with water vapor at 40°F. The humidity
reductior 'init should er- .2y .ium sulfate as the removal media and reduce
relative .midity of the recit._..ated air below 40 percent. ‘

000280
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0975

SPECIFICATION FOR RADON REMOVAL SYSTEM
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the.furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radon removal, and a fan for recirculating the
air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Ci in each silo 'in two work shifcts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.:8.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL S:STEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ﬁt3 of air saturated with water vapor at U0°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.
0002851
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SPECIFICATION FOR RADON REMOVAL SYSTEM ‘
for
THE K-65 SILO AREA
of"

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radon removal, and a fan for recirculating the

air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1.

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.B.002 show the

arrangement and capacity for operation of the equipment. 4

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air 3t 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at YO°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

000282
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9975

SPECIFICATION FOR RADON REMOVAL SYSTEM
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity

removal, carbon adsorption for radon removal, and a fan for recirculating the

air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Cil in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 £t3 of air saturated with water vapor at U4O°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

NEW:DH-8(3) Rev. 1 000283



SPECIFICATION FOR RADON REMOVAL SYSTEM ‘
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbdn adsorption for radon removal, and a fan for recirculating the

air being treated. The carbon adsorption units shall treat the air and reduce

re . levels to concentrations suitable for opening the K-65 silos. Since the

cc.. .ainatec air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure rec.ction of the radon level to below ‘

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F. . and 303317.B.002 show the
arrangem2nt and capacity for operation of the equipment.

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

" 1.1 The Contractor shall furnish a suitably sized humidity reduction unit
treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at 40°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce
relative humidity of the recirculated air below 40 percent. ‘

000284
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0975

SPECIFICATION FOR RADON REMOVAL SYSTEM
for
THE K-65 SILO AREA -
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radon removal, and a fan for recirculating the
air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.0% and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity.reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at 40°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

000285
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SPECIFICATION FOR RADON REMOVAL SYSTEM .
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furnishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radon removal, and a fan for recirculating the

air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 siios. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon 21 to kelow .

Ci in each silo in two work shifts.

The equipment, complete with all controls, will be installed ihva temporary

.building tc 2 erected adjacent :o the K-65 silos.

.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.8.002 show the
arrangement and capacity for operation of the equipment;

2.0 RADON REMOVAL SYSTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 cfm. The unit should be sized to treat a total
of 1,500,000 ft3 of air saturated with water vapor at YO°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

(00286
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SPECIFICATICN FOR ﬁADONvREMOVAL SYSTEM
for
THE K-65 SILO AREA
of

FEED MATERIALS PRODUCTION CENTER
FERNALD, OHIO

1.0 SCOPE

1.1 These Specifications cover the furhishing and delivery of a radon removal
system as described herein. The radon removal system shall provide humidity
removal, carbon adsorption for radon removal, and a fan for recirculating the
air being treated. The carbon adsorption units shall treat the air and reduce
radon levels to concentrations suitable for opening the K-65 silos. Since the
contaminated air in the silos will be recirculated, a per pass reduction of at
least 80 percent is required to ensure reduction of the radon level to below 1

Ci 1in each silo in two work shifts.

The equipment, complete with all controls, will be installed in a temporary

building to be erected adjacent to the K-65 silos.

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.B.002 show the
arrangement and capacity for operation of the equipment.

2.0 RADON REMOVAL SySTEM

2.1 HUMIDITY REDUCTION

2.1.1 The Contractor shall furnish a suitably sized humidity reduction unit
to treat a flow of air at 1000 c¢fm. The unit should be sized to treat a total
of 1,500,000 £t3 of air saturated with water vapor at U40°F. The humidity
reduction unit should employ calcium sulfate as the removal media and reduce

relative humidity of the recirculated air below 40 percent.

00028
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Westinghouse Materials Page 3 of 13

Company of Ohio - FMPC Page Revision Date:
PRODUCTION Title: Radon Removal System : S0P - 303317-01
OPERATIONS Installation, Startup, Testing
PROCEDURE and Operating Proc re Plant:
Authorization: : Supersec : None Issue Date:

: August 20, 1987

4.1 INSTALLATION OF RADON REMOVAL SYSTEM

4.1.1 Initiate installation of the radon removal system by placing a portion

of the U4-foot by U-foot by 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated cover (ll-foot by 24-

foot section) for the r:don system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317.B,007.

4.1.4 Locate fan assembly per drawing 30_ -B00Z. . ‘

U.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fah as shown on drawing 303317.B.002.

4.1.7 Instail ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l. Provide tie downs every 40 feet to ensure the
integrity of the system.

4, 3 Make re- .red electrical connections to power fan and instrumentation.

4.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding. '

NEW:DH-17 Rev. 1 000288
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Westinghouse Materials ' Page 3 of 13

Company of Ohio - FMPC - : Page Revision Date:

PRODUCTION Title: Radon Removal System 30P - 303317-01

OPERATIONS Installation, Startup, Testing

PROCEDURE and Operating Procedure Plant:

Authorization: Supersedes: None Issue Date:

August 20, 1987

4.1 INSTALLATION OF RADON REMOVAL SYSTEM

Y,1.1 Initiate installation of the radon removal system by placing a portion
of the U4-foot by U-foot by 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated cover (ll-foot by 24-
oot section) for the radon system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in
accordance with drawing 303317.8B,002.

4.1.4 Locate fan assembly per drawing 303317.B8002.

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building
nalves and jack and level as required.

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon
adsorbers, and fan as shown on drawing 303317.B.002.

4.1.7 Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l. Provide tie downs every 40 feet to ensure the
integrity of the system.

4.1.8 Make required electrical connections to power fan and instrumentation.

4,.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding.

00028
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Westinghouse Materials Page 3 of 13

Company of Chio - FMPC Page Revision Date:
PRODUCTION |Title: Radon Removal System SOP - 303317-01
OPERATIONS Installation, Startup, Testing
PROCEDURE and Operating Procedure Plant:
Authorization: Supersedes: None Issue Date:

August 20, 1987

4.1 INSTALLATION OF RADON REMOVAL SYSTEM l

b.1.1 Initiate installation of the radon removal system by placing a portion

of the U-foot by 4-foot by 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated cover (1ll-foot by 24-

foot section) for the radon system.

4,.1.3 Receive and locate dehumidifier and activated carbon canisters in l
7

accordance with drawing 303317.8.002.

4.1.4 Locate fan assembly per drawing 303317.B002. ' '
4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon l

adsorbers, and fan as shown on drawing 303317.8.002.

4.1.7 Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l. Provide tie downs every 40 feet to ensure the' ‘
integrity of the system.

