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Frosr: 44 
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To : 0 .  A. Fleming R. W.  Lippencott 
C. E. Gam 
R. L. Gardner R. M. Rogers 
S. L.  Hinnefeld J .  L.  Trujillo 

T. A. Poff 

The purpose o f  this memo i s  t o  request a review of the attached documents 
relating t o  the K-65 Silo Radon Mitigation and Dome Reinforcement Project. 
Although a l l  of the dquments may not  be necessary for your review, I have 
i ncl uded them for completeness . 
Because of the high s i te  priority on K-65 Silo remediation, please complete 
y o u r  review by September 9 ,  1987 and cal l  me so t h a t  I may pick u p  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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f l  From: R. A.  Vogel 

Dale: May 2, 1988 

WMCO: SR( WR) : 88- 163 

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 2otential 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 o f  both flexible 
and rigid foams, with the consensus of opinion that in our application rigid 
foam may be more o f  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 limitation 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 tNe academic sector, and an applicator familiar with the silos (from 
having applied the external foam to the silos). There were also comnents made 
by a systems house representative (a systems house is the industry link 
between the manufacturer and the appl icator) . 
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A f t e r  a p e r i o d  of review, comments were rece ived  from these i n d u s t r y  
representatives. There was again a consensus o f  op in ion from the i nd i v idua ls  
i nvo l ved  regard ing a p p l i c a t i o n  as t h e  most l i m i t i n g  aspect o f  t he  proposed 
foaming pro ject .  This was due t o  the fact  t h a t  method and r a t e  o f  app l i ca t i on  
c o n t r o l s  most of t he  p o t e n t i a l  va r iab les  o f  t h e  foaming process. It 
immediately e f f e c t s  t h e  q u a l i t y  of t h e  foam u n i t  c o n t r o l l i n g  volume, 
p o t e n t i a l l y  causing vo ids and b r i d g i n g  over i f  app l i ed  too r a p i d l y  o r  
i n c o n s i s t e n t l y .  It i s  d i r e c t l y  r e l a t e d  t o  t h e  exothermic p o t e n t i a l  o f  t h e  
foam, too  f a s t  an a p p l i c a t i o n  r a t e  w i l l  r e s u l t  i n  more heat  being generated 
than can be d i ss ipa ted .  (This  i s  e s p e c i a l l y  r e l e v a n t  t o  t h e  enclosed s i l o  
environment.) The method and r a t e  of app l i ca t i on  a lso defines the volume o f  
expansion be fo re  cu r ing .  (Volume changes a f t e r  c u r i n g  a re  a d i f f e r e n t  
phenomenon.) As a r e s u l t ,  i n  order  t o  c o n t r o l  t h e  exothermic p o t e n t i a l  and 
the  p o t e n t i a l  f o r  excessive expansion, a p p l i c a t i o n  must be a p r e c i s e l y  , 
cont ro l  1 ed process. 

Most  comments resu l ted  from the unique r e s t r i c t i o n s  t o  app l i ca t i on  w i t h i n  the 
s i l o s .  Many o f  these were based on the i n a b i l i t y  t o  e n t e r  t he  s i l o  i t s e l f .  
As most appl i c a t i o n s  invo lve an appl i c a t o r  i n  c lose p rox im i t y  t o  the area t o  
be foamed, the re l i ance  upon a video system f o r  v i sua l  contact  presents unique 
problems. A comment from an a p p l i c a t o r  focused on one o f  these. He s t a t e d  
t h a t  heat r i s i n g  from the  foam as i t  was being app l i ed  would resemble heat  
r i s i n g  from a roadway on a ho t  day. His concern was t h a t  t o  r e l y  on the video 
system f o r  t h e  v i s u a l  cues necessary t o  c o n t r o l  a p p l i c a t i o n  would be 
questionable when considering these heat waves. 

A comment from a l a r g e  manufacturer o f  foam m a t e r i a l s  prov ided a d i f f e r e n t  
perspect ive.  He f e l t  t h a t  due t o  the  conf ined na tu re  of t he  a p p l i c a t i o n  
w i t h i n  the s i l o s ,  water vapor and fluorocarbons would form what he described 
as a dense fog. Another comment from the  systems house rep resen ta t i ve  
expanded on t h e  concept. He f e l t  t h a t  t h e  water vapor would q u i c k l y  become 
s team due t o  t h e  heat generated by the process. He a l s o  was concerned t h a t  
even without these obst ruct ions t o  c lea r  v is ion,  i t  would be d i f f i c u l t  using 
the video camera t o  perceive the subt le  co lo r  s h i f t s  which i n d i c a t e  changes i n  
the cur ing process. 

Most comments regard ing a p p l i c a t i o n  focused on t h e  d i f f i c u l t y  o f  apply ing a 
continuous l a y e r  of foam over  so l a r g e  o f  an area cons ide r ing  the  l i m i t e d  
access t o  the s i l o s  (manways). There i s  the problem of reaching those areas 
ou ts ide  o f  t h e  foam c i r c l e  o f  a p p l i c a t i o n  which can be t r a n s c r i b e d  from t h e  
f o u r  manways. This  p o i n t  was made by an a p p l i c a t o r  who suggested t h a t  a 
te lescoping extens ion t o  t h e  a p p l i c a t o r  wand might  be a s o l u t i o n  t o  t h i s  
d i f f i c u l t y .  As t h e  l e n g t h  and weight o f  t h e  a p p l i c a t o r  wand a t  present a r e  
such t h a t  i t  i s  d i f f i c u l t  t o  handle, e s p e c i a l l y  through t h e  conf ines o f  t h e  
manways, there remains a question about the degree o f  p rec i s ion  o f  app l i ca t i on  
possible with such a system. 
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The degree of precision of application which is necessary to control 
exothermic potential and expansion is definable. The temperature 1 imit which 
has been recommended to be maintained is 25OoF. at maximum, preferably 225OF. 
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 Seen 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. A1 though 
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 o f  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 w i l l  be necessary to maintain no more than .067 inches of component 
application thickness. The significance of these numbers is that considering 
the visual limltations mentioned above as well as the cumbersome nature o f  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 
hand1 ing system was suggested to overcome the visual difficulties mentioned 
above. This system would have an added benefit o f  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 o f  the dome and sidewall are 
considered. There is also the limited benefit o f  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 o f  installation, a 
potential problem associated with temperature monitoring is the possibility o f  
obstruction to movement o f  the application tool. As it is the primary method 
of determining appl ication rate, however, it should be considered essential if 
foaming is chosen as an alternative. The other frequently mentioned 
suggestion was the use o f  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 o f  
the mass o f  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 o f  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 recomnended mock-up test would provide the 
basis for these specifications. 

RAV/ ksv 

cc: S. W. Helsler 
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SECTION 1,O 
EXECUTIVE SUMMARY 



1.0 EXECUTIVE SUMMARY 

I T  Corporation, 3s a subcontractor t o  ASI,  has prepared a functional design 
package for the ):?duction of radon from the a i r  space of two s i los  i 'n the K-65 
area of the Feec '*laterial Production Center located in Fernald, Ohio. I T  has 
also developed an application approach and functional specification for f i l l i n g  
the a i r  spaces in the s i los  with polyurethane foam. Fil l ing with foan reduces 
the probability of radon release t o  the atmosphere and provides structural  
support t o  the roof. 

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

Radon '.cction i s  t o  be accomplished i n  a system designed t o  remove 1000 cfm of  
'r frLi,q :. s i l o  and pass i t  through a calcium sulfate  dehumidifier and activated 
,-!--a. The Fadon i s  retained on the carbon and the a i r  with a reduced radon 
con:..: .? t ioi .  kurned t o  the s i lo .  Specially fabricated manw=./ adapters !r- i 1 
be USG I prz) ; .x  connections for the ventilation system. Up CJ ten A i r  space 
volumes i l  be passed through the carbon adsorption system t o  reduce radon t o  a 
target of 1 Ci in the s i lo .  Any concentration below 4 C i  i s  acceptable. Sec- 
tion 3.0 of t h i s  report presents a description of t h i s  system and a narrative on 

i t s  operation. Speci c a t i c  i for equipment t o  be purchased, and ' i i s ta l la t ion,  
t e s t i  ng and operati ng procedures are i ncl uded. Drawings devel oped t o  support 
the design and u t i l i t i e s  l i s t s  are also included. Because meeting the desired 
operational schedule requires the purchase of off-the-shelf items , a vendor 1 i s t  
has been provided for system components. 

Foam application i s  t o  be accomplished using a system supplied by an applica- 
t ions service vendor. Section 4 .0  of t h i s  report presents a description of the 
vendor's system and a narrative on i t ;  Gperation. Functional specifications for 
equipment t o  be suppl i ed by the vendor and operati ng  and a p p l  i cat ion procedures 
are included. Because of schedule constraints,  a suggested vendor has been 
indicated even t h o u g h  a vendor l i s t  has been provided. 
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I n  addition t o  these design packages, supporti ng documentation has a1 so been 
provided. Section 5.0 provides a t o x i c  chemical review. This review indicates 
potenti a1 chemi cal hazards and a means of mi t i  gating 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 t h i s  report. The ALARA review has 
evaluated t h e  work scope t o  be performed and recommended methods of reducing 
exposure of workers. The anticipated man-rem exposure for  work t o  be performed 
on the project i s  15.26. 

Because the s i los  will require openings t o  be exposed t o  the atmosphere fo l low-  
i n g  radon reduction, an assessment of the impact of the foaming application on 
a i r  q u a l i t y  has been made. This a i r  quality assessment has been made a part of 
th i s  report, and i s  included as Section 7.0. 

Prior t o  proceeding with the installation of equipment and f i n a l i z i n g  operation- 
a l  procedures t o  accomplish the work proposed, a permit must be obtained from 
the Ohio EPA. A Permit To Install ( P T I )  document has been prepared for sub- 
mit ta l ,  which is made a part of th i s  report as Section 8.0. 0 
An appendix i s  included as a part o f , t h i s  report. I t  contains copies of refer- 
ence material obtained t o  support the design basis for the radon reduction sys- 
tem and the foam application. 

I t  i s  the intention of t h i s  report t o  provide complete response t o  a l l  aspects 
of  the scope of work outlined for th i s  project. The functional aspects of sys- 
tems required t o  perform the work are presented i n  adequate detail t o  allow the 
radon reduction and foam application t o  be performed in accordance with the 
October 1987 schedule. 

D85X RPT-1 
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2.0 INTRODUCTION 

This  r e p o r t  p resen ts  t h e  r e s u l t s  o f  an eng ineer ing  and des ign  e f f o r t  performed 

t o  achieve s e a l i n a  o f  t h e  a i r  space and support  o f  t h e  domes o f  t h e  two K-65 
s to rage  s i l o s ,  Razon r e d u c t i o n  i s  t o  be c a r r i e d  ou t  p r i o r  t o  opening t h e  s i l o s  

f o r  i n t r o d u c t i o n  o f  po l yu re thane  foam m a t e r i a l .  The foam, placement w i l l  sea l  

t h e  su r face  o f  t h e  rad ium-bear ing s ludge i ; .  the s i l o s ,  which through r a d i o a c t i v e  

decay i s  c o n t r i b u t i n g  t h e  radon t o  t h e  ai;- space. The foam w i l l  a l s o  p r o v i d e  

s t r u c t u r a l  suppor t  f o r  t h e  conc re te  r o o f  domes o f  t h e  s i l o s .  Engineer ing a n a l y -  

s i s  has i n d i c a t e d  t h a t  l i t t l e  s t r u c t u r a l  i n t e g r i t y  remains i n  c e n t e r  p o r t i o n s  o f  

t hese  roo fs .  The foam w i l l  h e l p  suppor t  them u n t i l  t h e  5 .  os and con ten ts  a re  

removed f o r  f i n a l  d i s p o s a l  i n  3 t o  5 years.  This  a p p l i c a t i o n  i s  cons iderc bes - 
a v a i l a b l e  techno logy  s u p p o r t i n g  t h e  p r o j e c t  scope o f  work. 

The eng ineer ing  and des ign  e f f o r t  i s  in-ended t o  sappor t  d p r o j e c t  performance 

d a t e  o f  October 1987. I n  orcG:- t o  meet s u p p l i e r  d e i i v e r y  .:hedules, it has been 

necessary t o  i d e n t i f y  s tandard components which a r e  s tock  o r  s h e l f  i tems Nh ich  

can be assembled i n t o  f u n c t i o n a l  u n i t s .  The design p rov ides  f u n c t i o n a l  d e t a i l s  

o f  these i tems f o r  f i e l d  assembly t o  accompl ish t h e  radon ?duct ion.  F o l l o w i n g  

t h i s ,  a vendor w i l l  app ly  t h e  foam i n  t h e  s i l o s  as a s e r v i c e .  
0 
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SECTION 3,O 

RADON SYSTEM 



SYSTEM DESCRIPTION 
?ADON REMOVAL SYSTEM 

1.0 OBJECTIVE 

The o b j e c t i v e  of t h i s  document  is t o  d e s c r i b e  a s y s t e m  t o  be  i n s t a l l e d  t o  

remove r adon  g a s  from t h e  vapor  s p a c e  of two s o l i d  waste s i l o s  located a t  t h e  

Feed Materials P r o d u c t i o n  C e n t e r  i n  F e r n a l d ,  Ohio .  A d e s c r i p c i o n  o f  t h e  

f u n c t i o n ,  s i z i n g ,  arid o p e r a t i o n  o f  t h i s  s y s t e m  is p r o v i d e d .  The r adon  

r e d u c t i o n  s y s t e m  s u p p o r t s  a l a r g e r  program t o  be carr ied o u t  on t h e  s i l o  vapor  

s p a c e .  Once radon c o n c e n t r a t i o n s  have  been  r e d u c e d ,  s i l o  o p e n i n g s  w i l l  b e  

employed t o  c o m p l e t e l y  f i l l  t h e  p r e s e n c  vapor  s p a c e  w i t h  a p o 1 : x r e t h a n e  foam 

material which w i l l  seal  t h e  s i l o ,  p r e v e n t i r :  l e a k a g e  o r  re lease of r adon  g a s  

t o  t h e  e n v i r o n m e n t .  

2 .0  SCOPE 

The radon s y s t e m  t o  be  s u p p l i e d  is c o m p l e t e  and ca+isle o f  s t a n d - a l o n e  

operE. t i?n  w i t h  n o t h i n g  more t h a n  e l ec t r i ca l  s u p p l y  i n  s u p p o r t  o f  o p e r a t i o n s .  

The s y s t e m  is a t empora ry  u n i t  d e s i g n e d  fo r  an  o p e r a t i n g  l i f e  of  5 y e a r s .  To 

&‘?e e x t e n t  p o s s i b l e ,  t h e  components  s e l e c t e d  f o r  u s e  on t h e  s y s t e m  a re  

c l ? - t h e - s h e l f  m a n u f a c t u r e r s  s t a n d a r d .  

3 .0  DEFINITIONS 

3.1 DEHUMIDIFICATION 

P r o c e s s  fo r  t h e  removal  of m o i s t u r e  from a i r .  I n  t h e  p r e s e n t  a p p l i c a t i o n ,  i t  

is assumed t h a t  t h e  a i r  i n  e q u i l i b r i u m  w i t h  s l u d g e  i n  c l o s e d  s i l o s  is 

s a t u r a t e d  w i t h  m o i s t u r e  a t  t h e  p r e v a i l i n z  g a s  t e m p e r a t u r e  (100 p e r c e n t  

r e l a t i v e  h u m i d i t y ) .  A d e v i c e  c o n t a i n i n g  t h e  d e h u m i d i f i c a t i o n  a g e n t  c a l c i u m  

s u l f a t e ,  is p l a c e d  i n  t h e  l i n e  t o  react w i t h  m o i s t u r e  and  r e d u c e  t h e  

c o n c e n t r a t i o n  p r e s e n t  i n  t h e  a i r .  

3.2 CARBON ADSORPTION 

The p r o c e s s  of a s s i m i l a t i n g  a s u b s t a n c e  s u c h  as radon  p r e s e n t  i n  a g a s  stream 

0 on a s o l i d  c a r b o n  m a t r i x  t h e r e b y  e f f e c t i v e l y  c o n c e r t r a t i n g  t h e  r a d o n , i n  t h e  

s o l i d  p h a s e  and  removing i t  from t h e  r e c i r c u l a t e d  ; ss .  
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4 . 0  DESCRIPTION 0 
The radon removal  s y s t e m  is d e s i g n e d  w i t h  t h e  f o l l o w i n g  components :  

4 . i  SUCTION CONNECTION 

Each s i l o  c o n t a i n i n g  r adon  g a s  t o  b e  p r o c e s s e d  c a n  be t h o u g h t  of as a c l o s e d  

c o n t a i n e r  w i t h  r adon  i n  t h e  g a s  s p a c e  i n  e q u i l i b r i u m  w i t h  rad ium i n  t h e  

s l u d g e .  The g a s  must  be  removed from t h e  s i l o  t h r o u g h  a v a i l a b l e  

c o n n e c t i o n s .  The s i l o s  have  f i v e  manways s u i t a b l e  for t h i s  p u r p o s e .  Each 

manway is 20  i n c h e s  i n  d i a m e t e r  and is p r e s e n t l y  c l o s e d  w i t h  a f l a n g e d  and  

b o l t e d  c o v e r .  I t  is p roposed  t o  modi fy  t h e  manway c o v e r s  a t  t h e  t o p  of t h e  

s i l o s  w i t h  new c o v e r s ,  e a c h  c o n t a i n i n g  a 6 - i n c h  d u c t  t y p e  c o n n e c t i o n .  

d e t a i l s  of  t h i s  f i x t u r e  are shown i n  s k e t c h  " A "  on  Drawing 303317.A.001.  

S u c t i o n  w i l l  be  t a k e n  from two of t h e s e  6 - i n c h  c o n n e c t i o n s .  The two 

c o n n e c t i o n s  w i l l  a t t a c h  t o  a 12-inch s u c t i o n  h e a d e r  which d i r e c t s  flow t o  t h e  

radon removal  s y s t e m .  

The 

4 .2  SYSTEM CONNECTIONS 

.The s u c t i o n  l i n e  f o r  t r a n s p o r t  of g a s  from t h e  s i l o  s u c t i o n  c o n n e c t i o n s  w i l l  
4 0  - 

be 12- inch  d i a m e t e r  and  w i l l  be  r o u t e d  as shown on Drawing 303317.C.01. 