4.1.8 Make required electrical connections to power fan and instrumentation.

4.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding. ’

NEW:DH-17 Rev. 1 000230



0975
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Company of Ohio - FMPC Page Revision Date:

PRODUCTION Title: Radon Removal System SOP - 303317-01

OPERATIONS Installation, Startup, Testing

PROCEDURE and Operating Procedure Plant:

Authorization: Supersedes: None Issue Date:
August 20, 1987

Initiate installation of the radon removal system by placing a portion
of the 4-foot by U4-foot by 8-foot boxes filled with soil in place.
Receive and locate one-half of the prefabricated cover (ll-foot by 24-
Receive and locate dehumidifier and activated carbon canisters in
Locate the second half of the radon system cover (11-foot by 24 foot) -
and slide to mate with first half.. Complete assembly of the building

Install ductwork and damper connecting the dehumidifiers, carbon

Install ductwork connecting silos and radon remaval system as shown on

drawing 303317.GA.01. Provide tie downs every 40 feet to ensure the

Make required electrical connections to power fan and instrumentation,

4.1 INSTALLATION OF RADON REMOVAL SYSTEM
4.1
4.1
foot section) for the radon system.
4
accordance with drawing 303317.B.002.
u.1 Locate fan assembly per drawing 303317.B002.
4.1
halves and jack and level as required.
4.1
adsorbers, and fan as shown on drawing 303317.B.002.
4.1
integrity of the system.
b
b Install radon monitoring instruments.
b1

NEW:DH-17 Rev. 1

.10 Complete placement of containers to provide shielding.
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PRODUCTION Title: Radon Removal System SOP - 303317-01 ’
OPERATIONS Installation, Startup, Testing
PROCEDURE and Operating Procedure Plant:
Authorization: ‘Supersedes: None Issue Date:
August 20, 1987

4.1 INSTALLATION OF RADON REMOVAL SYSTEM

4.1.1 1Initiate installation of the radon removal system by placing a portion

of the U4-foot by 4-foot by 8-foot boxes filled with soil in place.

4.1 * Receive and locate one-half of the prefabricated cover (ll-foot by 2u-

foot section) for the radon system.

4.,1.3 Rece = ~d locate dehumidifier an activ .ed carbon canisters in
accot : Wwith drawing 303317.8.00Z.
4.1.4 Locate fan assembly per drawing 303317.B8002. .

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fan as shown on drawing 303317.8.002.

4.1.7 Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.01. Provide tie dnuns every L0 feet to ensure the

integrity ~¢ the sy

4.1.8 Make required electrical connections to power fan and :trumentation.

4.1.9 Install radon monitorir astrur

4.1.10 Complete placement of containers to provide shielding. .
0060292

NEW:DH-17 Rev. 1



0975

Westinghouse Materials Page 3 of 13
Company of Ohio - FMPC ' Page Revision Date:
PRODUCTION Title: Radon Removal System SOP - 303317-01
OPERATIONS Installation, Startup, Testing
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- August 20, 1987

NEW:

INSTALLATION OF RADON REMOVAL SYSTEM

DH-17 Rev. 1

Initiate installation of the radon removal system by placing a portion

of the 4-foot by U-foot by 8-foot boxes filled with soil in place.

Receive and locate one-half of the prefabricated cover (1ll-foot by 24-

foot section) for the radon system.

Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317.B.002.

Locate fan assembly per drawing 303317.8002.

Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fan as shown on drawing 303317.8.002.

Install ductwork connecting silos and radon removél system as shown on
drawing 303317.GA.0l. Provide tie downs every 40 feet to ensure the
integrity of the system.

Make required electrical connections to power fan and instrumentation.

Install radon monitoring instruments.

.10 Complete placement of containers to provide shielding.
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PRODUCTION Title: Radon Removal System SOP - 303317-01
OPERATIONS Installation, Startup, Testing
PROCEDURE and Operating Procedure Plant:
Authorization: Supersedes: None Issue Date:

5 August 20, 1987

4.1 INSTALLATION OF RADON REMOVAL SYSTEM

4.1.1 Initiate installation of the radon removal system by placing a portion

of the U-foot by U-foot by 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated cover (1ll-foot by 24-

foot section) for the radon system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317.8.002.

4.1.4 Locate fan assembly per drawing 303317.B002. ‘
4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fan as shown on drawing 303317.B.002.

4.1.7 Install ductwork connecting silos and radon removal system as shown on
drawing 303317.CA.01. Provide tie downs every U0 feet to ensure the
integrity of the system.

4,1.8 Make required électrical connections to power fan and instrumentation.

4.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding. : ‘

000294
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August 20, 1987
4,1 INSTALLATION OF RADON REMOVAL SYSTEM
4.1.1 Initiate installation of the radon removal system by placing a portion

of the U-foot by 4-foot by 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated cover (ll-foot by 24-

foot section) for the radon system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317.B.002.

4.1.4 Locate fan assembly per drawing 303317.B002.

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)

and slide to mate with first half.

halves and jack and level as required.

Complete assembly of the building

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fan as shown on drawing 303317.B.002,.

4,1.7 Install ductwork connecting silos and radon removal system as shown on

drawing 303317.GA.0l. Provide tie downs every U0 feet to ensure the

integrity of the system.

4.1.8 Make required.electrical connections to power fan and instrumentation.

4.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding.

NEW:DH-17 Rev. 1
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PROCEDURE and Operating Procedure Plant:

Authorization: Supersedes: None Issue Date:
August 20, 1987

4.1 INSTALLATICN OF RADON REMOVAL SYSTEM

4.1.1 Initiate installation of the radon removal system by placing a portion

of the U4-foot by U-foot by 8-foot +axes filled with soil in place.

4.1.2 Receive and locate one-half of the ;-=zfabricated cover (ll-foot by 24-

foot section) for the radon system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317.8.002.

4.1.4 Locate fan assembly per drawing 303317.B002. ‘

4.1.5 Locat. c.ne second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

4.1.6 astall ductwork and damper connecting the dehum. .fiers, carbon

adsorbers, and fan as shown on drawing 303317.B.002.

4.1.7 Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l. Provide tie downs every 4C :et to ensure the
integrity of the system.

4.1.8 Make required electrical connections to power fan and instrumentation.

4.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding. .

NEW:DH-17 Rev. 1 - ' 000296
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4.1 INSTALLATION OF RADON REMOVAL SYSTEM

4.1.1 Initiate installation of the radon removal system by placing a portion

of the 4-foot by U4-foot by 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated cover (ll-foot by 24-

foot section) for the radon system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317.B,002.

L.1.4 Locate fan assembly per drawing 303317.BR002.

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
’ and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

4.1.6 Install ductwork and damper connecting the dehumidifiers, carbon |

adsorbers, and fan as shown on drawing 303317.8.002.

4.1.7 Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l. Provide tie downs every 40 feet to ensure the l
integrity of the system.

4.1.8 Make required electrical connections to power fan and instrumentation.

4.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding.

000
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OPERATIONS Installation, Startup, Testing
PROCEDURE and Operating Pr- -sdure . Plant:
Authorization: Super::des: Nc¢ : ‘| Issue Date:
' August 20, 1987

4.1 INSTALLATION OF RADON REMOVAL SYSTEM

4.1.1 Initiate installation of the radon removal system by placing a portion’
of the U-foot by U-foot bv 8-foot boxes filled with soil in place.

4.1.2 Receive and locate one-half of the prefabricated ccver (ll-foot by 24-

foot section) for the radon system.

4.1.3 Receive and locate dehumidifier and activated carbon canisters in

accordance with drawing 303317 3.002.

4.1.4 Locate fan assembly per drawing 303317.B002.

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half.

halves and jack and level as required.

‘omplete assembly of the building

4.1.6 Install ductwork ar- damper connecting the dehumidifiers, carbon

adsorbers, and fan : shown on drawing 303317.B.002.

4,1.7 Install ductwork connecting silos and radon removal systzm as shown on

~drawing 303317.GA.01. Provide tie downs every 40 feet to ensure the

integrity of the system.

4.1.8 Make required electrical connections to perr fan and instrumentation.

b.1.9 Install radon monitoring instruments.

4.1.10 Complete placement of containers to provide shielding.

NEW:I'4-17 Rev

1
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NEW:

INSTALLATION OF RADON REMOVAL SYSTEM

Initiate installation of the radon removal system by placing a portion
of the 4-foot by 4-foot by 8-foot boxes filled with soil in place.

Receive and locate one-half of the prefabricated cover (ll-foot by 2U-

foot section) for the radon system.

Receive and locate dehumidifier and activated carbon canisters in .,

accordance with drawing 303317.8B.002.

Locate fan assembly per drawing 303317.B0Q2.

Locate the second half of the radon system cover (11-foot Sy 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fan as shown on drawing 303317.B.002.

Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l1. Provide tie downs every 40 feet to ensure the
integrity of the system. '

Make required electrical connections to power fan and instrumentation.

Install radon monitoring instruments.

.10 Complete placement of containers to provide shielding.
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Initiate installation of the radon removal system by placing a portion

of the U4-foot by U-foot by 8-foot boxes filled with soil in place.

Receive and locate one-half of the prefabricated cover (1ll-foot by 2U-

foot section) for the radon system.

Receive and locate dehumidifier :nd activated carbon canisters in

accordance with drawing 303317. .002.

Locate fan assembly per drawing 303317.8002.

Locate the second half of the radon system cover (11-foot by 24 foot)
and slide to mate with first half. Complete assembly of the building

halves and jack and level as required.

Install ductwork and damper connecting the dehumidifiers, carbon

adsorbers, and fan as shown on drawing 303317.B.002.

Install ductwork connecting silos and radon removal system as shown on
drawing 303317.GA.0l. Provide tie downs every 40 feet to ensure the
integrity of the system.

Make required electrical connections to power fan and instrumentation.

Install radon monitoring instruments.

.10 Complete placement of containers to provide shielding.
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ALARA REVIEW
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5.0

5.1

5.2

ALARA REVIEW

A review of the work being engineered on the K-65 silos was made
from a radiation control standpoint. The following outlines the
assumptions made and the results obtained in this review.

STATEMENT OF WORK

In order to minimize releases of radon gas to the environment and

to help structurally support the silo tops, WMCo has decided to insert
a series of foams into the void air space at the top of both silos.
A ventilation system will first be installed that will reduce the
concentration of radon gas in the void air space. Then a two inch
elastomer layer will be poured onto the surface of the residues in
the tank. A two foot thick layer of rigid foam will then be sprayed
in the silos. A "caulking" layer of elastomer will then be applied
around the edges of the two foot thick rigid foam insert. The silos
will then be filled to within two feet of the top in the center with
flexible foam. Finally, the small remaining void will be filled
with rigid foam.

ASSESSMENT

Researching various documents concerning the K-65 silos and discussing
the conditions as assessed by WMCo with project personnel, existing
parameters were assumed for a silo that represents a mean condition.
Table 5.2.1 describes the assumed existing conditions.

By inserting the parameters of Table 5.2.1 into a dose estimating
program, MICROSHIELD®, with the varying elastomer and foam levels,

the dose rate at a point 81 cm above the center point of the idealized
silo was calculated for the following conditions. (For details,

see Appendix).

Existing sludge

Existing airspace

Airspace evacuated, elastomer in place

Air space evacuated, 2' rigid in place

Air space evacuated, 6' flexible in place

A11 foam in place

A1l foam in place, new equilibrium of Rn daughters

NOYO AW

A summary of the dose rates, both measured currently and calculated
by MICROSHIELD® are given in Table 5.2. 2.

In reviewing the draft operating procedures and design criteria for
equipment, equipment placement and shielding placement, the ALARA
considerations given in Table 5.2.3 were used as guidelines. Based
on these dose rates and a review of the draft procedures for foam

installation, a man-millirem budget was calculated and is given as
Table 5.2.4.

000302
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TABLE 5.2.1
PARAMETERS FOR SILO DOSE RATE CALCULATIONS

There are 1404.2 Ci radium in sludge and 37.4 Ci radon in 50% equilibrium
(with daughters) in the void air space. Dimensions and densities
are as follows:

-+ @ O 0O O

1005.8 cm height from silo bottom to exposure point

609.6 cm depth of sludge at 1.6 grams/cc

304.8 cm height of air at 0.00129 grams/cc

10.2 cm thickness of silo dome concrete at 2.300 grams/cc

81.2 cm air between silo dome and observation at 0.00129 grams/cc
1220 c¢cm silo radius

2440 cm silo diameter

Calculation Cases:

1. 609.6 cm of sludge

2. ¢ 304.8 cm air at 0.00129 g/cc

3. ¢ 5.1 cm elastomer at 0.715 g/cc.
c' 299.7 cm air at 0.00129 g/cc

4. ¢ 5.1 cm elastomer at 0.715 g/cc
c' 60.96 cm foam at 0.0318 g/cc
c" 238.7 cm air at 0.00129 g/cc

5. ¢ 5.1 cm elastomer at 0.175 g/cc
c' 243.84 cm foam at 0.05560 g/cc
c" 55.82 cm air at 0.00129 g/cc

6. ¢ 5.1 cm elastomer at 0.715 g/cc
c' 304.8 cm foam at 0.05085 g/cc

7. Same shielding as Case 6.

*Note: ¢, ¢', ¢ - represents air heidhts after stages of foam placement.
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TABLE 5.2.2

RADIATION DUSE RATES ON CENTER OF SILU

MEASURED - 250 MR/HR. @ CONTACT
150 MR/HR. @ 3’

CALCULATED - 191 MR/HR. @ 80 cM
CALCULATED WITH ELASTONER IN PLACE - 86 MR/HR.
CALCULATED WITH ALL FOAM IN PLACE - 34.1 MR/HR.

CALCULATED WITH ALL FOAM IN PLACE AND EQUILIBRIUM
RE-ESTABLISHED - 78.9 MR/HR.
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RADON REMOVAL SYSTEM

(Narracive)

4 radon treatment system ls proposed using the best available technology which
is to be capable of éafely removing accumulated and continuously generated
radon gas witﬁin the K-65 silos. Primary system components include carbon
beds, dehumidification beds, a fan for circulation and two continuous radon
gas monitors. The general arrangement allows for circulation of contaminated
air between the K-65 silos and the dehumidifiers/carbon beds located at the

base of the berm.