4 . 3  RADON REMOVAL SYSTEM 

4 . 3 . 1  D e h u m i d i f i c a t i o n  

M o i s t u r e  removal  is accompl i shed  by p a s s i n g  t h e  g a s  removed from a s i l o  
t h r o u g h  v e s s e l s  l o a d e d  w i t h  c a l c i u m  s u l f a t e  which reacts w i t h  m o i s t u r e  i n  t h e  

a i r ,  t h e r e b y  a c c o m p l i s h i n g  t h e  r e q u i r e d  m o i s t u r e  ;removal. Fo r  t h e  s y s t e m  

s u p p l i e d ,  t h e  c a l c i u m  s u l f a t e  is l o a d e d  i n  two c a n i s t e r s .  The c a n i s t e r s  are  

48 i n c h e s  i n  d i a m e t e r  by a p p r o x i m a t e l y  72 i n c h e s  h i g h .  Flow e n t e r s  t h e  bot tom 

of t h e  bed t h r o u g h  a flow d i s t r i b u t o r  and  e x i t s  from t h e  t o p  of t h e  

c a n i s t e r .  
sys t em is t h e r e f o r e  d e s i g n e d  t o  t rea t  up t o  1000 cfm. 

Each c a n i s t e r  is c a p a b l e  of p r o c e s s i n g  up  to  500 c f m  of a i r .  The 

4 . 3 . 2  Carbon A d s o r p t i o n  

Radon is c o l l e c t e d  on a c t i v a t e d  c a r b o n .  The c a r b o n  is l o a d e d  i n  c a n i s t e r s  

similar t o  t h o s e  u s e d  i n  d e h u m i d i f i c a t i o n .  Because  t h e  48- inch  by 72 - inch  a - 
c a n i s t e r s  are r a t e d  a t  500 cfm, p r o c e s s i n g  would n o r m a l l y  be  a t  500 cfm 

. .  
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through one canister. The desired process rate of 
operation of two canisters in parallel. Processing 
::.Let and 1::i: -et radon concentrations indica ,:arb 

0 000 cfm is achieved by 
would be carried out until 
n capacity is being 

ap?roached. Calculations indicate flow wil : diverted through additional 
canisters in sequence during the air recircclacion operation to achieve 
required reduction of radon from 37.4 Ci to about 1 Ci in the recirculated 
52s. Four -.rains of carbon beds are provided to achieve required adsorption 
capacity . 

4.4 FA?: 

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 environment. 
fan returns the air to the silo(s). The.return line is 12 inches in diameter 
from the fa:: discharge to the s , l o  dome. At the silo dome, the 12 inch line 

- 

After passing air through the adsorption process the 

0 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 ire isolated. Isolation is accomplished through the use of isolation 
daxpers located at the inlet of the carbon units. The dampers selected nust 
be capable of operation with reach rods and desig'ned with bar seals or  EPT 
seals which lihik, air leakage. 

4.6 INSTRUMEN'I:*.IION 
Process control is accomplished using on-line monitoring of radon gas 
concentracions. 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 RCM-2 Radon Gas 
Monitor or e q u 2 i .  

NEW:DH-2(3) 



5.0 DESCRIPTION OF OPERATION 
The radon removal system is designed to operate at up to 1000 cr̂ m 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 s i l o  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) 

0 
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 
air 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 
from air spaces tended 
effective. Based on a 
37.4 Ci, and 10 volume 

space of the silos. Literature data on Radon removal 
to supFort carbon adsorption as being the most 
system airflow of 1000 cfm, an initial curie content of 

0 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-2le ;:.--:-foaming level is 4 Ci. The :otal 71oui-L; of 
carbon required to "hold" 36.4 C i  (based on target curie conr.?nt) ~ S C  - na ted 

at 4000 lbs. The selected carbon bed arrangement f o r  radon removal uses two 
beds sized f o r  500 cfm operated in parallel to process 1000 cfm. Four trains 
o f  carbon beds are provided to achieve the required adsorption capacity. 

Radon adsorption onto thv 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 assi;r;ption that the relative 
numidiLy OF the air in each silo is 100 percent Z L  40 degrees F. 

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

0 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 

uCie'o20 
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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 0 
7 . 2  X lo5 pCi/L for s i l o  1 and 
terminating the radon removal process and beginning the foaming process. 
Levels of 3.1 X lo6 pCi/L for silo 1 and 4 X 10 
maximum allowable concentrations prior to beginning the foaming process. 

9.1 X lo5 PCi/L for silo 2 will justify 

' 6  pCi/L for s i l o  2 are the 
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SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65.SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1 . O  SCOPE 

1.1 
system as described herein. 
removal, carbon adsorption for radon removal, and c' .in for -?cir;Jlatin. :he 
air being treated. The carbon adsorption units sh;'.: 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 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

0 least 80 percwc is required to ensure reduction of the radon level to below 1 

Ci I;: each si13 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 sc-; l l  furnish a suitably sized humidity reduction unit 

to treat a flow of L : *  1000 cfr. The unii should be sized to treat a total 
of 1,500,000 ft3 of air saturated with water vapor at 40°F. 
reduction unit should employ calcium sulfate as the removal media and reduce 
relative humidity of the recirculated air below 40 percent. 

The humidity 
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2.2 RADON REMOVAL - CARBON ADSORBER 0 
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 'cfm. 

2.2.2 Carbon adsorption units must be sized to reduce the radon content of 
37.4 Ci contained in each of two silos. 
radon in equilibrium) of silo 1 is 48,700 ft3 and s i l o  2 is 38,700 ft3. The 
final targeted concentration of radon in the s i l o s  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. 

The volume (air space with 37.4 Ci of 

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 f o r  Purchaser's evaluation. 

0 

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 
480 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. 



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 limit 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 o r  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 

0 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 o r  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 o r  flexible duct. Contractor is to specify duct 
work material for Purchaser’s review and approval. / 

2.6 ELECTRIC MOTORS 

2.6.1 Motors shall be totally enclosed, non-ventilated, construction and 
manufactured by General Electric, Westinghouse, Allis-Chalmers, o r  other 
Purchaser approved Supplier. 
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 f o r  outdoor 
installation in southern Ohio. Motors shall conform to the requirements of 

Motors above three horsepower shall be for 480 

~ ( , J U O O . ~ ~  
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current SEEE and NEMA Standards covering such motors. a 5915  

2 . 6 . 2  All instrumentation shall be subject to the approval of the Purchaser. 

2 . 7  COMPONENTS IDENTIFICATION 

2 .7 .1  A l l  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 p r i o r  to 
shipment of material to the site. 

2 . 8  SHIPPING POINT 

2 .8 .1  All materials and systems will, be shipped to the Purchaser's plant 
site. 0 
2 .9  DELIVERY 

2 .9 .1  

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

.._ 
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SPECIFICATION FOR FABRICATED MANWAY ADAPTERS 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1.0 scorn 

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

The manway adapters shall be fabricated of materials as specified on 

2.0 MANWAY ADAPTERS 0 
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.A.001. The plate shall be 26 inch 
in diameter and shall contain 20-3/11 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. 
schedule 10s carbon steel can be supplied as an acceptable substitute. 

The drawing calls for the use of T304 stainless steel 

2.3 
welded to the 6 inch pipe assembly as shown on drawing 303317.A.001. 
elbow shall be of the same material as the pipe. The top of the manway plate 

The Contractor shall provide a 6 inch - 90" close radius elbow butt 

This 

shall be stamped to mark the direction of the outlet of the elbow. 0 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. 
damper arrangement are shown on attached vendor data. 

Details of the 

2.5 The Contractor shall fabricate the temporary manway adapters using good 
.ommerc 

white metal finish, primed, and painted. 

I practice. A l l  carbon steel surfaces shall be grit blasted to ;i 

2.6 SHIPPING POINT 

2.6.1 
site. 

The temporary manway adapters shall be shipped to the Purchaser's p:nt 

2.7 DELIVERY 

2.7.1 Deliver- :he ec:. mer t o  the Purchaser's plant shall be on or about 
September 3 0 , i  : 

NEW:DH-12(4) 
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1.0 SCOPE 

1 . 1  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. 

2.0 RADON MONITORING INSTRUMENT 

2 . 1  Detector - The radon monitoring instrument shall have a one-liter metal 
enclosed detector which is coated on the inside with zinc 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 pCi/l. The background of a new detector shall not exceed 0.25 pCi/l 
and shall be automatically subtracted from indicated and recorded 
measurements. 

2.2' Microcomputer - The radon monitoring instrument shall have a 
microcomputer capable of  providing the following: 

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 

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. 

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

NEWZDH-11 
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2.4 High Voltage - The radon monitor shall have voltage regulated and 

adjustable 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 Voltage 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,  50160 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  (-18OC to 45°C). The unit shall also be 0 
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 materia 
items shall be marked with proper identification by the 
Supplier in orde; that there shall be no confusion when 
packages arrive on site. Material lists shall be suppl 
Purchaser prior to shipment of instruments to the site. 

s lists. All 
Contractor o r  his 
the instrument 
ed to the 

C 
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Shipping Point - All material shall.be shipped to the Purchaser"s plant 
site. 

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

3.0 Recommended Instrument - Eberline model RGM-2 or quivalent. 

NEWZDH-11 
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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. 
a process system designed for radon removal. 
used as a control house where electrical equ pment and control and recording 
instrumentation will be located. 

One building will be used to provide a weather cover for 
The second structure will be 

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 portable 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 
6" pressure treated base timbers. 
supplied concrete pad. 
floor or other internal bracing once properly erected. 

The Contractor shall supply the portable building constructed with 4 "  x 
The timbers will rest on the Purchaser 

The building provided shall be constructed with no 
The Contractor shall 

brace the structure halfs as required for structural integrity during 
shipping. 



e 2 . 1 . 3  The C o n t r a c t o r  s h a l l  employ 2" x 4'' x 8 '  f r a m i n g  material f o r  s i d e  

walls and  s h a l l  be s p a c e d  no more ti- . 24 i n c k s  on c e n t e r s .  

2 . 1 . 4  

t r u s s  d e s i g n  o r  o t h e r  s u i t a b l e  s t r u c t u r a l  d e s i g n .  

l u s t  be  c z z s i d e r e d  i n  t h e  d e s i g n .  

The C o n t r a c t o r  sha l l  p r o v i d e  r o o f i n g  s u p p o r t  c o n s t r . : e d  w i t h  2" x 4" 

Snow 10;; fo r  s o u t h e r n  Ohio 

2 . 1 . 5  

aluminum materials d e s i g n e d  f o r  t h i s  s e r v i c e .  The aluminum s u p p l i e d  s h a l l  be 

a t  l ea s t  0 .021  i n c h  i n  t h i c k n e s s  and  a p p l i e d  and  fostered i n  a c o m m e r c i a l l y  

a c c e p t a b l e  manner .  

The C o n t r a c t o r  sha l l  c o v e r  t h e  r o o f  and s ides  o f  t h e  b u i l d i n g  w i t h  

2 . 1 . 6  I n  t c c o r d a n c e  w i t h  t h e  attachec. d rawing  3C13317.M.001, t h e  b u i l d i n g  

211 c o n t a i n  a d o o r  wh ich  s h a l l  be located as shown. The d o o r  s h a l l  be o f  

._ .,.card d e s i g n  f o r  o u t d o o r  use and s ized  a t  4 . 0  x 6.8. 

e 2 . 1 . 7  The C o n t r a c t o r  s h a l l  c o n s t r u c t  t::e b u i l  . ~ n g  i n  two hal.;ss o f  a nomina l  

1 1 '  x 2 4 '  s i z e .  The C o n t r a c t o r  s h a l l  d e l i v e r  :ne b u i l d i n g  h a l v e s  t o  t h e  j o b  

s i t e  and  p l a c e d  a s  shown i n  d rawing  303317.M.001. 

2 . 1 . 8  After t h e  C o n t r a c t o r  h a s  l o c a t x i  t h e  b u i l d i n g ,  h e  s h a l l  a t tach  b u i l d i n g  

h a l v e s  and  pe r fo rm any  l e v e l i n g  r e q u i r e d .  

2 . 1 . 9  Ti-:? d e s i g n  l i f e  of  t h e  b u i l d i n g  s h a l l  be  5 y e a r s  and  materials and  

workmanship n o t  s p e c i f i e d  i n  d e t a i l  i n  t h i s  document s h a l l  be s u i t a b l e  f o r  

t h i s  b u i l d i n g  l i f e  c o n s i d e r i n g  t h e  env i ronmen t  i n  S o u t h e r n  Ohio .  

2 . 2  C o n t r o l  B u i l d i n g  

2 . 2 . 1  The C o n t r a c t o r  s h a l l  

d i m e n s i o n s  which are 10' x 

c o m p l e t e  s t r u c t u r e  and  fabr 

s u p p l y  2 Dortable b u i l d i n g  w i t h  i n s i d e  

4 ' .  Th, i i l d i n g  s h a l l  be  c o n s t r u c t e d  

cated f o l i o w i n g  s p e c i f i c a t i o n  items 2 .  

open  

as  a s 
. 2 ,  2 .  

ng l e  

- 3 ,  

e 2 . 1 . 4 ,  2 . 1 . 5 ,  2 . 1 . 6 ,  and  2 . 1 . 7 .  I f  C o n t r a c t o r  s t a n d a r d  c o n s t r u c t i o n  i n c l u d e s  

a b u i l t - i n  f l o o r ,  i t  shall b e  p r o v i d e d  w i t h  t h i s  b u i l d i n g .  



2.2.2 After delivery and placement of the building, the Contractor shall 
perform any leveling required. 

2.3 Component Identification 

2.3.1 A l l  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. 
shipment of the building to the site. 

Material lists shall be supplied to the Purchaser prior to 

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 o r  about 0 September 30, 1987. 

NEW :'DH-7( 5) 



1.0  Foam O p e r a t i o n  

Air Compressor 

2 . 0  Radon Removal 

Fan and  S p a r e  

Radon I n s t r u m e n t s  
( 2 )  

L i g h t i n 2  
(1000 W) 

S p a r e s  
(500 W) 

Ut i l i t i e s  List 

60 - 100 g a l l o n s  d i e s e l  

480  V o l t ,  3 p h a s e ,  60 Hz, 10 S h p ,  1SOA 
s t a r t i n g  
Rated kVA = J 3  * 480V * 300Aii000 

= 250 kVA 

110 Volt ,  60 Hz 
1000 VA/1000 = 1 . 0  kVA 

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

T o t a l  kVA -252 kVA 

NEW: DH- 13 
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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 
Mystic, CT 06355 

Purefil, Inc. 
P.O. 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.O. Box 2108 
Santa Fe, NM 87501 

NRC Industries 
Division of Nuclear Research Corporation 
125 Titus Avenue, P.O.  Box H 
Warrington, PA 18976 

000046 
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Fans 

Phelps Fan Manufacturing Company, Inc. 
P.O. Box 9588/9417 New Benton Highway 
Little Rock, A R  72219 

Hertzell Fan, Inc. 
Piqua, OH 45356 

Portable Buildings 

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

Foam Applicators 

F c e m  Enterprises, Inc. 
' .O Watertower Circle 

.?apolis, MN 55441 

3rn Foam Systems, Inc. 
7dwin Street 
$?port, CT 06607 

Communication Specialists, Inc. 
3044 Sutherland Avenue 
Knoxville, TN 

NEW: DH- 10 
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SECTION 4,O 

FOAM APPLICATION 
I 
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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 M r .  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 VMO9 is a monitor that mates very easily 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 o f  the camera. 
proper lighting fixtures. 

Contact Remote Ocean Systems for 
(Spare lights recommended. ) 

NEW :DH-14 
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1.5 PAN AND TILT 
The pan and tilt mechanism is critical to the viewing capability of the 
camera. It should provide a pan of 360" and tilt of 90".  

1.6 VENDORS 

Power Supplies 
Monitors 

Lighting 
Pan and Tilt 

Photosea Systems, Inc.* 
6377 Nancy Ridge Dr. 

Attn: Mr. Tom Olkowski 
Phone: 619-452-8903 

Remote Ocean Systems* 
5111 Santa Fe St., Suite L 
San Diego, CA 92109 

Attn: Mr. Bob Acks 
Phone: 619-483-3902 

1.7 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. e 2.0 COMMUNICATIONS 

2 .1  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. 

2.2  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. e 

. . - .  

NEW :DH- 14 



2.2.2 G . E .  model P5F58 porcable radios have the required features and are 
readily available for this project. 

2.2.3 VENDOR 

2.2.3.1 Communlcation SI;: lalist: Inc. 
3044 ,C .)‘:herland dnue 
Knoxv- .le, TN. 

I 

000055 
NEW :DH- 14 



Westinghouse Materials [Page 1 o f  11 - 5 9 7 5  

PRODUCTION 
OPERATIONS 

- 
Company of Ohio - FMPC IPage Revision Date: 

~~ 

Title: Procedure For Application of SOP - 303317-02 
Polyurethane Foam Tar K-65 

PROCEDURE Silbs Plant: 

REFERENCES 

Authorization: Supersedes: None 

"Properties of Rigid Urethane Foams," Freon Product Information BA-13, E. I .  
DuPont De Nemours & Co. ( Inc. . 

Issue Date: 
August 20, 1987 

Grumski, J. T., "K-65 Storage Silo Radon Mitigation and Dome Reinforcement 
Study, Conceptual Design Report", Westinghouse Materials Company of Ohio, 
Waste System Engineering, May 13, 1987. 

Foam Enterprises, Inc., "MG2-B Rigid Urethane Barge Foam Industrial Flotation" 
technical data sheet. 

Foam Enterprises "Technical Data Sheet for FE 7053," 8/7/87. 

"Tests of Polyurethane Foam; Material, Equipment, and Procedure Evaluation" 
Twin City Testing and Engineering Laboratory, Inc., June 3, 1977. 

Foam Enterprises, Inc., Excerpts from a question and answer session between 
Dennis Holbert, a Nigeria, Africa Customer, and their consulting engineer, 0 
May 1977. 

Foam Enterprises Research, Inc., Letter directed to Dr. Harmer of IT 
Corporation from David C. Dressel of Foam Enterprises, Inc., July 30, 1987. 