Research was done to determine the most effsctive method for removing the
radon gas' from the air space of the silos. Literature data on Radon removal
from air spaces tended to support carbon adsorption as being the most
effective. Based on a system airflow of 1000 c¢fm, an initial curie content of
37.4 Ci, and 10 volume turnovers, the minimum curie content that can be
achieved in the silos (due to continueus generation of radon gas) 1is
approximately 0.4 Ci. A targeted final curie content for each K-65 silo is

1 Ci; however, an acceptable pre-foaming level is U Ci: The total amount of
carbon required to "hold" 36.4 Ci (based on tafget curie content) is estimated
at 4000 lbs. The selected carbon bed arrangement for radon removal uses two
beds sized for 500 cfm operated in parallel to process 1000 cfm. Four trains

of carbon beds are provided to achieve the required adsorption capacity.

Radon adsorption onto the carbon beds is much more efficient when the air
moisture content is low. Thus, dehumidification will be provided by
circulation of the contaminated air through 2 drums (500 cfm/drum) containing
calcium sulfate capable of reducing the moisture level. The amount of'caléium
sulfate required (4000 lbs) was based on the assumption that the relaiive

humidity of the air in each silo is 100 percent at 40 degrees F.

A fan is included in the system to draw gas from the silos through the )
dehumidifiers and carbon adsorption beds. It is located downstream 6f tBe
process to reduce the possibility of untreated air escaping the closed
system. Exhaust from the fan returns to the silos as treated air.

Sampling and analysis of the circulating gas is provided by continuouszﬁédon

000305
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(v
gas monitors located up and downstream of the dehumidification and carbon

adsorption beds. Consistent readings of the targeted curie concentrations or

7.2 % 10 pCi/L .for silo 1 and 9.1 X 102 PCi/L for silo 2 will justify

terminating the radon removal process and beginning the f{oaming process.

Levels of 3.1 % 10° oCi/L for silo 1 and 4 X 10° pCi/L for silo 2 are the

mazimum allowable concentrations prior to beginning the foaming process.

000306
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SYSTEM DESCRIPTION

RADON REMOVAL SYSTEM

.0 OBJECTIVE

The objective of this document (s to describe a system to be installed to
remove radon gas from the vapor space of tWo solid waste silos located at the
Feed Materials Production Center in Fernald, Ohio. A description of the
function, sizing, and operation of this system is provided. Tne radon
reduction system supports a larger program to be carried out on the silo vapor
space. Once radon concentrations nave been reduced, silo openings Qill be
employed to completely fill the present vapor space with a polyurethane foam
material which will seal the silo, preventing leakage or release of'radon gas

=2 the environment.

(A

.0 SCOPE
The radon system to be supplied is complete and capable of stand-alone
operation with nothing more than electrical supply in support of operations.
Tne system is a temporary unit designed for an operating life of 5 years. To
the extent possible, the components selected for use on the system are

off-the-shelf manufacturers standard. .

L

.0 DEFINITIONS

3.1 DEHUMIDIFICATION

Process for the removal of moisture from air. In the present application, it
i35 assumed that the air in equilibrium with sludge in closed silos is
saturated with moisture at the prevailing gas temperature (100 percent
relative humidity). A device containing the dehumidification agent calcium
sulfate, is placed in the line to react with moisture and reduce the

concentration present in the air.

3.2 CARBON ADSORPTION

The process of assimilating a substance such as radon present in a gas stream

on a solid carbon matrix thereby effectively concentrating the radon in the

solid phase and removing it from the recirculated gas.

n 000310
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~-.0 I=SCRIPTION

Tne rzcon removal systam is Zesigned with the following components:

-1 SUCTION CONNECTICN

Zzcn silo containing radon gas o 2e processed can be thought of as a closed

zontainer Wwith radon in the gas space in equilibrium with radium in the

gy

sudge. The gas must 2e removed from the silo through avallable
:onnectionslb The silos have five manways suitable for this purpose. E£ach
manwav is 20 inches in diameter and is presentiy closed with a flanged and
colted cover. It is proposed to modify the manway covers at the top of the
s5ilos «with new covers, =ach containing a 6-inchvduct type cennection. The
Zetails of this fixture are shown in sketch "A" on Drawing 203317.4.001.

-
H

uctizn Wwill be taken from two of these 5-inch connecticns. The zwo

connections will attacn to a iZ2-inch suction neader whicn directs flow to the

r~adon removal system.

4.2 SYSTEM CONNECTIONS

"he suction line for transport of gas from the 31lo suction connections will

se iz-inch diameter and will be routed as snown on Drawing 303317.G.07.

4.3 ZADON RKEMOVAL SYSTEM

-.3." Dehumidification

Moisture removal is accomplished by passing the gas removed from a silo
nrouzn vessels loaded with calcium sulfate which reacts Wwith moisture in the
zir, thereby accompiishing the reguired moisture removal. For the system
upplied, the calclium sulfate is loaded in two canisters. The canisters are
<3 inches in diameter by approximately 72 inches high. ¢&low 2nters the bottom
of the bed through a flow distributor and exits from the top of the

canistar. Each canister is capable of processing up to 500 cfm of air. The

system 1s therefore designed to treat up to 1000 cfm.

4.3.2 Carbon Adsorption

Radon is collected on activated carbon. The carbon is loaded in canisters
similar to those used in dehumidification. Because the U8-inch by 72-inch

canisters are rated at 3500 cfm, processing would normally be at 500 cfm

000311
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Zarough one canister. The desired proceSs>rate of 1000 cfm is achieved by
operation of two canisters in paraliel. Processing would 2 carri=d out until
‘nlet and outlet radon concentrations indicate carbon capacity is being
approached. Calculations indicate flow will be diverted through additional
2anisters in seguence during the z2ir recirculation operation to achieve
required reduction of .radon from 37.4 Ci to about 1 Ci in the recirculated

£as. rZour trains of carbon beds are provided to achieve required adsorption

i fan s installed in the system to take suction from the silo(s) and to draw
. . A . ~ . .
zas through the dehumidifiers and carbon beds. The fan is located downstream

11

(el

=

crocess to reduce the possidp y of =xcessive untreated gas escaping
inzo che environment. After passing air through the adsorption process the
a0 returns the air to the Silo(s). The return line is 12 inches In diameter
“rom the fan discharge to the silo dome. At the silo dome, the i2 inch line

splits into 2 connections which are 6 inches in diameter. The © inch lines

o

re attached to special manway adapters which deliver treated air flow back to

che silo.

.5 DAMPEZS

The radon adsorption system is designed to operate with one set of carbon
rallel pair of units is operating, all otCher

72ssels a2t a tTime. Wnen one pa
sessels are isolated. Isolation is accomplished through the use of isolation
dampers iccated at the inlet of the carbon units. The dampers selected must
be capable of operation with reach rods and designed with bar seals or EPT

seals which limit air leakage.