"Toxic Chemical Review for Polyurethane Foam System" prepared by IT 
Corporation f o r  Advanced Sciences Inc., August 12, 1987. 
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DEFINED SAFETY SYSTEMS INVOLVED: - YES X NO 

Page 2 o f  11 
Page Revision Date: 

1 .  DESCRIPTION OF EQUIPMENT AND OPERATION 

PRODUCTION Title: Procedure For Applicacion of 
OPERATIONS Polyurethane Foam Tar K-65 
PROCEDURE Silos 
Authorization: ISupersedes: None 

1 . 1  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. 
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 cleaning out foam 
reactants, and compressed air for pump operation and blowing solvent out 

of the lance. 

The foam components 

e 

e SOP - 303317-02 

Plant: 
Issue Date: 
Auaust 20, 1987 

1.2 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: 

1.2.1 Elastomer precoat - An initial layer of special elastomer will be 
applied. 
surface for application of subsequent foam layers. 

This layer will attenuate radon and will provide a primer 

1.2.2 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) 



PRODUCTION 
OPERATIONS 
PROCEDURE 

radon attenuation. 

Title: Procedure For Application of SOP - 303317-02 
Polyurechane Foam Tar K-65 
Silos Plant: 

1.2.3 Elastomer caulking - A second application of elastomer is performed 
around the border of the rigid foam layer for extra sealing assurance. 

Authorization: Supersedes: None 

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. 

Issue Date: 
August 20, 1987 

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 outer 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/thaw 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. 
the foam fill, random escape should be virtually eliminated. 

After 

3. INDUSTRIAL HEALTH AND SAFETY REQUIREMENTS 

3.1 Normal process clothing and safety glasses shall be worn at all times. 0 
NEW:DH-16(3) 
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Westinghouse Materials 

PRODUCTION Title: Procedure For Application of 
OPERATIONS Polyurethane Foam Tar X-65 

SOP - 303317-02 

PROCEDURE 

3.2 Chemiral goggles and chemical resistant gloves will be worn when working 
on o r  ,out hoses or pumps containing foam components. 

silos Plant : 

3.3 An additional chemical respirator with organic vapor cartridges Jill be 
required for the foam application operation. 
foam injection point for dispersing radon and other organic vapors away 
from the operator. 

Fans will be placed at the 

Authorization : (Supersedes: None 

3.4 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. 

Issue Date: 
Auius t  20, 1987 

3.5 A portable eyewash station and a continuous water supply shall be 
provided in case of chemical exposure. 

3.6 Refer to the Toxic Chemical Review section of the design r.eport for 
further information and MSDS ?.z?, each cr' the chemicals to be used in the 
foaming process. 

3.7 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. 

3.8 Any action which results in intake of radioactive materials or  over- 
exposure t o  foaming chemicals will be immediately reported to a 

supervisor. 

4. PROCEDURE 

4.1 PREPARATION 



Company of Ohio - FMPC 

4.1.1 A remote video camera will be installed at the center manway. The 
radon treatment system may continue to operate during installation. 

Page Revision Date: 

4.1.2 Operation of camera and lighting will be checked. 

PRODUCTION 
OPERATIONS 
PROCEDURE 

0 

4.1.3 Foaming equipment will be prepared for Phase 1 application. 

Title: Procedure For Application of SOP - 303317-02 
Polyurethane Foam Tar K-65 
Silos Plant: 

4.1.4 A review of safety precautions and operational procedures will be 
conducted by the lead'engineer of the foam crew. All personnel 
involved with the project will attend the meeting. 

Authorization: ISupersedes: None 

4.1.5 The foam crew will walk-through the procedural steps for applying the 0 foam. 

Issue Date: 
August 20, 1987 

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

4.2 Phase 1 - Elastomer System 

4.2.1 Hold point - When the raLm measuring equipment on he radon treatm 
5 system indicates a level of 7.2 x 10 pCi/l o r  lower f o r  silo tl or - 

nt 

9.1 
x lo5 or lower for silo 112, 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. 
covered as quickly as possible in all directions about the manway. 

Surfaces are 



West inghouse  Materials 
Company of  Ohio  - FMPC 

Note: O p e r a t i n g  time an t h e  dome s u r f a c e  must  be  minimized  i n  e v e r y  p h a s e  of 

t h i s  work.  

Page 6 of 11 
Page R e v i s i o n  Date: 

4 . 2 . 4  When a p p l i c a t i o n  a t  t h i s  manway is n e a r l y  c o m p l e t e ,  d u c t  and  c o v e r  f rom 

a second  manway w i l l  be removed. 

PRODUCTION Ti t l e :  P r o c e d u r e  For  A p p l i c a t i o n  of 
OPERATIONS P o l y u r e t h a n e  Foam T a r  K-65 
PROCEDURE S i l o s  
A u t h o r i z a t i o n :  S u p e r s e d e s :  None 

4 . 2 . 5  Tempera.-v c o v e r  is p l a c e d  o v e r  t.Se f i r s .  aanway. The c o v e r  c o n s i s t s  o f  

a 26 i n c h  diameter, 3 /4  i n c h  t h i c k  plywood d i s c  w i t h  4 holes  d r i l l e d  t o  

match manway b o l t  ho le s .  

SOP - 303317-02 

P l a n t :  
I s s u e  Date: 
Auqust 20, 1987 

0 4 . 2 . 6  E l a s t o m e r  w i l l  q u i c k l y  be a p p l i e d  on s u r f a c e s  t h r o u g h  s e c o n d  >anway. 

4 . 2 . 7  S t e p s  6 . 2 . 1  - are r e p e a t e d  for  t h e  t h i r d  and  f o r t h  manways. 

4 . 2 . 8  Upon comp-2t ion of Phase 1 ,  t h e  l a n c e  is cleared u s i n g  s o l v e n t  and a i r  

s u p p l i e d  t o  l a n c e .  Drums f o r  waste s o l v e n t  are  located on berm f o r  

t h i s  o p e r a t i o n .  

Note: S o l v e n t  u s e d  t o  c l e a n  l a n c e  is n o t  t o  b e  blown t h r o u g h  manways. 

4 . 2 . 9  Q u a l i t y  of t h e  e l a s t o m e r  l a y e r  is v i s u a l l y  e v a l u a t e d  and  a touch-up  

o p e r a t i o n  is pe r fo rmed  i f  n e c e s s a r y .  

4 . 2 . 1 0  Using  a m e a s u r i n g  s t i c k  o r  o the r  d e v i s e ,  t h e  d i s t a n c e  from t h e  

elastomer s u r f a c e  t o  t h e  dome is measured  a t  t:..-.e o r  morcs e q u a l l y  

s p a c e d  access p o i n t s .  

4 .3  Phase 2 - R i g i d  Foam Seal 

NEW:DH-16(6) 
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4 . 3 . 1  The changes  i n  r e a c t i o n  components  w i l l  be made f o r  r i g i d  foam 

p r o d u c t i o n .  

Page R e v i s i o n  Date: 

4 . 3 . 2  A foam tes t  w i l l  be pe r fo rmed  t o  e n s u r e  good q u a l i t y  foam. A s ample  o f  

t h e  foam w i l l  be  r e t a i n e d  f o r  WMCO. 

PRODUCTION 
OPERATIONS 
PROCEDURE 

0 

4 . 3 . 3  The f i r s t  t empora ry  manway c o v e r  is removed.  

T i t l e :  P r o c e d u r e  For A p p l i c a t i o n  of SOP - 303317-02 
P o l y u r e t h a n e  Foam T a r  K-65 
S i l o s  P l a n t  : 

4 . 3 . 4  Using t h e  v i d e o  m o n i t o r ,  t h e  foam o p e r a t o r  is i n s t r u c t e d  i n  a p p l i c a t i o n  ' 

o f  t h e  foam i n  a 18-30 i n c h  layer o v e r  t h e  e l a s t o m e r .  

A u t h o r i z a t i o n :  S u p e r s e d e s :  None 

4 . 3 . 5  When foaming is n e a r l y  c o m p l e t e  t h r o u g h  first manway, t h e  c o v e r  from a 
second manway is removed. 0 

I s s u e  ilate: 
Auqust 20, 1987 

4 . 3 . 6  The foam o p e r a t i o n  is c o n t i n u e d  t h r o u g h  second  manway. The f i r s t  

temporary  manway cover t l  is r e p l a c e d .  

4 . 3 . 8  S t e p s  6 . 3 . 3  - 6 . 3 . 7  are  r e p e a t e d  fo r  t h e  t h i r d  and f o r t h  manways. 

4 . 3 . 9  The foam l a n c e  is cleared u s i n g  s o l v e n t  and  a i r .  

4 . 3 . 1 0  Allow a t  least  a 1 hour  c u r e  time before Phase 3 .  

4 .3 .11  I n s p e c t i o n  of foam p r o g r e s s .  Using t h e  same t e c h n i q u e  as  i n  4 . 2 . 1 0 ,  

measure  t h e  d i s t a n c e  from t h e  t o p  of t h e  r i g i d  foam t o  t h e  dome. Using  

t h e s e  measu remen t s ,  d e t e r m i n e  t h e  t h i c k n e s s  of t h e  r i g i d  foam. More 

foam must  be  added where t h e  t h e  t h i c k n e s s  is less  t h a n  18 i n c h e s .  

4.4 Phase 3 - Elastomer C a u l k i n g  0 
NEW :DH- 16( 7 )  
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PRODUCTION Title: Procedure For Application of 
OPERATIONS Polyurethane Foam Tar K-65 0 SOP - 303317-02 

PROCEDURE 

4.4.1 Foam components are changed for elastomer production. 

Silos Plant: 

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

Authorization: Supersedes: None 

4.4.3 The first temporary manway cover is removed. 

Issue Date: 
Auqust 20, 1987 

4.4.4 Elastomer is applied to interic. side 111s 0' silo .na in between the 
walls and the rigid foam layer. Remote camera is used to direct the 
application. 

4.4.5 Second manway cover is removed and first cover replaced. 

4.4.6 Steps 6.4.4 and 6.4.5 are repeated fo r  the third and forth manways. 
Smaller 2 inch openings may be used to apply elastomer if necessary. 

4.4.7 Visual evaluation of elastomer caulking is performed. 

4.5 Phase 4 - Flexible Foam Fill 

4.5.1 Foam components are changed fo r  flexible foam foam production. 

4.5.2 Foam test and quality check are performed. Retainer sample is taken 
f o r  WMCO. 

4.5.3 Flexible hose extensions are placed in all dome injection points with 
connections readily availabl.: for attachment to lane. 

4.5.4 Lance is attached to a hose extension near the perimeter of the dome a 
NEW:DH-16(8) 
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PRODUCTION Title: Procedure For Application of 
OPERATIONS Polyurethane Foam Tar K-65 
PROCEDURE Si 10s 
Authorization : Supersedes: None 

0 SOP - 303317-02 

Plant: 
Issue Date: 
Auqust 20, 1987 

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. I 

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 0 
NEW : DH- 16 ('9 I 
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the  cen te r  manway, o r  by per iodic  manual inspec t ion .  Pos i t ion  o f  foam 

lance is changed as necessary f i l l  the  void space a t  the  top of the 
s i l o .  

Page 10 of  11 
Page Revision Date: 

4.6.8 When foaming is complete, foam lance is c leared  w i t h  so lvent  and a i r .  

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.6.9 Foam overflow is removed from dome su r faces ,  f l e x i b l e  lance extensions 

a r e  cu t  o f f ,  and a l l  covers a r e  replaced on dome openings.  

e T i t l e :  Procedure For Application of SOP - 303317-02 
Polyurethane Foam Tar K-65 
S i l o s  Planc : 

4.7 Phase 6 - Optional P ro tec t ive  Dome Cover 

Authorization: Supersedes:  None 

4.7.1 

4.7.2 

4.7.3 

4.7.4 

4.7.5 

4.7.6 

4.7.7 

4.7.8 

Issue Date: 
August 20, 1987 

e Spraying equipment is' prepared and  foam components changed f o r  r i g i d  
foam a p p l i c a t i o n .  

Test  s p r a y  is performed. Retainer sample is taken. 

S t a r t i n g  a t  the dome center  and moving quickly to  ou te r  su r f aces ,  a 

2-inch l aye r  of r i g i d  foam is app l i ed .  Manways and o the r  dome 
pro t rus ions  a r e  not coated i n  t h i s  s t e p .  

Spray attachments a r e  c leared  w i t h  solvent  and a i r .  

Foam components a r e  changed t o  production of polyurethane weather 

b a r r i e r  coa t ing .  

Test  s p r a y  is performed and r e t a i n e r  sample is t a k e n .  

Bar r ie r  coa t ing  is appl ied  t o  t h e  dome on top of t h e  r i g i d  foam l a y e r .  

F i n a l  inspect ion of foam r e s u l t s .  

NEW:DH-16(10) 
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S i l o s  

ision Date: 
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Plant : 
Issue Date: 
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PROCEDURE FOR INTERh\ ‘“:ION OF FOAM APPLICATION FOR 
K-65 SILOS 

PRODUCTION 
OPERATIONS 
PROCEDURE 

REFERENCES: None. 

0 Title: Procedure for Interruption SOP - 303317-03 
of Foam Application 

Plant: 

DEFINED SAFETY SYSTEMS INVOLVED Yes X No 

Authorization: Supersedes: None . 

-” 

1.0 DESCRIPTION OF EQUIPMENT AND OPERATION 

Issue Date: 
August 20, 1987 

1 . 1  Equipment and operational procedures for foam application at the K - i 7  

silos are described in SOP-303317-02. The operation o f  the radon 

0 treatment system described in SOP-303317-01 is designed to eliminar,? the 
acccx.‘.ated radon j as  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. / 

1.2 In the foam application procedure, only one manway is open to the 
atmosphere at any one time during the performance of ?hases 1 ,  2, and 
3 .  if the work is interrupted during this time, a temporary cover will 
be  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 
head space. If radon level exceeds 2.9 X 10 pCi/ a in silo No. 1 or 
3.65 X lo6 pCi/ a 
reinstalled and accumulated radon removed before foaming is continued. 

6 

0 in silo No. 2, the radon treatment syscem will be 



0 

0 
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Title: Procedure for  Interruption SOP - 303317-03 
of Foam Application 

Plant : 

Company of Ohio - FMPC IPage Revision Date: 
I I 

Authorization : Supersedes: None Issue Date: 
August 20, 1987 

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 4 o r  5, any opening in the dome will be closed 
immediately until the work can be continued. 
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. 

In Phase 6 of the foaming, 

2.0 ENVIRONMENTAL CONSIDERATIONS 
See SOP-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 0 
NEW: DH- 1% 2) 
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1.0 Foam Operation 

Air Compressor 

2.0 Radon Removal 

Fan and Spare 

Radon Instruments 
( 2 )  

Lighting 
(1000 W) 

Spares 
(500 W) 

Utilities List 

60 - 100 gallons diesel 

480 Volt, 3 phase, 60 Hz, 10 bhp, 150A 
starting 
Rated k V A  = J 3  48OV * 300A/1000 

= 250 kVA 

115 Volt, 60 Hz, 1 A  
2 * 115 * 1A/1000 = .230 kVA 

110 Volt, 60 Hz 
1000 VA/1000 = 1.0 kVA 

110 Volt, 60 Hz 
5'00 VA/1000 = .5  kVA 

Total k V A  =252 k V A  

NEW :DH-13 
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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 
Mystic, CT 06355 

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

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

Tigg Corporation 
*,Box 11661 
Pittsburgh, PA 15228 

Radon Instrumentat ion 

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

NRC Industries 
Division of Nuclear Research Corporation 
125 Titus Avenue, P.O. Box H 
Warrington, PA 18976 

. .  . . .  

NEW : DH- 10 
000070 



Phelps Fan Manufacturing Company, Inc. 
P.O. Box 9588/9417 New Benton Highway 
Little Rock, AR 72219 

Hertzell Fan, Inc. 
Pi?ua, OH 45356 

Portabie Buildings 

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

.- Toarc . - mlicators 

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

Eastern Foam Systems, Inc. 
1-T Edwin St:.?et 
Bridgeport, 06607 

Two-way Mobile Radios 

Communication Specialists, Inc. 
3044 Sutherland Avenue 
Knoxville, TN 

. . :  ' 
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5.0 ALARA REVIEW 

A r e v i z w  o f  $' - :  ;iork be ing  engineered on t h e  K-65 s i l o s  was made 
f rom rad ia t * ; r ,  c o n t r o l  s tandpo in t .  The f o l l o w i n g  o u t l i n e s  t h e  
a s s m  ;oris mace and t h e  r e s u l t s  ob ta ined  i n  t h i s  rev iew.  

5 . 1  STATEMENT OF WORK 

I n  o r d e r  t o  m in im ize  re leases  o f  radon gas t o  t h e  env i ronment  and 
t o  h e l p  s t r u c t u r a l l y  suppor t  t h e  s i l o  tops ,  WMCo has dec ided t o  i n s e r t  
a s e r i e s  o f  foams i n t o  t h e  v o i d  a i r  space a t  t h e  t o p  o f  b o t h  s i l o s .  
A v e n t i l a t i o n  system w i l l  f i r s t  be i n s t a l l e d  t h a t  w i l l  reduce t h e  
c o n c e n t r a t i o n  o f  radon gas i n  t h e  v o i d  a i r  space. Then a two i n c h  
e las tomer  l a y e r  w i l l  be poured o n t o  i h e  su r face  o f  t h e  res idues  i n  
t h e  tank .  A two f o o t  t h i c k  l a y e r  o f  r i g i d  foam w i l l  then  be sprayed 
i n  t h e  s i l o s .  
around t h e  edges o f  t h e  two f o o t  t h i c k  r i g i d  foam i,nsert. The s i l o s  
w i l l  t hen  be f i l l e d  t o  w i t h i n  two f e e t  o f  t h e  t ? p  i n  t he  c e n t e r  w i t h  
f l e x i b l e  foam. F i n a l l y ,  t h e  smal l  remain ing  v o i d  w i l l  be f i l l e d  
w i t h  r i g i d  foam. 

A " c a u l k i n g "  l a y e r  o f  e las tomer  w i l l  t hen  be a p p l i e d  

5.2 AS1C3SMENT 

Researching v a r i o u s  documents concern ing  t h e  K-65 s i los  and d i s c u s s i n g  
t h e  c o n d i t i o n s  as assessed by WMCo w i t h  p r o j e c t  personnel ,  e x i s t i n g  
parameters were assumed f o r  a . s i l o  t h a t  rep resen ts  a mean c o n d i t i o n .  
Table 5.2.1 desc r ibes  t h e  assumed e x i s t i n g  c o n d i t i o n s .  

By i n s e r t i n g  t h e  pa rame- - rs  o f  ". ible 5.2.1 i n t o  a dose e s t i m a t i n g  
program, MICROSHIELD@, 
t h e  dose r a t e  a t  a p o i n t  81 cm above t h e  c e n t e r  p o i n t  o f  t h e  i d e a l i z e d  
s i l o  was c a l c u l a t e d  f o r  t h e  f o l l o w i n g  c o n d i t i o n s .  
see Appendix) .  

1 t h  t h e  r a r y i n g  e las tomer  and foam l e v e l s  , 

(For  d e t a i l s ,  

1. E x i s t i n g  s ludge 
2. E x i s t i n g  a i r space  
3. A i r space  evacuated, e las tomer  i n  p l a c e  
4. A i r  space evacuated, 2 '  r i g i d  i n  p l a c e  
5. A i r  space evacuated, 6 '  f l e x i b l e  i n  p lace  
6. A l l  foam i n  p lace  
7. A l l  foam i n  p lace ,  new e q u i l i b r i u m  of Rn daughters  

A summary o f  t h e  dose r a t e s ,  b o t h  measured c u r r e n t l y  and c a l c u l a t e d  
by MICE2'YIELD@ a r e  g i ven  -i+ Table 5.2.2. 

I n  r e v i e w i n g  t h e  d r a f t  o p e r a t i n g  procedures and des ign  c r i t e r i a  f o r  
equipment, equipment placement and s h i e l d i n g  placement, t h e  ALARA 
c o n s i d e r a t i o n s  g i v e n  i n  Table 5.2.3 were used as g u i d e l i n e s .  Based 
on these dose r a t e s  and a r e v i e w  o f  t h e  d r a f t  procedures f o r  foam 
i n s t a l l a t i o n ,  a man-m i l l i r em budget  was c a l c u l a t e d  and i s  g i v e n  as 
Table 5.2.4. 
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TABLE 5.2.1 
PARAMETERS FOR SILO DOSE RATE CALCULATIONS 

Basis:  

There a r e  1404.2 C i  radium i n  s ludge and 37.4 C i  radon i n  50% equi l ibr ium 
( w i t h  daughters)  in  the void a i r  space. 
a r e  a s  fol lows:  

Dimensions and densities 

a .  
b .  

*c. 
d .  
e .  
f .  1220 cm s i l o  rad ius  
g. 2440 cm s i l o  diameter 

1005.8 cm h e i g h t  from s i l o  bottom t o  exposure poin t  
609.6 cm depth of sludge a t  1 .6  grams/cc 
304.8 cm h e i g h t  of a i r  a t  0,00129 grams/cc 
10.2 cm th ickness  of s i l o  dome concrete  a t  2.300 grams/cc 
81.2 cm a i r  between s i l o  dome and observat ion a t  0.00129 grams/cc 

Calculat ion Cases: 

1. 609.6 cm of sludge 

2 .  

3. 

c 304.8 cm a i r  a t  0.00129 g/cc 

c 5.1 cm elastomer a t  0.715 g/cc 
c '  299.7 cm a i r  a t  0.00129 g/cc 

4. c 5.1 cm elastomer a t  0.715 g/cc 
c '  60.96 cm foam a t  0.0318 g/cc 
c" 238.7 cm a i r  a t  0.00129 g/cc 

5. c 5.1 cm elastomer a t  0.175 g/cc 
c '  243.84 cm foam a t  0.05560 g/cc 
c"  55.82 cm a i r  a t  0.00129 g/cc 

6. c 5.1 cm elastomer a t  0.715 g/cc 
c '  304.8 cm foam a t  0.05085 g/cc 

7.  Same sh ie ld ing  as  Case 6. 

*Note: c ,  c ' ,  c" - represents a i r  he ights  a f t e r  s t ages  of foam placement. 
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TABLE 5 , 2 , 2  

R A D I A T I O N  DOSE RATES OIJ CENTER OF S I L O  

MEASURED - 250 MR/HR,  61 CONTACT 

, 150 MR/HR,  61 3' 

CALCULATED - 191 MR/HR, 6I 80 CM 

CALCULATED WITH ELASTONER IN PLACE - 86 MR/HR , 

CALCULATED WITH ALL FOAM IN PLACE - 3 4 , l  MR/HR I 

CALCULATED WITH ALL FOAM IN PLACE AND EQUILIBRIUM 

R E - E S T A B L I S H E D  - 7 8 , 9  MR/HR 

000075 



TABLE 5,2,4 
MAN MILLIREM ESTIMATE 5 9 1 5  0 Construction 

.Silo #1 

Install Containments 800 
Remove Covers 1200 
Install Covers 800 

2800 

Silo #2 

Install’Ducting 
Install TV Camera 

Operat ion 

Test o f  Rn System 
Radon System Operation 

Silo #1 

Ventilate 
E 1 as t ome r 
Inspection 
Rigid Foam 
Inspection 
Cau 1 k 
Flexible 
Rigid 
Cleanup 
Dome Protect 

Silo #2 

Waste, Transport 
Demobi 1 i zat ion 

360 
1150 

200 
500 
190 
400 
600 

80 
150 
350 

3980 

2800 

2800 

240 
700 

360 
300 

3980 

3980 

50 
50 

15,260 
000076 



TABLE 5 ? 2 ? 3  

ALARA CONSIDERATIONS 

ENVIRONHENT 

o CARBON ABSORPTION SYSTEM 
o FOAM RADON ATTENUATOR 
o FOAM RADIATION ATTENUATOR 

WORKERS 

o 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 SILC5 

o DISTANCE 

- REMOVE RADON FROM SILO TO CARBON FOR FOAMING 

- KEEP WORKERS OFF DOMES TO THE MAXIMUM EXTENT 
OPERATIONS 

PRACTICABLE 
- KEEP FOAM TRUCKS) OPS TRAILER) CONTROL ROOM - 

AWAY FROM RADIATION AREAS 
- REMOTE TV VIEWING 

o SHIELDING 

- INSTALL SOILBOX SHIELDING AROUND VENTILATION 
BUILDING 

BALANCE QUALITY (REDUCE REWORK) vs, DOSE REDUCTION 
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TOXIC CHEMICAL REVIEW 
FOR POLYURETHANE FOAM SYSTEM 

Chemicals: MDI, Diphenylmethane diisocyanate 
Poly01 
Dichlorodifluoromethane 
Methylene chloride 
Polyurethane foam finished product 

i.:e following discussion of hazardous properties fe- ihe foam chemicals was 
derived from the attached references 1-6. The ir: ::'!ation is believed to be 
accurate; however, it is possible that it does nc.. ?flect the most current 
information available for the materials. Nonetheiess, 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 effects 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. 
rats of 5.8 grams per kilogram of body weight. 

The Upjohn Bulletin gives an LD50 for 

The flash point of MDI is 425"F, and MDI id considered a Class 111 B 
combustible material by the National Fire Protective Association (NFPA). MDI 

NEW:DH-1(1) 000079 



5 9 1 s  

will burn if exposed to a preexisting fire, producing isocyanate vapors and 0 toxic fumes. MDI decomposes rapidly at temperatures above 450°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 with 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 o r  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 alcohol and follow with soap and water. 
wipe off with rubbing alcohol and wash with soap and water. 

For minor contact, 
Skin may show a 
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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 
associated with skin contact. 

Foam Enterprises reports that their polyol MC2-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. 
water and medical attention received if irritation persists. Soap and water 
will remove polyols from the skin. If ingested, induce vomiting and seek 
medical attention. 

If eye contact occurs, eyes should be flushed for 5 minutes with 

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

incineration. 

DICHLORODIFLUOROMETHANE 
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 4 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 



'5975 -. 

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 ( 1 0 4 O F )  and high vapor pressure 
(340 mm Hg at 20°C). 

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

The LD50 fo r  

In case of contact with eyes and skin, wash with water thoroughly and if 
irritation persists, get medi.ca1 attention. In case of inhalation 
overexposure, remove person to fresh air and get medical attention. If 

ingested, induce vomiting and get medical attention. a 
b , .  



Methylene chloride i>- nemically stable under normal conditions. Exposure to 

heat sources could r%. -t in release of carbon monoxide, HC1 vapors, and 
phosgene gas. 

which will then be moved outdoors where it can evaporate safely. Large spills 
should be diked and transferred to closed metal containers. 

Small spills should be cleaned up with an absorbent material, 

The -'A haz&,r-;ous waste number for methylene chloride is U080 and its 
reporcable sgill quantity is 1,000 POL s .  The use of methylene chloride for 
this project is limited to the amount:- :ccessary to clear the foaming lance 

after system shutdowns. 
generated during the job. 

50 to 100 gallons of methylene chloride waste may be 

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 b e  avoided but 
CD :requences are no more serious than inhalation of dust from a?!? 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 
prrJducts. 
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. 

The autoignition temperature of most polyurethane foams is 600 to 

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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DCM DICHLOROMETHANE 

65 
70 
75 
80 
85 

279 
,280 
281 
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,283 

SATURATED LlOUlD DENSITY 
1219 

UOUlD THERMAL CONWCnVlTy 
1210 

U O u l D  HEAT CAPAClTy 
1230 

UOUlD VlSCoslTT 

Pounds per cubic 
toot 
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Jnilni(inb per hour- 
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1222 
SATURATED VAPOR PRESSURE 

12-23 
SATURATED VAPOR MNSrrY 

12.24 
IDEAL GAS HEAT CAPACITY SOLUBILITY IN WATER 

Temperature 1 pounds per 100 
(degreesF) j poundsof water 

pounds per square 
indl 

Temperature 
(degrees 0 

Pounds per cubic 
toot 

Temperature 
(degrees F) 

Bribsh thennal unlt 
per p0und-f 

,126 
,129 
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. 1 49 
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.161 
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.167 
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,189 
,171 

.866 
1.013 
1.180 
1.370 
1.586 
1 .e30 
2.105 
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2.762 
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6.588 
7.389 
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.03050 
,03472 
,03941 
.04462 
.OM39 
,05676 
,06378 
.07149 
,07996 
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MATERIAL SAFETY DATA SHEET 

SOLUBILITY IN WATER BOILING POINT ( O F  ) 104 (39.8OC) 
VAPOR PRESSURE ( m m  Hg at 20°C) 340 SPECIFIC GRAVITY (HzO 1)  _- 
VAPOR DENSITY lair 1 )  1.93 96 VOLATILE 9Y VOLUME 

/.Z'fPR6VED BY THE U.S. DEPARTMENT OF LABOR AS-"essentially similar" to form OSHA-201 
1 

2.Ogl IOCk+ a t  25OC 
1.32)3 t  35/7_5OC 
100 (essent iallv) 

1 FORM No. 100.546 

Flasn Point (and method used) 

0 Section 1 -NAME & PRODUCT 
$Manufacturer's Name Emergency Phone No. 24 hours 

517-636-4400 
City, State and Zip Code 

DOW CHEMICAL U.S.A. 
Dare this form wrinen 

Midland. Michigan 48640 - 

I?; ORGANIC CHEMICALS DEPARTMENT Januarv 30. ! 975 

Flammable Llmlts iSTP in air)-Vol % 

0 Section 2-INGREDIENTS-TYPICAL VALUES VVT. % 

STAB I LIP( 
(Normal Conditions) 

1 STABLE 1 U NSTAELE 

Methylene chloride, essentially 

See Journal of Chemical and Engineering Data 17 ( 1 )  89-93 (1972) for flammai 
limits at other  than standard temperature  and pressure. 

- 

INCOMPAT- 
181LIlY 

"F L.F.L. U F L. 

EXTINGUISHING Water Alcohol DrY 
MEDIA O F o g  0 Foam O F o a m  0 COI 0 Chemical c, Ctner 

Special Fire Fignting Protection Equipment and Hazards 

0 Water 0 Acid 0 Base 0 Corrosive 0 Oxidizing Material 

Other 

0 

"F L.F.L. U F L. 

EXTINGUISHING Water Alcohol DrY 
MEDIA O F o g  0 Foam O F o a m  0 COI 0 Chemical c, Ctner 

Special Fire Fignting Protection Equipment and Hazards 

Self-contained respiratory equipment .  

0 Section 5-REACTIVITY DATA 
I Conditions to avoid 

Large spills: evacuate area. Contain liquid; transfer to closed metal containers. Keep out of water  supply. 

Disposal Method 

Send solver.: to a rzziiimer. 
allowed to e u p o r 3 i e  Lafely. 3efer  t o  Chemical Safety Data Sheet SD-86, Manufacturing Chemists Association, 1825 Con- 

In some cases i t  can  be transported to an area where it can be placed o n  the  F o u n d  and 

000087 
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,,.b,,ur~rene Chloride, Technical 

MATERIAL SAFETY DATA SHEET (Continued) 
DOW CHEMICAL U.S.A. 
Midland, Michigan 48-0 

@ Section 7-HEALTH HAZARD DATA 
lnaestion U 

E%.$) ry 5 
w LDjO (rats) 1.6 glkg. It is estimated that  a dose of one ounce  t o  one pint may be fatal to a 150 pound person. e 

Eye Contact 

Painful and slight irritation. Corneal injury unlikely. 

Skin Contact 

Short contact  - no irritation. 
a burn. 

Prolonged or frequently repeated contact  - possible irritation. If confined to dun - may caus 

Skin Absorption 

Very low. Hazard not significant. 

nv: Proposed TLV is 100 ppm (1974) 

Increasing signs of  anesthesia above 300 ppm in the atmosphere. 

Inhalation 

Effects of Overexposure 

~ ~~ 

EYES AND SKIN: Flush with p len ty .of  water. Get  medical a t tent ion if ini ta t ion develops. 

INHALATION: If illness occurs, remove patient t o  fresh air, keep him quiet and warm. Get  medical 
attention. If breathing stops, start artificial respiration. 

INGESTION: Induce vomiting. Call a physician immediately.* 

CAUTION: With some solvents, drinking alcohol shortly before, during or after exposure may cause 
undesirable effects. 

@ Section 8 -SPECIAL PROTECTION INFORMATION 

CAUTION: 

Never give 
fluids or 
induce 
vomiting 
if patient is 
unconscious 
or having 
convulsions 

Ventilation 

Limit concentration in air to TLV.  

Protection Below 100 ppm - none. respiratory, rotection required in the absence of environmental control. For levels UP to 2 
w r  less, a suitable full-race mask wirh organic canister should be used. Above 2 percent and for emergencies, use a 

No special protective clothing needed. 

EYE Not normally Safety glasses Safety glasses 

PROTECTlON 0 necessary without side shields 0 with side shields 0 workers' goggles 

np aooaratus. 
Protective Clothing 

Chemical 

Other Eye wash stations 2nd u f c t y  sliowcrs s l ~ o u l d  he rc:lilily avai lablc .  0 Gas tight goggles or equivalent 

0 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 o f  the  chlorinated solvents, especially if accompanied b y  anoxia, may rempor. 
increase cardiac irritability. Maintain adequate oxygenation until recovery. Avojd sympatomimetic  amines, such as epinephrine, 
which may precipitate arrhythmias. 

CE: The information herein is given in good faith but no warranty, express or implied. is made. 

. .  , .  . .  



U.S. DEPARTMENT OF LABOR 
Occupational Safety and Health Administration 

Required under USOL Safety end Health Rwlationc for Ship Repairing, 
Shipbuilding, and Shipbreaking (29 CFR 1915, 1916, 10171 

M A T E R I A L  SAFETY D A T A  SHEET 

SECTION 111 - PHYSICAL DATA 

1 . 2 4  SPECIFIC GRAVITY (H20.1) 4C6 BOILING POINT (OF.) 

i. 