4.6 INSTRUMENTATION

Process control is accomplisned using on-line monitoring of radon gas
concentrations. The radon concentrations at the process inlet and process
ocutler are monitored. These process measurements are to be made using on-line
measurements with an instrument such as the EZberline Model RGM-2 Radon Gas

Monitor or equal.

| 000312
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5.9 DESCRIPTION OF OPERATION

The radon removal system is designed to operate at up to 200 c¢fm gas flow to
reduce radon levels in each of the two silos from 37.4 Ci to less than 1 Ci.
Civen gas vclumes of U48.700 cubic fset in silo 1 and 38.700 cubic feet in silo
2, turncover times ares 4G znd 39 minutes respectiveiy. -Assuming 10 volume
curnovers wWill be required to dilute radon concentrations to the level desired
for start of foam application work, the total process times will be 500
minutes (3% nours) and 400 minutes (7 hours) for silo and ' and silo 2
respectively. In actual practice, it is anticipated this system as proposed

wiill allow radon Levels to be reduced to desired levels in two shifts.

Tre system is operated by opening the inlet damper to a pair of carbon beds.

4 flow patn is verified from the silo to be processed, through the
dehumidifi=rs and the carbon vessels to the fan. Tne fan Is then started and
air flow =2staplished through the system. The radon concentration is monitored
at the process inlet and at the process outlet. Data available on carbon
indicates removal efficiency for radon is between 85 and 99 percent. As inlet
concentraticn is reduced and carbon capacity is being used, It is anticipacted
that flow will be diverted to a second set of carbon beds to achieve radon

reduction to tne final erffluent concentration. The sacon

Q.
(o]
<
o
-
.
(@]
(]

sil
nrocessed oy directing the initial flow through the partially expended bed
from final processing of the first silo. The process will continue until
‘nlet anc cutlet concentrations dictate =2 new oad must be placecd in service.
The new 5eds to be cperatad must have inlet dampers opened and [flow

L

ished pefore isolating the expended units.

NEW:DH-2(4) 000313
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. POLYURETHANE FOAM SYSTEM
MARRATIVE AND SYSTEM DESCRIPTICN

JARRATIVE

Based on the conceptual design provided by WMCO and practical aspects of
applying polyurethane foams for this type of treatment, a method has been
zenerated using the cest available technology to satisfy the main objectives

of the project.

One of the main objectives of the foam application to the K-65 silos is to
znhance the structural integrity of the tank domes by providing underlying
support. However, rigid polyurethane foams, particularly low density foams,
w111 expand and contract cue to the physical and chemical nature of the
raterials. In fact, the compressive strength of the rigid foam is easily high
enough to cause Structural Zamage to the dome if expanded beyond the confines
of the silo air space. In addition there is the concern that contraction of

. the foam could open avenues for the escape of radon past the foam layer.

The use of a composite foam system will satisfy both of these concerns. Rigid
foam, flexible foam, and a polyurethane eiastomer will be used In the
composite. The flexible polyurethane foam will be used to fill the bulk of
the silo void space and provide cushioning for expansion ana contraction of
the foam composite as a whole. The elastomer will be used to provide a
reliable seal on the surface of the K-65 residue for radon attenuation. Rigid
polyurethane foam Wwill 2e applied in a 2 foot thick layer on top of the
=2lastomer as a secondary Fadon barrier. In addition a 20-30 foot diameter,’
5-8 foot thick core of rigid foam will be applied at the %tecp center Qf the
dome to provide structural support. 4n illustration showing the sequence of

foam application is provided in Drawing No. 303317.4.004.

An independent test performed by Twin City Testing on a 2.28 lb/f‘t3 density
rigid foam resulted in an expansion of 5.07 percent after a 7 day aging
period. At a 6 percent expansion, a 15 foot thick layer of foam cbuld expand
’ to 15.9 feet. This foam has a compressive strength of 20 psi which is easily

enough to lift the concrete dome of the silo. For this reason, a flexible

NEW:DH-3(1) 000314
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cam will be used as the primary i1l material for the silo. For enhancing
tne structural integrity at the center of the dome, a 3000 to 4000 ft3 core of

1zid foam will be applied. Tre rigid foam core will be supported by a
£

The elastomer layer will provide the primary barrier for radon gas. It will
ce applied in a 2 inch thick layer on top of the K-65 residue. The material
s moderately dense and elastic and is not likely to expand or contract

. c o

ignificantly. In addition to the initial layer, the elastomer will be

[/

1

pplied to caulk the outer perimeter of the 2 foot rigid foam laver.
In an optional operation., a 2-3 inch layer of rigid foam will te applied to
the outslide dome surface along with an elastomer weather barrier. This outer
cover will insulate the silo and reduce thermal ex¥pansion and contraction of
the fill foam as well a2s the dome concrete structure. Moisture uptake of the
Joam s also reducec and the cdome structure is protected from environmental
2lements. Although the foam cover will add a small amount of weight to the
dome 1id, the compressive and tensile strength of the foam will help bridge

some of the weak spots of the structure.

S/STEM DESCRIPTION

rry

ield production of the polyurethane foam to be used for this project will
involve the mixing and pouring of several components which react and set-up
#ithin 5 minutes of application. The two reaction components. an aromatic
isocyanate and a polyol, along with a fluorocarbon blowing agent are pumped
chrough individual hoses to a static mixing chamber located on the butt of a
cour lance. The aromatic isocyanate and polyol are combined in a 1:1 ratio
and the fluorocarbon flow, usually 4 percent of the total mixture, is
controlled to maintain the proper density foam. The mixture will begin to
react immediately as it leaves the lance, but will continue to flow and rise
for about 3 minutes after reaching the surface. Drawing No. 303317.4.002

illustrates the polyurethane froth/pour system.

The two reactants are pumped Wwith an air powered pumping unit with two equally
sized proportioning fluid pistons. The fluorocarbon is introduced into the

mixing chamber using nitrogen pressure to push it in. The maximum rate of
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oam deliivery is about 100 pounds per minute. The volume of foam delivered
will wary depending on the density of Foam desired. For a 2 lb/ft3 foam, a
maximum volume of 50 f23/min can be sxpected.

The first step in the procedure will involve application of a fairly even 2
inch thick layer of elastomer. The material will e applied via the manways
using the lance with an extension. The extension on the lance will be
maneuvered through the manway such that it can be pointed in the desired
direction by the operator from above the manway. The elastomer will be
applied initially toward the silo wall, quickly working toward the center of
the siio to establish a visible layer on as much surface area as possible.
The operaticn is repeated for each of the four perimeter manways. The center
manway «iil be used only if the center of the siio cannot be reached from the
perimecer manways. Once the initial layer is applied, the operator will
reyork the surface If necessary to increase the thickness. Drawing

303317.2.003 shows the arrangement to be used for this operation.

To confirm thorough and even application of elastomer, a remote TV camera
along w~ith adequate lighting will be installed at the center manway. After
applying the initial layer, the surface will be examined thoroughly by camera
and any prbblem areas noted. The problem areas will be re-worked prior to
switch-sver to the next phase. After the touch-up operation, the distance
setween 2lastomer coating and the dome wiil be determined from various access
points on the dome. These measurements will provide a baseline for

determining the thickness of subsequent foam layers.