\ 
PERCENT, VOLATILE 

EVAPORATION RATE 

VAPOR PRESSURE (mm M.) 2 5OC (D .0001  BY VOLUME (U) 

VAPOR OENSITV (AIR- I )  8 . 6  ( -1) Nil 
i 1 

SECTION I 
1 EMERGENCY TEUPHONJL )(Q. YANUPACTURER'SNAME 

~~~ ~ 

f LASH POINT (h lkod uud)  f LAYMAOLE LIMITS Ld u . 1  I 

C02 - Dry Chemical - Chemical Foam 
I %e usual fireman s body protection should be worn as well as self- 
contained breathing apparatus to protect from vapors from product. 

4 2 5 O  F. (C) CI 
LXTlNOUlSHlNO MEDIA 

5 ClAL FIRE FIGHTING PAOCODURES 

UNUSUAL F IR€  AML ZXPLOSION HAZARDS 

SOLUBILITY IN WATER I Nil 
APPEAAANCEANOODOR Dark Brown viscous liquifi, Very slj.ght aromatic odor. 

I- - SECTION IV FIRE AND EXPLOSION HAZARD DATA 1 

I 1 

PAGE (1) (Continual on r e v o m  udr) Form OSHA-20 
rn." w a r  7 2  



0' SECTION V - HEALTH HAZARD DATA 
THREsnoLo LIMIT VALUE 

0.02 

Irritation of respiratory tract resultins in 
EFFECTS OF OVEREXPOSURE 

sinusitis, bronchitis and asthma. 

Inhalation: Treat symptomatically; vaso-dilators; oxyqen, call 
physician. Skin contact: Wash with soap and water. Alcohol 

EMERQENCV AND FIRST A I D  PROCEDURES 

Eye contact: Flush with water at least 15 Minutes. Call 

W I L L  NOT OCCUR I X I May form C02 gas pressure. 

ene. t n l  i i e n n .  nuiitpc: n f  n i  tr 
WAZAROOUS MAV OCCUR ' 

SECTIONVII - SPILL 

I 

POLYMERIZATION 

~~ 

SECTION VI I I -- SPECIAL PROTECTION %FORMATION 

I I 1 

e. 

a 
Form OSHA-20 
a... YW 7 a  



MATERIAL SAFETY D A T A  SHEET 

~~ ~~ - ~~ 

SECTION I 

FOAM ENTERPRISES, INC. Chemtrec 8OOa424-9300 
YAE)UCACTURCRS NAME. W Q R a m C Y  fOLU*(O(ug No. 

Numbu Sireci Qr S~arr 4 ZU cod. 

WAY@ AN0 6VNOWVYS 
, A0f3R86 W ~ I ' E R T ~ ) I & ' ~  C~RCLE. &L s., MN. 5 5 4 4 1  

C H E M I U L  C W I L Y  F O A U U U  

Cl46YICAL MAMC AN0 6VNONVMS 
MG2-R P o l v o l s  or Res in 

Polvether & Polyester Triol Mixture & Proor ietarv 

~ 

Raquird unbr  USDL Safety M d  Halth Algulatiocu for ship Ropriring, 
Shipbuilding, kd Shipbreaking (29 CFA 1916, 1918, 19171 

SECTION IV FIRE AND EXPLOSION HAZARD DATA 
CLAW POINT (*c.inoa uw4) F U U Y A . U  U Y l T I  W 1 u.c 1 '>300°F. Open CUP I 
EX1l)lQUILnlW UQOIAr 

= C i U  CIRC FIOHTINO PAOCEDURU 
Water Fog - CO:, - Dry Chemical - Foam 

-c DO NOT BREATH SMOKE WHEN B U R N I N G  
WUJSUAL PIRC AM0 L X M S I O N  C ( A U A 0 S  



c Iy 

SECTION V - HEALTH HAZARD DATA as & 

UNSTABLE 

STABLE 

NONE T n a E s H o L o  LIMIT VALUE 

EFFECTS OF OVEREXPOSURE 
EYE CONTACT: Minor irritation, but no corneal iniurv. 

COrOlTlONS TO AVOIO 

XX STABLE UNDER NORMAL HANDLING CONDITIONS 

~ ~~ 

SKIN CONTACT: Essentially no irritation. 

EYES: Flush with plenty of water for  five minutes. 
SKIN: Wash with soap and water. 
INGESTION: Induce vomiting and get medical help. 

EMERQENCY A N 0  f lRST AJO PROCEDURES 

r 
SECTION VI1 - SPILL OR LEAK PROCEDURES 1 

STEW5 TO BE TAKEN I N  CASE MATERIAL I S  RELEASE0 OR SPILLED 
APPLY OBSORBENT MATERIAL SUCH AS SAWDUST. RINSE AREA WITH DETERGENT 
SOLUTION AND WATER. 

WASTE DISPOSAL METHOD INCINERATE 

~ ~ - 

SECTION VI - PEACTIVITY DATA 

LOCAL EXHAUST VENTILATION 

1 

SPECIAL 

STABILITY 

I I I 

QXIDIZING MATERIAL AND STRONG ACIDS INCOMPATABIL IN  ( h / O t t d S  10 Ovoid )  

HAZARDOUS OECOMWSITION PRODUCTS CO and C02 
- 

CONOITIONS TO AVOIO 
H A Z A R W U S  MAY OCCUR 

WILL  NOT OCCUR xx 

SECTION IX - SPECIAL PRECAUTIONS 
PRECAUTIONS TO BE TAKEN IN HANOLINO A N 0  STORINO 

AVOID SKIN AND EYE CONTACT. 
OTHER PRECAUTIONS 

I 

d 

PAGE (2) I .  , _ .  
G P O  O.).bO 

~ 
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SECTION 7,O 

A I R  QUALITY ASSESSMENT AS D E F I N E D  BY P T I  
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i o r  Of f i ce  Use Cnlv 
Check Appropriate  t. r . (es)  
c_ 

' . I, . . , I  ;... 
.I . - ,. t r .  Ai r Di scharge  

- Rate r  Discharge t o  Eew 
Source Treatment h'orks 

- Sol id  GIaste Disposal  F a c i l i t y  , 

I Hazardous Claste Di sposa l  Faci 1 i t y  . .. - 

For CiiCice Use Only 

P T I  App l i ca t ion  No. 

1 Date Recei ved 

I Prernise NO.  

O H I O  ENVIRONliENTAL PROTECTION AGENCY 
App l i ca t ion  f o r  Per r i i t  t o  I n s t a l l  

U .  8 .  Deoartment o f  E n e r y ,  Feed M a t e r i a l s  P roduc t ion  center  
Appl i c a n t ' s  Kame 

P. 0.  Box E 
tSai 1 i ng Address 

Oak Ridae TN . 3 783 1 61 51 576 -0845 
C i t y '  County S ia  t e  Zip Code Telephone t imber  

f - ls ,  i3,araarPt 1;liison. Environ-Enaineer. Environmental  P r o t e c t i o n  Div i s ion  6!5/575-0845 
Ferson td c o n t a c t  ( f k n e  and T i t ? e  and Telepnone Number) 

i j t h i n  tn P Droduci ion  a r e a  o f  t h P  DOE,  7 '  e ' &  be l o c c L e d  - &  p, 
I C ~ ,  i i L v  \ 

Location of Proposed F a c i l i t y  ( S t a t e  t h e  l o c a t i o n  a s  comple te ly  and p r e c i s e l y  as  p S S i b 1 e ) "  

Feed i 4 a t e r i z l s  P rcduc t ion  C e n t e r ,  7400 !.!illey Road 

Di rec t ions :  
of p o l l u t i c n  un?er  t h e  p rov i s ions  of  OAC Rule 3745-31. 
canno: L e  c o n s i l e r e d  complete u n l e s s  a l l  a p p l i c a b l e  q u e s t i o n s  a r e  an5wer5a 
and ' th? r e q u i r e d  in fo rma t ion  h 2 s  been submi t ted .  This  a p p l i c a t i o n  rust  be 
s i g n i i  i n  a c c o r i z n c e  wi th  OAC h l e  3745-21-04(6 )  o r  i t  cannot  be 2ccep:ed. 

A Fermit  t o  I n s t a l l  i s  r e q u i r e d  f o r  new o r  modif ied sources  
An a p p l i c a t i o n  

Appl icants  f o r  p2rmi ts  i nvo lv ing  a i r  e y i s s i o n s  o r  was tzwa te r  t r s 2 t z a n t  
f a c i ' i i z i e s  w i l l  be r equ i r ed  t o  pay a F 2 r a i t  t o  i n s t a l l  f e e  r s  s h w n  i n  
Sec t ion  3745.11(5)  and ( C )  o f  tk ,e  Ohio Revised Code. 
I 1  LO?^ e2ys a f t e r  t h e  d a t e  o f  f i n a l  iss l ;ance of t h e  pe rmi t .  

: :?re of E?;: o r  m a i f i e d  s;i;rce o r  f a c i l i t y :  

2roduct  o f  new o r  iiiodi i i e d  s o u r c e / f a c i  1 i t y :  

G i l l  t h e  propojEd s o u r c e / f a c i l i t y  i n v o l v s  rny of t h e  fo l lowing :  

This  f e e  i s  payable  
.c. C e  

K-65 Silo (storage tank) 

K-65 & Australian Radium Cake I 
Check a l l  t h a t  app1Y. 

A .  - A i  r Discharge 

5. k'a s tewa t e r T re a trx n t  C!o r ks - 
C. - Sol id Raste Di sposa l  Faci  1 i t y  

D. Hazardous Waste Disposal  F a c i l i t y  
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Under OAC 3745-31-04, these s i g n a t u r e s  shal 1 c o n s t i t u t e  personal a f f i r m a t i o n  
that all statements o r  assertions of fact made in the application are true and 
complete, comply f u l l y  with applicable state requirements, and shal 1 subject the 
s i g n a t o r y  to l i a b i l i t y  u n d e r  a p p l i c a b l e  s t a t e  l a w s  f o r b i d d i n g  f a l s e  or 
misleading statements. 

Authorized Signature ( f o r  faci 1 i ty) Date 

James A .  Reafsnyder (DOE) 
Site Manaaer 
Title 

U. S .  Department of Energy 
Oak Ridge Operations Office 
P. 0. Box E 
Oak Ridae, Tennessee 37831 
Address 
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FMPC K-65 Silo Mxlification PTI (Rev. 1, 20 Aug 87) 

~ O ~ ~ O N 2 ? G E N c Y  
pgplication for Pennit to Install 

US DOE Feed 'on center 
Farndld, Cl3 

K-65 Storage Tank Ihiification 

1. 
witk a description of the proposed sourc' --Si=ilitv. 

Describe the product or senrice to be pmduced by the applicant along 

. r>reviausly irlstalled and currently sperathq storage tanksat the 
USDOE FMPC, Fernald, OH are to be d f i e d  to provide radon emission 
control and structural reinforcement, The tanks (K-65-1 and K-65-2) 
contain residue principally re.dting frun the processing of 
pitchblend ore. The t~:~?s have bee - Zound : - need re@ro The repair 
pmcedure, simply stat.-d, involves filling 3e void above the residue 
with several layers of polyurethane foam to provide structural 
reinforcenent. The procedure will also provide for rearnrdl of the 
radon gas in the silos, and the foam will greatly reduce emanation of 
radon continually generated by the residues. 

2. L i s t  the name and quantity of all materials and c h d c d l s  (solid, 
liquid, or gaseous) that will be used or produced by the source/facility. 

The residue frcan the pitchblend processing conhim Ftadiu1~226, which 
proituceS the noble gas Radon-222. The Radon gas is in a 
sd-equilibrium state, in which radon is produced androutinely 
dtted to the atnrosphere through the silo dames. 

It is estimated tikat there are appmximately 37 curies of radon with 
associated dz q h t e r  products in the air space in each silo. F o l l ~  

&%is quantity the applicatisn of a closed-cycle filtration ~ ? r t e m ,  
will be re&asd to approximately 0.4 to 4.0 'm2rie:. .s S L - . - ~ ~  Whe2 the 
void above the residue is filled with L .am, ze gas- mi.fcure 
containing the r e s d n i q  radon will be forcedi fmu the silos, 
temporarily creating a source of radioactive anissions. -err 
following the foaming pmcedure, the emissions fran the silos should 

4 .  

bevirhrdl ry eliminated. 
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6 9 7 5  

a FMPC K-65 Silo U f i c a t i o n  PLlI (Rev. I, 20 Aug 87) 

3. State the reason for the application. Is this a new instanation, 
xwdification to an existing saurce/facility, reconstruction of an existing 
saurce/facility, or startup of a saurce/facility that has been i w w m t l y  
shutdown for YearS? 

This is a modification to an existing pennitted source. 

4. H a s  a previous ohio EPA application or plan suhnission been filed for 
this saurce/facility? If state the date and type of the application 
previausly suhnitted. 

A n  application 
VPoJs w e r e  issued by OEPA on 2/14/86. 

for a Fexmit to Operate each tank was filed on 5/1/85. 

5. W i l l  the proposed source/facility amply with all d e s ,  laws, and 
regulations of ohio EPA and US EPA? 

The proposed modification of the f a c i l i t y  has been designed to amply 
with a l l  applicable rules, laws and regulations of the Ohio EPA and 
t h e u s E P A .  

6. state the amount of each air con taminant (actual emissions) from each 
source in pounds per hour and tons per year atmaxbmandaverage 
conditions. 

The modification process will produce an intermittant emission of 
Radon-222 (and a s d a t e d  daughter pmducb) in response to the foam 
filling process. The d s s i o n  rates are estimated to be as follows: 
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FMPC K-65 Silo Modification €TI (Rev. 1, 20 87) 

7.  re the proposed sources required to ccmply with the f o l l w  
federal requirements? 

Nationdl naission standards for ~azardous Air pollutants 
(-1 

Prevention of Significant Deterioration (PSD) 

i. N e w S o u r c e P e r f o ~ S t a n d a r d S  (NSPS) 
ii. 

iii. 
iv. pgpenaix - Wssion Offset policy 
Radioactive sources are requked to oanply with Federal re&Ements 
under NESHAP: hawever, the principle constituant of concern will be 
Radon, which is extrmpt. 

None of the other listed re@remnts apply. 

8. Will the proposed sources employ best d l a b l e  technology? 

The source will employ m tocontroltheemissions. Thegaseous 
effluent will be filtered in a closed-loap charwal adsorbent systan 
to reduce the amrnmt of radioactivity in each silo fran about 37 Ci to 

0' between 0.4 and 4 Ci, which is 1.5% - 15% of the original quantity, 
prior to any release to the atmosphere. 

9. will the proposed sources cause the significant degradation of air 
wiw 

No. 

t and 10. will the proposed sources interfere with the attainmen 
maintenance of the ambient air quality standards? 

No. 

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

Monitoring will be perfonned at several stages of the process. 
Historically, monit0ri.q was conducted from 20 Sep 84 to 5 Feb 85 in 
the -ns of the K-65 Silos by Monsanto-Mound. Time integrated 
measuranents of Radon in air arwund the K-65 silos were conducted 
utilizing chamoal canisters and Passive 1lIlbentdl Radon Monitors 
(m). ~n addition, a   ad on-222 and m n - 2 2 0  (thoron) monitoring 
program, utilizing alpha sensitive plastic detecbrs, has been 
iqleraentea by the F M # ~  for the fenceline and offsite emrirons. 
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0 FMPC K-65 Silo Modification Fl!I (Rev. 1, 20 AUg 87) 

prior to the foam injection process, a closed-cycle m n  gas 
treaiment/circulation system will be usedtominimizetheamwnmt of 
Radon gas to be released to the A t  during thefoaming 
operation. t he Radon treatment systen will have upstreamand 

monitors to detemine the efficiency of thetreatment 
systea. 

The Radon monitoring program currentlyinoperatianwillbeusedto 
detelmjne ambient concentrations resulting fran the modification 
process. 

12. Will the proposed source involve the use of asbestos, benzene, 
beryllium, or vinyl chloride? 

No. 

13. Cemplete and attach an anticipated construction schedule for each 
ProPo- -0 

See attached. I 

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

The closed-loop Radon t r e a w t  system will cost about $200,000, and 
the foam injection process, including labor and materials, will cost 
abaut $600,000. 

15. A n a p p e d l x  for each air contaminant source must i ~ c c ~ n p 2 ~ 1 1 y  this 
application. the folluwing description of the appendices, de- 
which should accapmy your application. 

i ,  I 

A. Process Data is attached. 

I ,. , %  
1 OQOlQO 



O H I O  E f ~ V I R O f l f * ! t f i T A L  PROTECTI0f . I  AGEtiCY 

I H S T A L L A T I O N  SCHEDULE 

TO ACCOtIPANY APPC I CAT I ON FOR PERM I T TO I USTALL 

T H I S  FORM CONSTITUTES PART OF THE APPL1CATIO: i  OF: 

- Feed Materials P r o d u c t i o n  Center 

7400 Willey Road, Fernald, OH 45030 

--- -_-- FAC I L I TY NAME : 

ADDRESS : -----___-- -- --. - - -. - 

FOR A PERMIT TO I N S T A L L  THE FOLLOWIf lG A I R  CONTAI*lINANT SOURCE: 

I D E N T I F I C A T I O N :  K-65 S i lo  Modif ication 

DESCRIPTION: Radon Mi t igat ion and Dome Reinforcement - 
- 

THE I X T A L L A T I O N  OF THE ABOVE A I R  CONTAf4INAf.IT SOURCE IS PLANNED TO FOLLOW THE T i X E  
SCHEDULE DESCRIBED BELOW: 

DATE - 

2 .  COX.1ENCE C3NSTRUCTIOl4 - - - - - - - - - 21 SePt. 87 

15-21 Oct. 8 7  @ .  PEZFOKMANCE T E S T I N G  - - - - - - - - - - 
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s r  0 f f ; c i z l  Use Only 

renii se No. 
x r c e  No. 

APPENDIX A ,  PROCESS -1-1- 
7/  PROCESS DATA ion t i o . ' r  

A 

of process  Modification of FMPC Storaqe Tanks 

End product  of t h i s  process  Foamfill & Sealant  

Primary process  equipment 

Your i d e n t i f i c a t i o n  N/A Year I n s t a l l e d  1987 

Foam In jec t ion  System 

Make or model N / A  Ma n u  f a c  t u r e r  N/A 
N/A Max. N/A Capaci ty  of equipment ( l b s . / h r ) :  Rated 

Method of exhaus t  v e n t i l a t i o n :  0 Stack O'Window fan  a Roof v e n t  
0 Other, d e s c r i b e  

Are t h e r e  mu1 t i p l e  exhaus ts?  a Yes 0 No 

OPERATING DATA 

Normal o p e r a t i n g  schedule:  24 hrs . /day ,  7 dayslwk. , 2  wks. lyear .  

P e r c e n t  annual product ion ( f i n i s h e d  u n i t s )  by season:  
Fa1 1 Winter SPr i  ng  Surmner 

. . Hourly product ion r a t e s  ( l b s . ) :  Average 6000 Maximum 6000 

nual product ion ( i n d i c a t e  un i t s )  373,000 l b s  foam 81 elastomer 
N/A r o j e c t e d  p e r c e n t  annual i n c r e a s e  i n  production 

1 .  

2 .  

3 -. 

I *. 

Type o f  o p e r a t i o n :  0 Continuous Batch 

I f  b a t c h ,  i n d i c a t e  Minutes per cycl e 420 (averagelMi nutes  between cycl  e s  60 

M a t e r i a l s  used i n  process:  

1 

A PROCESS FLOW DIAGRAM MUST BE INCLUDED WITH THIS APPENDIX. 
of a1 1 raw m a t e r i a l s ,  i n t e r m e d i a t e  products ,  by-products and f i n i s h e d  p r o d u c t s ,  
a l l  m a t e r i a l s  inc luding  a i r b o r n e  contaminants and o t h e r  waste m a t e r i a l s .  
p rocess  equipment  and c o n t r o l  equipment. 

Show e n t r y  and e x i t  p o i n t s  
Label 

Label the 

See at tached 
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FMPC K-65 Silo Modification PlT (Rev. I, 20 Aug 87) 0 
Following treatment, the m8ximun amount of Ra&n-222 remaining will be 

no mom than 4 Ci in each of the K-65 silos. Refering to Table 1. below, 
the ooncemtmtian in each si lo is calculated as a functian of the vlolum 
of the space above ths residue. As the foam is injected into the silo, it 
will displace the radon gas, f0rci.q it aut the four (4 )  open nuways and 
into the ambient atmsphere. The maximan fogn injection rate is 50 cfm, 
which will take plam for limited (about s e m n h o u r ) p r i o d s .  Thiswill 
result in a nniian ratei of about 6.8 x 10- Ci/seic from silo 1 
and about 8.6 X??%/- from Silo 2. 

Table 1. Worst Case ==ion calculations 

ITEM UNITS 8II131 s m  2 
Radon Present 

Tank Volrmpe 

ci 4 4 

ft3 48,700 38,700 

coacentration c i / f t 3  8.2 x 1 0 ’ ~  10.3 x loo5 

~ o a m ~ n j e c t i o n ~ a t e  ft3/min 50 50 

nnission Rate ci/sec 6.8 x 10” 8.6 x lo” 



FMPC K-65 S i l o  Modification PI'I (Rev. 1, 20 87) 

The maximum allowable on-site ambient radon concentration is  listed in 
10cFR20, B, Table I a s  3 x loW8 ci/m3. The folia 
worst-case meteorological conditions mre used to represent a conservative 
estimate of atxmspheric dillution (di,r::ersion). 

W i n d s p e e d =  0 . 5 m / s  
Stabil i ty  Class = F 

Dispersion model calculations indicate that the maximum annual a V q e  
on-site concentration would occur a t  a distance of abaut 450 meters, and 
would be 5.31 x Ci/m3. This concentration is less than two 
percent (< 2%) of the ambient standard of 10 CFR 20. 

The allowable annudl off-site ambient radon concentration is 
listed in 10cFLiZ0, m d i x  B, Table I1 as I x lo" Ci/m3. The Same 
worst-case meteorological conditions w e r e  used b; represent a conservative 
estimate of amspheric dilluuon (dispersion). 

Dispersion model calculations indicate that the annual average 
off-site concentration a t  the nearest fenceline (70Om) muld be 
3.96 X -lo ci/m3. mis comx.tration is 13 percent of the ambient 
standard c ,  10 mi3 20. 



CWTROL EOUIPMENT 

I tern I Primary Collector 
( a )  Type (See above code) 1 Charcoal adsorber 
( b )  Manufacturer I N / A  
( c )  Model No. I N/A 
( d )  Year i n s t a l l ed  I 1981 
( e )  Your i d e n t i f i c a t i o n  I N/A 
( f )  Pollutant Controlled Radon 
( 9 )  Controlled po l lu t an t  emission 

r a t e  ( i f  known) . u n k  
( h )  Pressure d r o p  11.5 i n  H,O 
( i )  k s i a n  e f f i c i ency  I 85-99X 

- 

A-2  

Secondary Col l e c t o r  

- 

Control Equipment Code: 5975 
( A )  Se t t l ing  chamber ( G )  Cyclonic scrubber ( M )  Adsorber 

( C )  Multiple cyclone ( I )  Or i f ice  scrubber ( 0 )  Afterburner - c a t a l y t i c  
( D )  E lec t ros ta t ic  p r e c i p i t a t o r  .(J) Venturi scrubber ( P )  Afterburner - thermal 
( E )  Fabric f i l t e r  
( F )  Spray  ch;rSer ( L )  Packed tower 

B) Cyclone ( H )  Impingement scrubber ( N )  Condenser 

( K )  P la te  o r  t r a y  tower ( Q )  Other, descr ibe  

e 
1 5 .  Control Equipment da t a :  

1 6 .  

0 
18. 

19. 

20 .  

2 1 .  

2 2 .  

Are other sources vented t o  t h i s  stzck? 0 Yes No 
I f  yes, i d e n t i f y  sources 

Type: Round,  top  in s ide  diameter dimension 20 inches 0 Reccangular, t o p  inside dimensions ( L )  x ( W )  

f s  Height: i?.hr,.io roof 0 . 3  f t . ,  above g r o u n d  27 I c .  

ACFM, Veiocity 5.73 max ft./min. - E x i t  52s :  IE-3.  Ambient O F ,  Volume 2 t o  50 

Continucus .- mcnicoring equipment: El Yes 0 No 
l r  y e s ,  inclicate: Type Alpha- Track-etch , >‘,anufacturer FMPC 
bkke or Yodel N / A  , Pol l u t a n t ( s )  monitored ambient radon 

Enission d z t z :  Emissions f r o 3  t h i s  s3urce have been deterinined and such d z t a  i s  
included w i t h  t h i s  appendix: Yes rJ No 

I f  yes, cneck method: c] Stack Test 0 Emission fac tor  Katerial  b a h m  
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USE 4 BOLTS FOR 
TEMPORARY COVER 
WITH RED RUBBER 
GASKET. 

MATCH MARK TOP FOR 
90"L DISCHARGE DIREC 

6'' STL goo ,-, FLOW DIRECTED 
TO TANK WALL 

WESTINGHOUSE MATERIALS COMPANY OF OHIO 
FMPC FERNALD, OHIO 

TEMPORARY MANWAY COVER ( 4  REQ'D) 
K-65 SILO PROJECT 

TION 

. . . Creating a Safer Tomorrow 
8 ITCORPORATION 
2 ALL COPYRIGHTS RESERVED 

Do Not Scale This Drawing 
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U 
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METHYLENEL 
CHLORl D E  
SOLVENT 
(55 GAL. DRUM) 

-AIR - 
AIR COMPRESSOR 

FLUOROCARBON 
)BLOWING AGENT 

GAS CYLINDERS 

POLYOL-J 

WESTINGHOUSE MATERIALS COMPANY O F  OHIO 
F M P C  FERNALD, OHIO 

POLYURETHANE FROTH / W U R  SYSTEM 
K-65 SILO P R W E C T  

.,a . . . Zreating a Safer Tomorrow D IT CORPORATION 
ALL COPYRIGHTS RESERVED 
‘Do Not Scale This Drawing 
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ANTICIPATED FOAM PATTERN 
ON K-65 RESIDUE SURFACE 
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LANCE 
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SOLVENT 

FOAM EQUIPMENT 
TRUCK 

I II I COMPRESSOR 

uu 
FOAM REACTANT 
TANKS 

. . . Creating a Safer Tomorrow 
0 ITCORPORATION 

2 ALL COPYRIGHTS RESERVED 
00 Not Scale Thus Drawing 

WESTINGHOUSE MATERIALS COMPANY OF OHIO 
FMPC FERNALD, OHIO 

K-65 SILO PROJECT 
TYPICAL FOAM APPLICATION ARRANGEMENT FOR 
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L2 FEET I PHASE I 1 \L/ I PHASE 2 
K-65 RESIDUE UNDF Z?OUND 

I PHASE 3 1 I PHASE 4 1 

I PHASE 5 

............ ............................. .................... ......................... 

................................... 
................ .................................... 1-7 ................. 

I / PHASE 6 1 
SAME AS PHASE 5 

E L A S T O M E R  

R I G I D  F O A M  

F L E X I B L E  F O A M  

WESTINGHOUSE MATERIALS COMPANY OF OHIO 
FMPC FERNALD, OHIO 

K-65 SILO PROJECT 
SEQUENCE 'OF FOAMING OPERATION 

ALL COPYRIGHTS RESERVED 5 . . .  Creating a Safer Tomorrow 3 IT CORPORATION 
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APPENDIX - Carbon System Supp l i e r  Brochure 
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unique advantages of adsorption 
in highly cost effective designs. 

0 MODULAR ADSORBERS FOR AIR 3 XTOX POLLUTION CONTROL, PROCESS 
GASES 

MODULAR ADSORBERS FOR 
LZIAT! ? POLLUTION CONTROL. 
PROC PSS LIQUIDS 
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Air Exhausts 

MODULAR ADSORBERS FOR AIR 
POLLUTION CONTROL, PROCESS 
GASES 

Vacuum Pump Exhausts 
0 Drumming Stations 

Process Air Intakes 
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 unique' vapor distributors to deliver full 
adsorbent utilization and peak removal efficiency, at low pressure 
drop and low operating costs. For example, the NlOO (55 gallon) 
contains 40% more active carbon than competitive models with gravel 
bed supports. giving NlOO improved performance and service life, 
but operating at about half the flow resistance. Cost effectiveness is 
improved about 50%. The unique larger flow NIXTOX models offer 
similar design advantages. 

Model numbers designate maximum flow in CFM. 
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 700/0 ex- 
hausted. Standard construction is corrosion-resist- * zzzzzzzz' 
ant steel with stainless steel screen distributor. For Standard Flow 
extraordinarly corrosive situations. NlOO XP is built Pallern 

13 
entirely of cross-linked high density polyethylene, N103-Nl50008 

PVC and fiberglass. All models may be refilled or discarded aftersatura- 
tion. The NlOO converts to a D.O.T. 58 hazardous waste disposal drum. 

Lelt to right (Foreground) NlOO XP. NlOO 
(Middle) N lM.  N250. (Rear) N500 08 

Larger NlSOO OB IS not snown 

. N3000 
appearance 
snown 

NlOOO 
xternal 
IS not 

N500. 
same e 
NlOOO. 

Similar larger NMM). NEW0 are no1 mown 

Accumulator Cabinets 
These accessories collect flow from Models N50GN3000, 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 (N3OOO) 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. 

0 
See Soecrhcations and Prowrtlef 
page lor detauion NIXTOX Models ' * . 

Models N500, N1000, N1500, N3000, N5000, N8000 
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 normally sufficient for long 

life and high efficiency The radial design also 
results in a very compact adsorber. often requiring 
no more floor space than panel filters with an inch 
or less adsorbent bed depth Typical flow is from a 
central stainless steel screened distributor'. out- 
ward through adsorbent, exhausting through 
external stainless screened ports Flow is reversible 
i f  preferred Units in the N500-8000 series are 
normally recharged. with parallel arrangements 
of smaller flow units used i f  vessel disposal is 

Flow desired after adsorbent saturation Vessel con- 
Pattern struction is corrosion-resistant steel. with other 

NSOC-NBMM vessel materials available on custom order The 
larger N5000 and N8000 units have similar flow 
patterns. but are shipped in segments for field 
assembly 

'US PATENT 4,379,750 
CANADA PATENT I 197 075 

ACcumu10l0l Cabinels lor N500 lell. 

01 similar appearance but 01 larger size 
and NlMW)/tMO The cabinel lor N3WO IS 

- 2 -  



MODULAR ADSORBERS FOR 
WATER POLLUTION CONTROL, 
PROCESS LIQUID PURlFlCA TlON 

Waste WaterMlash Water Laboratory Wastes Spill Control 
Radioactive Waste Water Process Streams/Solvents Protect IX, RO Units 

Models C15, C15 XP, C20, C25, CSO, C100 
Pari 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 potentia. or to obtain ultraiow impurity levels by maximizing 
adsorbent:liouic; contact time. I ' . t t s  employ a proprietary' liquid 
collection system that promotes .!en flow distribution for effective 
purification. maximum adsorbent utilization efficiency and low flow 

Construction is double epoxy/phenolic or double phenolic lined 
steel as standard. The C15 XP vessel is cross-linked. high density 
polyethylene with PVC and fibermeass internals for highly corrosive 
duty. Standard units have full : '1 heads for replacing adsorbent, 
but can be provided in closed '. d versions as needed. 

For disposal of hazardous wasiec. the saturated C15 converts to a 
D.O.T. 58 drum. Conversion capability is of interest with non-carbon 
sorbents as well. for example in nonregenerable uses of ion exchange 
materials to isolate radioactive wastes. 

. resistance. 

Lelt to rlgnl: CANSORB C50 HDS. C25HDS. C35 HDS 
C75 HOS. CtW HDS. ana C2M) HOS. not piclurea. 

are similar units 01 successively larger size 

See Specdicarrons and Prommes page for derails 
on CANSORB ana CANSORB HDS moaels. 

Let1 to right: (Foreground) C15. C l S  XP: 
(Middie) C20. C25. (Rear) C50. 
The larger CIW IS not shown. 

Standard Flow 
Pattern - AII 

CANSORB ana 

units 
CANSORB nos 

CANSORB - IiDS Models C25, C35, CSO, C75, C100, C200 
Units at left are designed for permanent installation/reuse and extra 
convenience in refilling 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 polyethylene Ad- 
sorber tops and bottoms are reinforced as needed to suppress flexing 
in service lnternals are stainless steel, PVC and fiberglass Separate 
fittings 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 ball 
valve for removing spent adsorbents 

'U S PATENT 4 379.750 
CANADA PATENT 1.197.075 

z 

NIXTOX iilters are normally entirely IrouaIe ~ree In use. However. certain airwrne materiais can underqo oxoaatnon. wlymerizataon or o*i.~i cnemical IF 

laclive carDon). often waln the liberalion 01 heat The use of N IXTOX fillers 10 COnl rOl  subslances sucn as OIOM). metnyi-etnty ketone (Ui-.. ana concer. 
not recommended for these reawns I 1  there 0s any doubt concerninq the compatabII~Iy 01 aclwalea charcoal wnth your atr or gas slream , IGG Corpora:**. 
sample 01 11s adsorbent 101 aDgropr#aIe tests In the event Ihe N I X T O X  Unit IS 10 W Connected lo a storaqe lank or O l n e r  source 01 llammnnle meterjat. 1r.r Drecaiilionaly use of a Suitable tlnme a1 
connection lene IS recommended. 

CANSORB toller paponq snoula be pressure relieved. parlac~larly 11 me adsoraws are lea by a positive displacement pump or otnef w~ential swrces  01 htgn system pressure In uPSet COndl t lOns 1 'atly. 
CANSORB units should be vented during extended shut-downs. to IeIieve gases mal might result from biological action on adsorbates. 

ENVIROSORB LAB SENTRY. BENCH SENTRY ana ODOR MAGNET Idlers are oesaqnw IO reduce concenrrations 01 adsorbable oaom ana other Undesirable adsorbsale gaws ana vnoors rhrs larpery 
asrneroc ourpaso o nar tnrended ro subsrm;s f.?: nooa satery or rsntdarion pramcos. nor IO subslwte lor devrces sucn as mdiv#dual r ( ~ p i r a 1 0 r s  or hlters cesqnw 10 tmow worlv adsorow subsrancns Such 
as carbon monoxrde 

Ins witn. or In tne Dresence of. activa 
I O.ldanl Streams SUCn as Olvgen a 

a 1 1  be happy 10 Comment 01 I O  SuDDI *: CAUTIONS 
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AND MEDICAL WORK SPACE 
AIR FILTERS 

L b;..Q 7 , !  

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 regular chemical hood system. 

The filter may be placed on counter or bench 
top, under a standard chemical hood. or can be 
fitted with connections (Parts EL-%. EL-BA) 

LAB SENTRY 
AIR PATTERN 

6 to an exhaust duct. 

Construction is lightly brushed stainless steel. ~ ; ~ ~ p ~ i r  

with tempered safety plate observation window. Wdrk Area 
The unit includes work light. switch. electrical 
plug and cord. spill tray, filter grille. rinsable 
particulate filter and TIGG's unique ADSORB- 

0 ,  c200 
ind extra 
1 unique' 

in flow 
naximum 
1 1  above.) , 

mge top. 
lene. Ad- 
jS  flexing 
Separate 
lout dis- 
t in posi- 
gin9 ball 

379.750 
N T  1.197.015 

OND filter panel - see below. An electronic fan 
assures efficient air movement without disturb- 
ing normal conversation. 

Fllter 
Removes 
vaoors 

l h e  EL-Z LAB SENTRY mooet IS oiclufed The larger 
E L 4  BENCH SENTRY" tor r?tectronic soldering 

and Other wdrk stalmns 1s 0 1  smt ia r  design 

Specifications on otner side of this page 

TIGG ADSORBOND'" BONDED ADSORBENT PANEL FILTERS 
ENVIROSORB laboratory and room air filters are available with a highly innovative adsorbent system, in which the exclusive 
TlGG ADSORBOND process unites adsorbent particles into a porous panel. The result is a lighter. dust free filrer with lower flow 
resistance. yet with no loss in saturation adsorption capacity. 

Panels are faced 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 i f  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 panels for loose adsorbent particles. are available from TIGG. 

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

ENVIROSORB ODOR MAGNET'" ROOMNORK SPACE AIR FILTER 

The ODOR MAGNET is designed for spaces in which odor'sources 
can overwhelm air fresheners or filters with modest activated carbon 
contents. Typical applications include areas in which workers are 
exposed to chemical. flavor or perfume odors. or general indoor 
pollution common to energy-conserving buildings. In medicine. 
ODOR MAGNET can suppress environmental levels of certain anes- 
thetics and prep supplies. as well as attenuate odors in rooms o f  
incontinent patients: or those with severe infections. burns or 
advanced malignancies. 

Construction is pebbled aluminum with a stainless 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- 
fere with normal conversation. The 
unit has two rinsable dust filters and 
two ADSORBOND active carbon filter 
panels. contained behind louvered 
doors for easy access. A unique air 
pattern focuses filtration where the 

air exchange and odor control at 
minimal power and noise level. A night 
light and electrical convenience outlet 
are available options. 

-A customer put it best: 
"It's like opening a window, 
but without the energy loss." 

& 
room is occupied. producing effective ODOR MAGNET 

EXCHANGE PATTERNS 
'Idw Duoi'catea 

On Otner Side 0 1  Unit 

ENVIROSORB ODOR MAGNET 
snown w n  night iignilouiiet option 

See reverse 01 this page lor spBciiIcalions . .  

- 4 -  
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SPECIFICATIONS and PROPERTIES 

sulfate and mixed sorbent media adsorbers are also offered. 
Installation and Ooerating Instructions are sent with each unit 

TlGG products use no recycled vessels or reactivated adsorbents. 
Standard adsorbents are activated carbons. Treated carbons. ion exchange materials. molecular sieves. activated alumina, silica gel. 

Unlt 
NIXTOX (') 
Nl00 
NlWXP 
N150 
N2M 
N500DB 
N150008 
N 500 
N l O W  
N1500 
N3000 
N5000/8OW 

CANSORB 
C15 
C15XP 
c 2 0  
C25 
C50 
Cl00  
C Z ~ H D S  
C J ~ H D S  
C ~ O H D S  
~ 7 5 ~ 0 s  
citmnos 
CZWHDS 

Design Madrnurn Connectlons 
CFM (GPM) palg. 1.1 'F NPT (DUCI) 

100 10 350 
100 10 165 
150 10 350 
250 0 350 
500 6 350 

1Mo 6 350 
500 Open 350 

too0 Open 350 
1 M o  Ouen 350 
3000 Open 350 

See separate specitication Shwt 

I 151 12 
f 151 12 
I 201 12 
I 25) 8 
I 501 6 
f 1001 6 
I 251 12 
I 351 12 
I 501 12 
I 751 12 
(1001 10 
(200)  8 

230 3 / 4 F  
165 314°F 
230 1 ° F  
230 1 1/4"F 
230 2°F 
230 3°F 
165 1 ll4"M 
165 1 1/2"M 
165 2"M 
165 2 1 / 2 M  
165 3"M 
165 4-M 

la) Per Unit Series pressures additive on upstream units 
(b) For fan-equipped add 1 8 "  and 50 Ibs (N100-500). 25" and 80 Ibs 

(N1000. 1500). 29" and 190 Ibs (N3000) 
fcJ At  maximum flow Superficial Contact about 50% greater 

ENVIROSORB 
Voltage/ Fan 

LAB SENTRY 25 115. 50160 01 
BENCH SENTRY 45 115. sol60 0 2  
ODOR MAGNET 125 115. 50/60 1 0  

Model CFM@) Cycler, HZ Amps 

(a) 20% less CFM at 50 HZ 

STANDARD ACTIVATED CARBONS 