The rigid foam will be applied on top of the elastomer to a thickness of

13-30 inches. It will be applied in the same fashion as the elastomer
covering as much surface as possible. The foam progress will be viewed and
directsd by remote TV camera. The same operation will be used to apply the
elastcmer caulking around the perimeter of the rigid foam layer. Measurements
of distance between the rigid foam surface and the dome will be performed for

determination of foam thickness.

In the next step of the process, flexible foam will be used to fill most of

the silo head space. A void space at the center of the silo will be left

NEW:DH-3(3) ; 000316
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il

measuring 20 to 30 feet in diameter and © to & feer

eep at the center of the

.

dome. Thne flexible foam wi:l be zppiied in a semi-remote fashion using
disposaple {lexible hose extensions for the lance. Fflexible hose will be
olaced in various openings of the dome in an arrangement such that the foam

o

will fill the outer edge of the dome and expand toward the center. Thne foam
lance will be attached to a flexible hose extension and left on the dome as
the foaming progresses. As the space fills with foam, the lance will be moved
o other injection points around the dome in a pattern which prevents the
formation of void spaces. When the foaming 1is éomplete, the flexible hoses

will be cut off flush to the openings of the dome.

The final core of rigid foam is also applied in semi-remote fashion from the
center manway. Lance extensions will be used to ensure 3 complete pour with a
minimum of vold spaces. Once the foam application is cbmplese, all manways
and other dome openings wlill be covered.

The optional outer dome coating will be applied using special spray
equipment. The rigid foam layer will be applied first, working from the
center of the dome toward the perimeter. Once the rigid foam has cured, the

thin elastomer layer can be applied.

000317
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SOURCE EMISSION CALCULATION

Following treatment, the maximm amount of Radon-222 remaining will be
no more than 4 Ci in each of the K-65 silos. Refering to Table 1. below,
the concentration in each silo is calculated as a function of the volume
of the space above the residue. As the foam is injected into the silo, it
will displace the radon gas, forcing it out the four (4) open manways and
into the ambient atmosphere. The maximum foam injection rate is 50 cfm,
which will take place for limited (about seven hour) periods. This will
result in a maximm emission rate of about 6.8 X 10 > Ci/sec from silo 1
and about 8.6 x 10™° Ci/sec from Silo 2.

Table 1. Worst Case Emission Calculations

TTEM UNITS STIO 1 SIIO 2
Radon Present Ci 4 4
Tank Volume f£e3 48,700 38,700
Concentration ci/fe3 8.2 x 10™°  10.3 x 107>
Foam Injection Rate  ft3/min 50 50

Emission Rate Ci/sec 6.8 x 107> 8.6 x 107°

000318
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‘ TABLE 5.2.1

PARAMETERS FOR SILO DOSE RATE CALCULATIONS

Basis:

There are 1404.2 Ci radium in sludge and 37.4 Ci radon in 50% equilibrium
(with daughters) in the void air space. Dimensions and densities
are as follows:

a. 1005.8 cm height from silo bottom to exposure point

b. 609.6 cm depth of sludge at 1.6 grams/cc
*c. 304.8 cm height of air at 0.00129 grams/cc

d. 10.2 cm thickness of silo dome concrete at 2.300 grams/cc

e. 81.2 cm air between silo dome and observation at 0.00129 grams/cc
f. 1220 cm silo radius

g. 2440 cm silo diameter
Calculation Cases:
1. 609.6 cm of sludge
‘ 2. c 304.8 cm air at 0.00129 g/cc

3. ¢ 5.1 cm elastomer at 0.715 g/cc
c¢' 299.7 cm air at 0.00129 g/cc

4. ¢ 5.1 cm elastomer at 0.715 g/cc
c' 60.96 cm foam at 0.0318 g/cc
c" 238.7 cm air at 0.00129 g/cc

5. ¢ 5.1 cm elastomer at 0.175 g/cc
c' 243.84 cm foam at 0.05560 g/cc
c" 55.82 cm air at 0.00129 g/cc

6. ¢ 5.1 cm elastomer at 0.715 g/cc
c' 304.8 cm foam at 0.03085 g/cc

7. Same shielding as Case 6.

*Note: ¢, c', c" - represents air heights after stages of foam placement.
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TABLE 5.2.2

RADIATION DOSE RATES OW CENTER OF SILU

MEASURED - 250 MR/HR. @ CONTACT
150 MR/HR. @ 3'

CALCULATED - 191 MR/HR. @ 80 cm
CALCULATED WITH ELASTONER IN PLACE - 86 MR/HR.
CALCULATED WITH ALL FOAM IN PLACE - 34,1 MR/HR.

CALCULATED WITH ALL FOAM IN PLACE AND EQUILIBRIUM
RE-ESTABLISHED - 78.9 MR/HR.
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TABLE 5.2

2.4
MAN MILLIREM ESTIMATE

construction

Operagtion

Silo #1

Install Containments 800

Remove Covers 1200

Install Covers 800
2800

Silo #2

Install Ducting

Install TV Camera

Test of Rn System

Radon System Operation

Silo #1

Ventilate 360

Elastomer 1150

Inspection 200

Rigid Foam 500

Inspection 190

Caulk 400

Flexible ' 600

Rigid 80

Cleanup 150

Dome Protect 350
3980

Silo #2

Waste Transport
Demobilization

DO S

2800

2800

240
700

360
300

3980
3980
50

50
15,260
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TABLE 5.2.3

ALARA CONSIDERATIUNS 9975

ENVIRONMENT
0 CARBON ABSORPTION SYSTEM
0 FOAM RADON ATTENUATOR
0 FoAM RADIATION ATTENUATOR

WORKERS

0 TIME REDUCTION

PRE-JOB ENGINEERING

PRE-ASSEMBLE AS MUCH AS POSSIBLE OFFSITE
USE OF QUALITY WORKMEN

PRE-PLAN JOB TO MINIMIZE WORKER TIME ON SILOS

0 DISTANCE

- REMOVE RADON FROM SILO TO CARBON FOR FOAMING
OPERATIONS

- KEEP WORKERS OFF DOMES TO THE MAXIMUM EXTENT
PRACTICABLE

- KEEP FOAM TRUCKS, OPS TRAILER, CONTROL ROOM -
AWAY FROM RADIATION AREAS

- REMOTE TV VIEWING

0 SHIELDING
- INSTALL SOILBOX SHIELDING AROUND VENTILATION

BUILDING
BALANCE QUALITY (REDUCE REWORK) VS. DOSE REDUCTION
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construction

Operation

- TABLE 5.2.4
MAN MILLIREM ESTIMATE

Silo #1

Install Containments 800

Remove Covers 1200

Install Covers 800
2800

Silo #2

Install Ducting

Install TV Camera

Test of Rn System

Radon System Operation

Silo #1

Ventilate 360

Elgstomer 1150

[nspection 200

Rigid Foam 500

[nspection 190

Caulk 400

Flexible 600

Rigid 80

Cleanup 150

Dome Protect 350
3980

Silo #2

Waste Transport
Demobilization

99735

2800
2800

240
700

360
300

3980
3980

50
50
15,260

000323
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POLYURETHANE FOAM SYSTEM
NARRATIVE AND SYSTEM DESCRIPTION

NARRATIVE

Based on :tne conceptual design provided by WMCO and practical aspects of
applying polyurethane foams for this type of treatment, a method nas been
generated using the best available technology to satisfy the main objectives

of the project.

One of the main objectives of the foam application to the K-65 silos is to
snhance the structural integrity of the tank domes by providing underlying
support. However, rigid polyurethane foams, particularly low density foams,
will expand and contract due to the physical and chemical nature of the
materials. In fact, the compressive strength of the rigid foam is easily high
enough to cause structural damage to the dome if expanded beyond the confines
of the silo air space. In addition there is the concern that contraction of

the foam could open avenues for the escape of radon past the foam layer.

Tne use of a composite foam system will satisfy both of these concerns. Rigid
foam, flexible foam, and a polyurethane elastomer will be used in the
composite. The flexible polyurethane foam will be used to fill the bulk of
the silo void space and provide cushioning for expansion and contraction of
the foam composite as a whole. The elastomer will be used to provide a
reliable seal on the surface of the K-65 residue for radoh attenuation., Rigid
polyurethane foam will be applied in a 2 foot thick layer on top of the
2lastomer as a secondary Radon barrier. In addition a 20-30 foot diameter,
£-8 foot thick core of rigid foam will be applied at the top center of the
dome to provide structural support. An illustration showing the sequence of

foam application is provided in Drawing No. 303317.4.004.

An independent test performed by Twin City Testing on a 2.28 lb/f‘t3 density
rigid foam resulted in an expansion of 5.07 percent after a 7 day aging
period. At a 6 percent expansion, a 15 foot thick layer of foam could expand
to 15.9 feet. This foam has a compressive strength of 20 psi which is easily

enough to lift the concrete dome of the silo. For this reason, a flexible
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foam will be used as the primary Fill material for the silo. For enhancing
: 2

-
=D

Fagr
- -

the structural integrity at the center of the dome, a 3000 to 4000 core of

rigid foam will be zpplied. The rigid foam core will be supported by a

r
ninimum 3 foot thickness of flaxible foam.

The elastomer laver will provide the primary bdarrier for radon gas. It will
be applied in a 2 inch thick layer on top of the K-65 residue. The material
is moderately dense and elastic and is not likely to expand or contract
significantly. In addition to the initial layer, the elastomer will be

applied to caulk the outer perimeter of the 2 foot rigid foam layer.

In an optional operation, a 2-3 inch layer of rigid foam will be applied to
the outside dome surface along with an elastomer weather barrier. This outer
cover will insulate the silo and reduce thermal expansion and contraction of
the fill foam as well as the cdome concrete structure. Moisture uptake of the
foam is also reduced and the dome structure is protected from environmental
elements. Although the foam cover will add a small amount of weight to the
dome 1id, the compressive and tensile strength of the foam will help bridge

some of the weak spots of the structure.

S7STEM CESCRIPTION

Field production of tne polyurethane foam to be used for this project will

T

involve the mixing and pouring of several components which react and set-up
within 5 minutes of applicatien. The two reaction components, an aromatic
isocyanate and a polyol, along with a fiuorocarbon blowing agent are pumped
through individual hoses to a static mixing chamber located on the butt of a
pour lance. The aromatic isocyanate and polyol are combined in a 1:1 ratio
and the fluorocarbon flow, usually U percent of the total mixzture, is
controlled to maintain the proper density foam. The mixture will begin to
react immediately as it leaves the lance, but will continue to flow and rise
for about 3 minutes after reaching the surface. Drawing No. 303317.A.002

illustrates the polyurethane froth/pour system.
The two reactants are pumped with an air powered pumping unit with two equally

sized proportioning fluid pistons. The fluorocarbon is introduced into the

mixing chamber using nitrogen pressure to push it in. The maximum rate of
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Toam delivery is about 100 pounds per minute. The volume of foam delivered
I5,f¢2 foam, a

“ill vary depending on the density of foam desired. Ffor

V]
AN

T
maximum volume of 50 5:3/min can be expected.
The first step in the procedure will involve application of a fairly even 2
inch thick layer of elastomer. The material will be applied via the manways
2sing the lance with an sxtension. The extension on the lance will be
maneuvered through the manway such that it can be pointed in the desired
Jirecrion by the operator from above the manway. The elastomer will be
applied initially toward the siic wall, quickly working toward the center of
the silo to establish a visible layer on as much surface area as possible.
The operation is repeated for =ach of the four perimeter manways. The center
manway w~ill 2e used only if the center of the silo cannot be reached from the
serimetsr manwavs. Once the initial layer is azpplied. the operator will

rawork Tae surface if n

D

cessary to increase the thickness. Crawing

303317.2.003 shows the arrangement to be used for this operation.

To confirm thorough and even application of elastomer, a remote TV camera
along with adequate lighting will be installed at the center manway. After
applying the initial layer, the surface will be examined thoroughly by camera
and any 2roblem areas noted. The problem areas will be re-worked prior to
sWwitch-over to the next phase. After the touch-up operation, the distance
cetwWeen 2lastomer coating and the come will be determined from various access
zoints ¢n the dome. These measurements will provide a baseline for

determining the thickness of subseguent foam layers.

The rigid foam will be applied on top of the elastomer to a thickness of

18-30 inches. It will be applied in the same fashion as the elas;omer
covering as much surface as possible. The foam progress will be viewed and
directed by remote TV camera. The same operation will be used to apply the
elastomer caulking around the perimeter of the rigid foam layer. Measurements
of distance between the rigid foam surface and the dome Wwill be performed for

determination of foam thickness.

In the next step of the process, flexible foam will be used to fill most of

the silo head space. A void space at the center of the silo will be left
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measuring 20 to 30 feet in diameter and 5 to 3 feet deep at the center of the

Zcme. The flexible
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semi-remote fasnion using
iisposable [lexibl=s hose extensions for the lance. Flexible hose will be
laced in various openings of the dome in an arrangement such that the foam.
{11 the outer edge of the dome znd expand toward the center. Tne foam
iance will be attached to a flexible hose extension and left on the dome as
~he foaming progresses. As the space fills with foam, the lance will be moved
zo other injection points around the dome in a pattern which prevents the
“crmation of void spaces. When the foaming is complete, the flexible hoses
will pe cut off flush to the openings of the dome.

The final core of rigid foam is also applied in semi-remote fashion from the
center manway. Lance extensions will be used to ensure a complete pour with a
minimum of void spaces. Once the foam application is complete, all manways
and other dome openings wWi:l be covered.