24/35 
24/38 
27140 
32/44 
48/74 
82/67 
24/35 
32/44 
32/44 
48/70 

24/35 
24/37 
27/40 
32140 
48/72 

33/58 
41/64 
47/64 
57/79 
73/93 

1 3 ~ 2  

9,l/100 

7 
7 

10 
14 
63 

190 
7 

14 
10 
52 

2.2 270 
2.2 228 
2.2 385 
1 8  510 
3.9 2275 
3.9 ~ 1 1  

0.5 300 
0.5 565 
0.3 475 
0.7 1950 

6 (2.11 
6 (2.11 
9 (2 31 

12 12 51 
63 17.21 

115 16.1) 
12 12.51 
22 ( 3  41 
31 (3.41 
59 14 1 1  

115 (6.11 
230 16 1 1  

220 
.I80 
310 
415 

2120 
4900" 

675 
1195 
1525 
2965 
5490". 
91M)"' 

(d) Active carbon basis. Higher I f  prewetted or other adsorbents 
(e) Available with nonsparking fans. all motor types/voltages/ 

phases 
(1) Adsorbent normal\y shipped separately lo  f i l l  on-slte 

L M I H  
Cord. ft. Swltch Inches 

6 Rocker onloff 22/20/15 
9 Rocker onloff 30/28/20 
9 R heostatic 18/18/31 48 

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

Bulk Denrlty U.S. Sieve lodlne No. Carbon Tetrachloride Molmses No. 
TY P mg./g. mln. Welght % mln. mln. 90% mln. Ibr./cu. 11. approx. 

TlGG 5C 0410 (NIXTOX) 1050 60 - 4 x 10 30 
230 12 X 40 26 

ENVIROSORB/ADSORBOND 1050 60 - 4 x 8. 10 30 
ENVIROSORB/Steel Frame 1050 60 - 4 x 8. 10 30 

TlGG 5D 1240 (CANSORB) loo0 - 

FLOW RESISTANCE 

NIXTOX MODELS CANSORB MODELS 

- 5 -  



OPERATIONAL NOTES 

A CC ESS 0 RI ES/O PTlO NS 
NIXTOX and CANSORB models are available with fanho to r  or pump/motor combinations. rigid or flex prepiping. valves, quick disconnects. 
prefilters. postfilters. totalizers, rotometers. flame arrestors. temperature and pressure gauges, adsoibents prewetted with water or other 
process fluids. specialized adsorbents and chemisorbents. ENVIROSORB ODOR MAGNET options are night light and electrical outlet. 

INSTALLATION/OPERATION 
All NIXTOX. CANSORB and ENVIROSORB models include the initial adsorbent f i l l  and arrive ready for operation. After inlet 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: 

0 
SINGLE PARALLEL SERIES -Ey;:]=> -0-0- To lully saturaie 

tank vent. odor -’ upstream unit M 

water neeas. greater contact time transfer zone. 

-0- 
Suflicienl for most 

control ana waste conlain long mars For hlgh flow rates or 

REPLACEMENT/RECHARGlNG 
The smaller NIXTOX and CANSORB models 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 completely sealed when spent. Additionally. NlOO and C15 
convert to D.O.T. 56 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 units are most conveniently emptied by waterladsorbent 
slurry or vacuum wand. Make-up adsorbents are available from TIGG. 

Replacement of ENVIROSORB filters is simply a matter or removing the spent filter panel 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 i f  available in sufficient volume. 
The disposal method may be governed by the nature of adsorbate@) on the spent material. 

SPECIAL PRODUCTS/SERVICES 

In addition to the standard products described in this bulletin. TlGG has the capability to design, fabricate and assemble products with custom 
modlNcatlons or to work with firms that may need unlque adsorptlon products or systems. These individualized products have ranged from 
one-of-a-kind adsorbers to solve unusual or particularly challenging purification problems, to large scale prlvate label productlon of  hlghly 
speclallzed adsorptlon systems. Systems and units designed and built by TlGG have won IR 100 and Pollurron Engrneerrng’s 5-Star Product 
Advancement Awards Our new ADSORBOND adsorbent bondlng process creates additional possibilities for innovative adsorbent products 
and adsorption devices Please write or call i f  these capabilities might help you solve a problem or attain a marketing goal 

0 

NIXTOX CANSORB and ENVIROSORB Iiiters are shlpoea F 0 B TiGG Southcentral Operations neber 
Springs Arkansas Thls modern laciiiiy is dWicatW solely to the labrocalion 01 aasoroeni products modular 
adsorbers. and adsoroiion systems 

TlGG CORPORATION 
BOX 11661 

PITTSBURGH. PA 15228 

TELEPHONE. (412) 563-4300 
TELEX: 269312 TlGG PlTT (RCA) 
CABLE. TIGGCOR PITTSBURGH 

93100323 
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DYNAMLC ADSORPTION OF RADON ON ACTIVATED CARBON 

Kaye P.  S t r o n g  and Desmond M. Levins 
Australian Atomic Energy Commission 

Research Establishment, Lucas Heights, 
Sydney, N.S.W. 2232 Australia. 

Abstract 

The adsorption of 222Rn from a i r  onto activated carbon was studied over the 
range 0 - 5 5 O C .  A sharp pulse of radon was injected i n t o  an a i r  stream t h a t  flowed 
through a bed , o f  activated carbon. The radon concentration i n  the ex i t  from the 
column was continuously monitored using a zinc su l f ide  a-scint i l la t ion flow ce l l .  
Elution curves were analysed t o  determine the dynamic adsorption coefficient and 
the number of  theoretical stages. 

I 
I 

Five types of activated carbon were tested and the dynamic a d s o r p t i o n  co- 
eff ic ient  was f o u n d  t o  increase l inearly with surface area i n  the range 1000- 
1300 m2g-'. The adsorptive capacity of activated carbon was reduced by up t o  
30 per cent i f  the entering gas was saturated w i t h  water vapor  and  the bed was 
in i t i a l ly  dry. If the bed was allowed t o  equi l ibrate  with saturated a i r ,  the 
adsorptive capacity was too low to  be of practical use. 

times the p a r t i  l e  diameter and occurred a t  superf ic ia l  velocit ies w i t h i n  the range 
0.002-0.02 m s . 
determined by the ra te  of mass transfer.  
design of activated carbon systems for- radon retention i s  discussed. 

The m i n i m u m  height equivalent t o  a theoretical stage (HETS) was abou t  four  
-5 For superficial velocit ies above 0.05 m s - ' ,  the HETS was 

The application of  these results t o  the 

0 
I .  Introduction 

Three isotopes of radon occur in nature - 222Rn (ha l f - l i fe  = 3.8 days)  i n  the 
uranium-238 decay chain, 220Rn (ha l f - l i f e  = 56 s )  or thoron from the thorium decay 
chain, and 219Rn ( h a l f - l i f e  = 4 s )  from the actinium decay chain. 
are n o t  a s ignif icant  radiological hazard in themselves b u t ,  because of their  
mobility as gases, they ac t  as vehicles for dispersal of t he i r  alpha-emitting 
daughters. Radon-222 i s  the most significant isotope of radon both in terms of 
occupational exposure i n  uranium mines and public exposure result ing from i t s  
dispersal. The present approach t o  radon control in underground mines i s  t o  reduce 
the concentration to  acceptable levels by forced ventilation. As easily accessible 
uranium is  mined o u t ,  there will be a trend towards deeper mines where the technical 
problems and costs of forced ventilation could be prohibitive. 
approach would be to  extract  the radon from mine a i r  in the vicini ty  of the working 
face. 
activated carbon a t  ambient temperature was the most promising approach in terms 
of technical f eas ib i l i t y  and cost. 

Radon isotopes 

An a1 ternative 

An assessment of radon removal processes(') concluded t h a t  adsorption on 

A 
This study of radon adsorption on activated carbon was undertaken t o  obtain 

ore detailed and accurate mass t ransfer  d a t a  t h a n  are currently available(-2].  
the ' .results a re  of value i n  the design of: 

e Large scale  equipment t o  remove radon from underground mine a i r  
by adsorption a t  ambient temperature(' , 3 )  . 
Gas masks or  canisters containing activated carbon for short-  
term Use in atmosDheres cnntainina v n r v  h i n h  r a A n n  rnnrnn+-a+;--- 

000123 
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I such as unventilated stopesC41, 
& \ -  

. I .  

0 Appara tus  used in the analysis  o f  222Rn  a n d  226Ra b v  methods . .  
a ,  , 4 -  

that involve the co l lec t ion  of radon on act ivated carbon(s*6) .  

0 Systems for  delay of 220Rn  t h a t  i s  released d u r i n g  reprocessing 
o f  hi gh-temperature gas-cooled reactor ( H T G R )  f u e l s  ( 2 , 7 )  . 

I I .  Experimental Procedure 

Figure 1 shows the experimental set-up. Medically pure a i r  was supplied a t  
the required f l o w  ra te  and humidity t o  a bed of activated carbon. The temperatures 
of the carbon bed a n d  the i n l e t  a i r  temperature were controlled t o  +l0C by e l e c t r i -  
cal  heating. Humidity was adjusted by d i v e r t i n g  a l l  or p a r t  o f  the a i r  t h r o u g h  a 
75 mm diameter column f i l l e d  w i t h  water a n d  packed t o  a depth o f  0.37 m with 5 mm 
Raschig rings.  The moisture content of the a i r  was determined by diverting the a i r  
through a s i l i c a  gel t r a p  and measuring the weight g a i n .  
most experiments, the activated carbon was conditioned by passing dryoai r  t h r o u g h  
the bed for  16  h o u r s .  In a few experiments, the bed was heated t o  60 C and  evac- 
uated overnight. 
conditions:-  
humidity = 0%,  weight of carbon = 50 g and  column diameter = 1 7  mm.  

Before commencement of 

Except where indicated,  experiments were conducted a t  standard 
super f ic ia l  veloci ty  = 0.087 m s - l ,  temperature = 25'C, r e l a t i v e  

A t  the beginning o f  each experiment, a i r  was momentarily diverted t h r o u g h  a 

Typically,  about 0 .5  pC' 
Zinc s u l f i d e ,  a -sc in t  

bed containing 200 g . o f  h i g h  grade (about 30% U )  uran ium o r e ,  resul t ing in the 
in jec t ion  of a sharp pulse of radon i n t o  the carbon bed. 
of 222Rn  was extracted from the ore bed w i t h  each milking. 
l a t i o n  flow c e l l  detectors  located a t  the i n l e t  and o u t l e t  of the adsorption bed 
monitored both the pulse i n p u t  and the subsequent e lut ion of radon from the bed. 
Hold-up times on the act ivated carbon varied from about 30 rnin t o  24 h .  Counts 
from the o u t l e t  detector  were integrated using a ratemeter w i t h  a time constant of  
40 s and graphically recorded. 
cards f o r  processing by a computer. 

m 
The data from the chart  recorder were punched on 

Five types of act ivated carbon were tes ted for  t h e i r  e f f ic iency  in adsorbing 
radon. 
(0-55'C), r e l a t i v e  humidity (0- loo%),  bed depth (0.09-0.9 m )  a n d  column diameter 
(17 -75  m m ) .  

Variables investigated included a i r  velocity (0.002-0.3 m s - l )  , temperature 

111. Flow Cell Detectors 

The design of the radon flow c e l l  detectors i s  shown i n  Figure 2 .  The 
detectors  were a modified version of a s c i n t i l l a t i o n  c e l l  used in the analysis  of 
226Ra by emanation of  222Rn.  The c e l l s ,  machined from Lucite (trademark o f  
E.I. du Pont de Nemours & Co. Inc . ) ,  h a d  internal  volumes of 165 m e ,  and could be 
e a s i l y  dismantled f o r  cleaning o r  decontamination. 
the flow t o  prevent shor t -c i rcu i t ing  and t o  minimise dead regions w i t h i n  the c e l l .  
All internal  surfaces including the Lucite top and baf f le  were coated w i t h  a thin 
layer  of h i g h  p u r i t y  ZnS(Ag) s c i n t i l l a n t .  The coating was applied by greasing a l l  
surfaces  l i g h t l y  w i t h  vacuum grease and adding a few grams of ZnS(Ag) powder. The 
s c i n t i l l a n t  was then tumbled in the c e l l  u n t i l  a uniform surface coating was 
obtained. 
the central  b a f f l e  improved the counting geometry by reducing the average p a t h  
l e n g t h  t h a t  an a - p a r t i c l e  could t ravel  before s t r i k i n g  a surface coated w i t h  
s c i n t i l l a n t .  The flow ce l l  was sealed by O-rings a n d  placed, without opt ical  
coupling, on top of the photo-multiplier t u b e .  

A cent ra l  Lucite baf f le  directed 

Excess powder was removed from the c e l l .  Besides d i rec t ing  the flow, 

The whole assembly was housed i n  

628 0001fL4 



15th DOE NUCLEAR AIR CLEANING CONFERENCE 

a l ight-t ight enclosure. 
the detectors was less  t h a n  one count per minute while the efficiency for detection 
of  radon and i t s  a-emitting.daughters was over 90 per cent. 

When freshly coated with s c i n t i l l a n t ,  the background of 
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Figure 1 .  Experimental set-up. Figure 2 .  Radon flow cell  detector 

The in l e t  of  each flow cell  contained a glass f iber  f i l t e r  (Whatman G F / B )  t o  
remove any radon daughters from the gas stream. 
formed d u r i n g  passage of radon th rough  the f low ce l l  and  some was deposited within 
the c e l l .  The extent of deposition of radon daughters was determined by measuring 
the rate  of  decrease i n  the count ra te  following passage of a pulse of radon t h r o u g h  
the in l e t  detector. 
a lmost  100 per cent and increased as flow ra te  was decreased. 
was written t o  convert the count ra te  from the detector to the radon concentration 
by taking account of the continual deposition and decay of 218Po and the subsequent 
ingrowth of 214P0.  The efficiency of detection of the 6-emitter 214Bi was assmed 
t o  be zero. 

Nevertheless, 218Po (RaA) was 

The percentage of 218Po deposited varied from 60 per cent t o  
A computer program 

IV. Mathematical Ana lvs i  s 

There are two conventional methods of analysing chromatographic adsorption 
data. 
can be divided into a number of stages of equal volume in which equilibrium always 
ex is t s  between the f luid and the adsorbent. The second approach acknowledges that  
equilibrium i s  never actually reached a t  any point in the column and explains per- 
formance i n  terms of the ra te  of diffusion and other mass t ransfer  processes. 
descriptfons of chromatographic separation rely on the equilibrium stage concept 
md accordingly this approach i s  adopted here. .i o a change in concentration of adsorbing species can be determined by solving N 
f i r s t  order different ia l  equations t h a t  describe the mixing on each stage. 
pulse i n p u t  i n  the adsorbing species and assuming a l inear  isotherm, the elution 
curve i s  (8  99)  

The f i r s t  approach, borrowed from d i s t i l l a t i o n  theory, assumes t h a t  a column 

Most 

The response of N equilibrium stages 

For a 

000125 
(1  1 



:. 

* . ,  

l r ) b l l  YUL ~ * U ~ ~ L C M H  AIH GLtANING CONFERENCE . 

where T i s  dimensionless time normalised t o  the mean residence time, r; T = t / T ;  
and C i s  dimensionless concentration normalised so t h a t  1; C dT = 1 .  
residence time i s  g i v e n  by 

The mean 
+: 
' >  ' 

am 
7- f =  

where F = flow ra te  (m3(STP)s'1), k = dynamic adsorption coefficient (m3(STP)kg-') 
and  m = mass of adsorbent in bed ( k a ) .  
the maximum in the elution curve occurs a t ( 2 )  

Equat ion (1 )  i s  asymmetric for  small N and 

- tmax - N-1 - =  - N  a Tmax 

For large N, Equation ( 1 )  approaches the Gaussian d i s t r ibu t ion ( I0 )  

c3 1 

a n d  the models based on equilibrium stage theory a n d  diffusion rates coincide. 

In pract ice ,  the dynamic adsorption coeff ic ient  can be determined from the 
mean residence time o r ,  more simply, from the maximum in the elution curve using 
E q u a t i o n  (3) .  A number of methods have been proposed t o  cietermine the number o f  
theoretical stages including moment analysis,  calculation of  the variance, the 
r a t io  of peak height t o  area and the method o f  tangents(l1* 12). 
simplest yet  accurate methods i s  t o  measure the width of the elution curve half-wa 
up the peak ( A t + ) .  
found t o  s a t i s fy  the following re la t ion ,  

One o f  the 

Peak widths  were determined numerically from Equation ( 1 )  and  

(5)' = 0.180 N - 0.194 

Since the number o f  theoretical stages depends on column length ( L )  a n d  the 

These terms 
diameter of the packing (d ) ,  the HETS and the reduced height o f  a theoretical 
plate (h)  are frequently qeoted as indices of column performance(13! 
are defined by the equation, 

V .  Results and  Discussion 

Shape of the Elution Curves 

computer t o  determine the dynamic 
adsorption coeff ic ient  from Equation ( 3 )  and the number of theoretical stages from 
Equation ( 5 ) .  For the packed beds used in these experiments, the number of theo- 
re t ical  stages generally varied between ten a n d  one hundred. The theoretical 
elutioh curves were calculated from Equation ( 1 )  a n d  compared with the experimental 
curves. 

The radon elution curves were processed L 

Figure 3 compares a se r ies  of experiments using varying bed depths of 
Pittsburgh PCB activated cz*"-on. 
f i t t e d  the theoretical cur*,tzs quite closely even when the number of theoretical 

In general, the experimental elution curves 

6 30 000126 
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stages was so low t h a t  the  asymmetry in the e lu t ion  curves was obvious. 

activated carbon. 

A s l igh t  
degree of t a i l i n g  was noted i n  the experiments using Sutcliffe-Speakman type 207C. I .-q:-\ 