The optional outer dome coating will be applied using special spray
equipment. The rigid foam layer will be applied first, working from the
center of the dome toward the perimeter. Once the rigid foam has cured, the

thin elastomer layer can be applied.
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SECTION 5.0
ALARA REVIEW
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5.0 ALARA REVIEW

5.1

5.2

A review of the work being engineered on the K-65 silos was made
from a radiation control standpoint. The following outlines the
assumptions made and the results obtained in this review.

STATEMENT OF WORK

~NOYO AW

In order to minimize releases of radon gas to the environment and

to help structurally support the silo tops, WMCo has decided to insert
a series of foams into the void air space at the top of both silos.
A ventilation system will first be installed that will reduce the
concentration of radon gas in the void air space. Then a two inch
elastomer layer will be poured onto the surface of the residues in
the tank. A two foot thick layer of rigid foam will then be sprayed
in the silos. A "caulking" layer of elastomer will then be applied
around the edges of the two foot thick rigid foam insert. The silos
will then be filled to within two feet of the top in the center with
flexible foam. Finally, the small remaining void will be filled
with rigid foam.

ASSESSMENT

Researching various documents concerning the K-65 silos and discussing
the conditions as assessed by WMCo with project personnel, existing
parameters were assumed for a silo that represents a mean condition.
Table 5.2.1 describes the assumed existing conditions.

By inserting the parameters of Table 5.2.1 into a dose estimating
program, MICROSHIELD®, with the varying elastomer and foam levels,
the dose rate at a point 81 cm above the center point of the idealized
silo was calculated for the following conditions. (For details,
see Appendix).

Existing sludge

Existing airspace

Airspace evacuated, elastomer in place

Air space evacuated, 2' rigid in place

Air space evacuated, 6' flexible in place

A11 foam in place ,

A1l foam in place, new equilibrium of Rn daughters

A summary of the dose rates, both measured currently and calculated
by MICROSHIELD® are given in Table 5.2.2.

In reviewing the draft operating procedures and design criteria for
equipment, equipment placement and shielding placement, the ALARA
considerations given in Table 5.2.3 were used as guidelines. Based
on these dose rates and a review of the draft procedures for foam

installation, a man-millirem budget was calculated and is given as
Table 5.2.4.
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FMPC K-65 Silo Modification PTI (Rev. 1, 20 Aug 87)

The maximm allowable on-site ambient radon concentration is listed in

10CFR20, Appendix B, Table I as 3 x 108 Ci/m3. The following
worst-case meteorological conditions were used to represent a conservative -

estimate of atmospheric dillution (dispersion).

Wind Speed = 0.5 ny/s
Stability Class = F

Dispersion model calculations indicate that the maximum annual average
on-site concentration would occur at a distance of about 450 meters, and
would be 5.31 x 10°0 ci/ms. This concentration is 1less than two
percent (< 2%) of the ambient standard of 10 CFR 20.

The maximum allowable annual off-site ambient radon concentration is
listed in 10CFR20, Appendix B, Table II as 3 X 10 ° Ci/m>. The same
worst-case meteorological conditions were used to represent a conservative
estimate of atmospheric dillution (dispersion).

Dispersion model calculations indicate that the annual average
off-site concentration at the nearest fenceline (700m) would be
3.96 x 10710 Ci/m3. This concentration is 13 percent of the ambient
standard of 10 CFR 20. :
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Addendum To

Engineering Study of The K-65 Storage Silo Radon Mitigation And
Dome Reinforcement Project At The Feed Materials Production Center

Submitted By:

IT Corporation - Nuclear Services
312 Directors Drive
Knoxville, Tennessee 37923
For:

Advanced Sciences, Incorporated
107-F Jefferson Avenue
Oak Ridge, Tennessee 37830

August 31, 1987
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Data sheet for the specification of a fan to provide circulation for
the radon removal system.

1.

2.

10.
11,
12.
13.
14.
15.
16.

Type: Pressure Blower

CFM: 1000 CFM (Nominal)

Static Pressure: 17 inches H20

RPM: 3057

Electrical Power: 3 phase, 60 H,, 230/460 volt, TEFC

Arrangement: (Motor and fan bolted to frame, belt drive w/guard
side inlet, horizontal outlet)

V-Belt/Direct Drive: V-Belt

Vibration Isolators: Not required but can be added.
Discharge Arrangement: Optional

Connection Type: Duct (Standard)

Horsepower: 4.47 bhp, 5 hp motor

Wheel size: 18 in.

5978

Maximum Physical Size: L - 41 15/16 in., W - 16 11/16 in., H = 33 7/8 in.

Construction material: Aluminum housing and wheel for fan; steel base

Recomrended Vendor: Cincinnati Fan and Ventilator Company

Model Number: PB18

*4 week lead time on this item
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Data sheet for the specification of dampers for the radon removal system.
1. Type: Butterfly
2. Size: 8 at 12 in., 4 at 6 in.
3. Operator Type: Marually operated via reach rod
4. Flange Type and Size: Rolled steel angle, 12 in. and 6 in.
5. Lergh of Operator Shaft: Internal diameter of flange + 3 in. X 1 in.
6. Construction Material
- Sleeve: 16 GA STL
- Frame: 11 GA STL
- Blade: 14 GA STL
- Axle: 1/2 in. diam. STL, full length
- Seels: 1) EFT
2) Bar Seal
7. Acceptable Leakage: 3% of rated system flow '(3chm)
8. Recommended Vendor: Americar Warming and Ventilating, Inc.
P. 0. Box 279
1310 Indian Wocd Circle
Maumee, Ohio 423537
419/8¢3-5011

9. Model Numter: VC-561
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Data sheet for the specffication of charcoal filters for radon adsorption
at the K-65 silos.

. 1. CFM: 500/bed

2. Pounds of Charcoal: 1800-1900 ]bs/bed-(4000 1bs. total required)
3. Charcoal Characteristics: Calgon PCB 10x40 (Coconut shell base)
4. Inlet and Outlet Locations: See Drawing B.002

5. Pressure Drop: -Approximately 12 in. H0

€. Maximum Physical Size: 48 in. x 72 in. (See Figure 8.002)

7. Construction Material: Corrosion resistant steel with stainless steel
screen distributor

8. Recommended Vendor: TIGE Corporation
Box 11661
Pittsburgh, PA 15228
412/563-4200
Contact: Don Tigglebeck

9. Model Number: N500 DB

Aprroximately 1 day to manufacture each unit.

o _ 00335



8975

Data sheet for the specification of the dehumidifier for the radon removal
system.

1. Air Flow: 500 cfm/bed
2. Pressure Drop: Approximately 1-2 in. Hy0 per bed
3. Operating Requirements: Dry 90,0C0 ft.3 of air saturated @ 40°F (100% RH)

4. Construction Material: Corrosion resistant steel with stainless steel
screen distributor

5. Maximum Physical Size: 48 in. x 72 in. (See Figure B.002)
6. Type: 4 mesh Du-cal Orierite (Calcium Sulfate filler)

7. Recommended Vendor: Tigg Corporation
Box 11661
Pittsburgh, PA 15228
412/563-4300
Contact: Don Tigglebeck

8. Model Number: N500DB

Approximately 1 day to manufacture each unit.
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