I6 

I4 

12 

1 I 1 I i 

- 

- 

0 

Figure 3. Shape of e lu t ion  curves. 

Ai r Vel oci t y  

As expected, the dynamic adsorption c o e f f i c i e n t  was found t o  be independent - 
of a i r  flow rate .  
HETS for  Sutcliffe-Speakman type 207C act ivated carbon. 
four times the p a r t i c l e  diameter. 
increased 1 inear ly  w i t h  veioci t y .  

Figure 4 shows the e f f e c t  of super f ic ia l  a i r  velocity on the 
The m i n i m u m  HETS was about 

For ve loc i t ies  above 0.05 m s - l ,  the HETS 

The shape of Figure 4 a rees with the van Deemter equation f o r  the e f fec t  of c a r r i e r  gas veloci ty  on HETS (Q41 . 
B HETS = A + ( 7 )  

*is the super f ic ia l  gas veloci ty ,  A ,  B and C a r e ,  respect ively,  the coef- 
due  t o  eddy d i f fus ion ,  longitudinal d i f fus ion  and res is tance t o  mass 

ransfer  which occurs primarily w i t h i n  the adsorbent p a r t i c l e .  The value of the i constants i n  Equation ( 7 )  t h a t  give the best f i t  t o  the experimental data a re  
A = 2 . 7  x 10-3m, B = 7 . 3  x 10-6m2s-1, C = 0.12 s .  
carbon, Equation ( 7 )  can be expressed i n  dimensionless form a s ,  

For Sutcliffe-Speakman 207C 

000127 
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where Pe = Peclet number based on sueerficial  velocity (d u / D )  and D = diffusi  
coefficient of adsorbate (D %10-5m2s 
and (8) a r e  similar t o  published d a t a  for other noble gases(2,  1 2 ’  1 3 ,  I s ] .  

f o r  radon) .  The c h d t a n t s  in Equations 

F”-,ire 4.  Effect of superficial  velocity on HETS (temperature = 25OC) 

Temoera ture 

Figure 5 shows t h a t  within the temperature range 0-55OC the dynamic adsorption 
coefficient ”ollows the Arrhenius equation. The calculated heat of adsorption i s  
6.9 kcal mol-1 (29 kJ mol-’) which compares well with values in the range 6.1-7.1 
kcal mol-’ (26-30 kJ mol-’) reported in the l i t e ra ture( ’ ,  2 ) .  

Figure 6 shows the e f fec t  of temperature on HETS f o r  Sutcliffe-Speakman type 
The HETS increased with temperature i n  a ?O’C carbon a t  constant molar flow rare .  

i i l a r  ci;iy t o  t h a t  reviTusly repor”:d f o r  adscrption of krypton a n d  xenon on 
.:ivatc,: carbons(I3 P . :;le theore t i , a l  e f fec t  of temperature on HETS i s  complex 

since the effects  due t o  changes in the diffusion coeff ic ient ,  gas velocity and  the 
dynamic adsorption coeff ic ient  often ac t  i n  d i f ferent  direct ions(’’) .  
Figure 6 correspond to  the case in which mass transfer makes the major cmtr ibut ion 
to HETS. I n  t h i s  case, for a r i s e  in temperature, the diffusion coefl;cient in- 
creases t h u s  tending to  decrease the HETS, whereas the increase in gas velocity and  
the f a l l  in the dynamic adsorption coefficient tend t o  increase the HETS. The 

a f fec ts  the relat ive times t h a t  the adsorbing species FTends i n  the adsorbed s 

HETS should f a l l )  a s  temperature i s  decreased(”).  

The d a t a  in 

biggest e f fec t  i s  caused by the change in dynamic adsorption coefficient since 

and undergoing mass t ransfer .  Overall the perfonancc ;hould improve (i .e. 

000128 
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a HETS h Mass Mean S u r f a c e  Area k 
Shape Diameter ( y 2 .  m3(STP)kg-’ ( m m )  Source 

m29-1 
Type 

(mm) 

S u t c l  iffe-Speakman Coconut f l a k e s  1.2 1000 3.53 14.9 12.4 
207,c shel 1 

e x t r u d e d  4.7 1150 4.61 66.9 14.2 
cy1 i nders  4.7 1200 4.66 67.9 14.4 

5.00 5.6 8.0 

Norit RFL3 P e a t  
N o r i t  RLll l  P e a t  

Coconut chips 
s h e l  1 J1 t r a s o r b  SC2 

Coconut f l a k e s  2 .5  1300 5.69 22.9 9.2 s h e l  1 P i t t s b u r g h  PCB 

0.7 ’ 1200 
1- 

- 
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Figure 5. Temperature dependence of the 
dynamic a d s o r p t i o n  c o e f f i c i e n t  

301--- 

1697s 

5 t  

Figure  6 .  Effect of tempera ture  
on HETS 

Type of Carbon 

A comparat ive s t u d y  was made of  f ive commercial g rades  of a c t i v a t e d  carbon a t  
t h e  same s u p e r f i c i a l  v e l o c i t y  (0.087 m sW1)  and o t h e r w i s e  i d e n t i c a l  c o n d i t i o n s .  
There was a wide v a r i a t i o n  i n  performance a s  shown i n  Table  1 .  The measured dynamic 
a d s o r p t i o n  c o e f f i c i e n t s  ranged from 3.53-5.69 m3(STP)kg-’ compared w i t h  v a l u e s  
ranging from 0.90-7.50 m3(STP)kg-’ i n  t h e  p u b l i s h e d  1 i t e r a t u r e ( ’ S 2 ) .  F igure  7 shows 
a p o s i t i v e  c o r r e l a t i o n  between the dynamic a d s o r p t i o n  c o e f f i c i e n t  and s p e c i f i c  sur- 
face  a r e a .  
krypton and xenon on a c t i v a t e d  carbon where the dynamic a d s o r p t i o n  c o e f f i c i e n t  
passed through a maximum a t  a s u r f a c e  a r e a  of  900 m2g’l 

T h i s  i s  i n  c o n t r a s t  w i t h  the r e s u l t s  o f  Kovach(16) f o r  a d s o r p t i o n  of 

Table  I .  P r o p e r t i e s  and performance o f  a c t i v a t e d  carbons  
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Figure 7 .  Relation between surface area and  dynamic adsorption coefficient 

Par t ic le  s ize  i s  the most s ignif icant  factor affecting the HETS. 
appears t o  be a residual correlation between reduced height of  a theoretical stage 
and b o t h  par t ic le  diameter and  kabut these effects  are d i f f i c u l t  to  unravel. Pre- 
diction of bus ing  Equation ( 8 ) ,  which s t r i c t l y  only applies t o  Sutcliffe-Speakman 
207C carbon, gives reasonable agreement w i t h  the experimental d a t a  except for the 
two Norit carbons. 
define an effect ive diameter f o r  use i n  the Peclet number, and the predicted values 
of h u s i n g  the mass mean diameter are about twice the experimental values. 

There 

For these extruded cylindrical carbons i t  i s  d i f f i c u l t  t o  

Bed Heiqht 

Four experiments were carried out w i t h  bed heights ranging from 90-900 mn b u t  

?era y been 

w i t h  otherwise identical  conditions. The dynamic adsorption coeff ic ient  waz con- 
s t an t  b u t ,  as shown i n  figure 8, the HETS increased s l igh t ly  as height w.as .?ised.  
T h i s  i s  a well-known phenomenon i n  chromatographic columns which has 
explained i n  terms o f  the change i n  velocity t h r o u g h  the bed due t o  the pressure 
drop(10, l l ) .  

progressive increase ;.TI chaxreling in the area of high voidage nea 

since the pressure drop was only 1 kPa per meter of packing. 
explanation for  the deterioration i n  performance as bed height i s  raised i s  the 

the wall. This effecc. has ';*?en observed.iz o t h e r  nass transfer 
equipment and can be remedied in very deep beds by installation of 
redistributors at regular intervals along the column. 

In the present case, t h i s  does n o t  appear to  be the explanation 
A more plausible 

000130 
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b temperature = 25"C, superficial velocity = 0.087 m s- ') 
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A reduction in performance with increase i n  diameter of chromatographic 
columns has been reported by many workers and  i s  usually attr ibuted t o  an  uneven 
flow profile across the column(11). To determine the e f fec t  of column diameter on 
performance, three experiments were conducted w i t h  column diameters ranging from 
1 7  t o  75 mm a t  constant superficial velocity. Each column was carefully packed t o  
the same b u l k  density (0.47 kg R - l )  w i t h  Sutcliffe-Speakman 207C activated carbon. 
The experimentally measured HETS was 5 . 7  mm f o r  both 17  mm and 38 mm diameter 
columns and s l igh t ly  higher (6 .4 mm) f o r  the 75 mm column. This variation in HETS 
was probably within experimental error and these experiments do n o t  indicate a 
significant e f fec t  of column diameter on performance. 

H u m i  d i  ty 

The effect  of water vapor  on radon adsorption was studied in two series of  
experiments. 
w i t h  water vapor  by passing humidified a i r  t h r o u g h  the bed a t  the t e s t  conditions 
for 16 hours. 
factory a t  low re la t ive  humidities (<15%) b u t  deteriorated rapidly for  higher 
humidities. The dynamic adsorption coefficient was reduced t o  50 per cent of i t s  
ini t ia lAvalue a t  30 per cent re la t ive humidity. The reduction in kawas matched by 
a corresponding r i s e  i n  HETS. A few experiments were carried o u t  a t  100 per cent 
humidity b u t  the retention time was too low to be a f  practical use. 
considerable sca t t e r  in the results of these experiments and local condensation of 
water was suspected. 

In the f i r s t  s e r i e s ,  the activated carbon bed was f i r s t  equilibrated 

Nhen equilibrated in th i s  way, the performance of the bed was sa t i s -  

There was 

In the second segies of  experiments, humidified a i r  was passed into a dry bed 
a t  a temperature of 25 C and a superficial velocity of 0.087 m s-l .  Figure 9 shows 
that the dynamic adsorption coefficient decreased by 30 per cent for  an increase i n  
re la t ive humidi ty  from 0-100 per cent. 
hv thP n h c p r v a t i n n  t h a t  t h e  radon opnetrates t h e  bed a t  a fas te r  ra te  t h a n  water 

. 

This re la t ively small e f fec t  i s  explained 000131 
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of water and the competition w i t h  water vapor for  active s i t e s  tends t o  

vapor. 
the i n l e t ,  the combined ef fec ts  of temperature r i se  due t o  the heat of adsorpt 

dynamic adsorption coefficient for radon. 
solve the equations for heat and mass transfer during adsorption of water vapor on 
activated carbons. In i t i a l  resul ts  suggest that  the e f f ec t  of temperature r i s e  on 
k,is more impor tan t  t h a n  co-adsorption of  water vapor .  

Hence, for  most of i t s  t rave l ,  the radon passes t h r o u g h  a dry bed, 
- C  L. . I-. 

A computer program i s  being developed t o  

I I I I I I 1 I 1 

n I I I I 1 1 1 I 1 " 
0 10 20 3 0  40 5 0  60 70 6 0  90 yK7 

RELATIVE W l a T Y  (Yo) 

Figure 9.  Effect of humidity on the dynamic adsorption coefficient 
(Sutcl iffe-Speakman 207C carbon) 

The resul ts  reported here are i n  contrast t o  the work of  Thomas(q) who 
reported tha t  deterioration i n  performance of gas mask canisters was most marked 
when the activated carbon was i n i t i a l l y  dry.  
diameter of 0.1 m and a depth of only 31 mm so in le t  e f f ec t s ,  particularly the 
sharp i n i t i a l  r i s e  i n  temperature, would be expected t o  dominate under these 
condi t i  ons. 

The canister tested by Thomas had a 

Agei ng and Regenera ti  on 

sing dry a i r  through the bed a t  a supergicial velocity of 0.1 m s 
In a few cases the bed was hetted t o  60 C and evacuated overnight. 
improve the adsorption properties of any of the carbons w i t h  the exception of 
Sutcliffe-Speakman type 207C where a s l i g h t  increase in kawas observed. Many 
experiments were conducted w i t h  the same carbon bed over several months without 
deterioration i n  performance due to  ageing. 

The activated carbon bed was usually regenerated between experiments by pas- 
for  16 hours. 
T h i s  d i d  n o t  

636 
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VI. Application of Results 
I 

! Since the mass of radon adsorbed on an  activated carbon bed fo r  a l l  practical 
cases i s  infinitesimal, the performance of a bed i s  independent of radon concen- 
tration and i t s  capacity is  determined by the to ta l  volume of air  t h a t  passes 
through i t .  In  most practical instances, the radon enters the bed as  a step change 
i n  concentration rather than as the radon pulse used i n  these experiments. 
response t o  a step change can be simply calculated by integrating the elution curve 
for a pulse input (Equations ( I )  or ( 4 ) ) .  

~ 

The 

For op t ipum performance, a radon adsorption bed should be suff ic ient ly  deep 
( a t  least  0.2 m i s  suggested) so as t o  contain a large number of stages a n d  mini- 
mise broadening of the breakthrough front.  
be i n  the range 0.002-0.02 m s - l ,  which will minimise the HETS (see Figure 4 )  and 
ensure a low pressure d rop .  Unfortunately these requirements are n o t  always con- 
; istent.  

The superficial  velocity should ideally 

This can be seen by expressing Equation ( 2 )  in the form, 

P b  = b u l k  density of the carbon 
= 5 m3(STP)kg-’ a t  T = 298 K in t h  

2500 L 
T =  

bed, typically about 450 kg m-3.  
s equation gives 

Substituting 

1 

For the recommended l imits ,  L = 0 . 2  m a n d  us  = 0.02 m 5 - l  then T = 7 h .  
that ,  unless the bed i s  designed f o r  a retention time o f  7 h o r  longer, some ., 
departure from optimum conditions must be made. 
be increased rather t h a n  the column length reduced because th i s  resul ts  in a 
larger number of theoretical stages. 

This meal., 
’ 

In  practice,  the velocity should 

The design o f  an  activated carbon adsorption process t o  remove radon from 
underground mine air was considered by A r t h u r  0. L i t t l e  Inc. This design was 
based on ka  = 4 m3(STP)kg-’ which i s  consistent with the results reported here 
a f t e r  allowing fo r  the effects  of humid a i r  on performance. A sharp breakthrough 
f r o n t  was assumed and no allowance wa+ made f o r  broadening due t o  a f i n i t e  number 
of stages. The equipment was designed t o  process 2.36 m3s-* (5000 SCFtl) a t  a bed 
Superficial velocity o f  0 . 4  m s-1. 
imately 50 nun (see Figure 4 )  and the bed depth of 0.82 m would be equivalent t o  
only 16 theoretical stages. 
c a n t  and the capacity of the bed would  be reduced accordingly. 
assumptions, the s tudy  found t h a t  removal of radon from underground mine a i r  was 
n o t  competitive with conventional forced ventilation on economic grounds. The 
major cost das not the carbon adsorber i t s e l f  b u t  that  of ancil lary equipment such 

blowers, heat exchangers and heating costs associated w i t h  thermal regeneration 

For these conditions, the HETS would be approx-  

Broadening of the breakthrough f r o n t  w o u l d  be s ign i f i -  
Even w i t h  optimistic 

esorb radon from the exhausted bed. I f  a simple and cheap method of bed regen- @ t i o n  were devised, adsorption on activated carbon could become a feasible method 
of removing radon from mine a i r .  

! 

! 

000133 
Thomas(‘+) has demonstrated t h a t  portable canisters containing activated 

carbon can provide short-term protection ( u p  to 1 h )  from exposure to  very high 
radon concentrations such as might occur in unventilated mine stopes. The break- 
t h r o u g h  d a t a  presented bv Thomas have been reanalvcPri  t n  r i o t a r m i n n  thn  A i r n a m i r  
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adsorption coef f ic ien t  and values ranging from 3.8-5.7 m3(STP)kg- '  a t  room 

_ .  tu re  have been estimated for  the most e f f e c t i v e  carbon tes ted( '*  2 1 ,  The Mil Army 
.,.figas mask canis te r  F is a depth of only 31 rnm . . ich violates  the design , c r i t e r i a  

'discussed above. il.; a consequence, some brekxthrough of radon occurs a f t e r  a very 
shoi.: interval a n d  this  canis te r  i s  not recommended. The Scott-Acme canis ter  has 
a y:sater capacity,  and being longer (15  c m ) , i t  i s  a more s a t i s f a c t o r y  design. 

; 1 .:$ -. 

. .  
',, . . > .i .I : 

Activated charcoal traps are  frequently used t o  c o l l e c t  radon f o r  analytical  
purposes. 
v i c i n i t y  of uranium qines and m i l l s ,  a n d  determination of 226Ra i n  solutions by 
ingrowth  and subs 
recommended t h a t  
ice .  Calct la t ions o: adsorber capacity based on the mass of carbon and the volume 
of a i r  t h a t  i s  passed through the t rap  frequPntly show t h a t  i t  i s  not essent ia l  t o  
cool the t r a p s ,  although in some cases the cpmetry  of  the bed needs t o  be modified. 
Adsorption of radon a t  ambient temperatures kou1d simp1 i f y  procedures par t icu lar ly  
in s i tua t ions  t h a t  require f i e l d  work. 

Two common applications a r e  atmospheric sampling f o r  2 2 2 R n  i n  the 

nt de-emnz-'on of 2 2 2 R n ( 5 ,  6). 
activate- ;.;.:Don t raps  be cooled w i t h  l iquid nitrogen or dry 

In most applications i t  i s  

Another possible a p p l i c a t i c .  f o r  act ivated carbon i s  the removal of 220Rn 
from the off-gas stream during r . :--xessin.j  of HTGR Since 2 z o R n  has 
a h a l f - l i f e  of only 56 s ,  only 2i minutes i s  s u f f i c i e n t  f o r  e s s e n t i a l l y  complete 
re tent ion.  Activated charcoal has 10-20 times the adsorptive capacity of molecular 
sieves and  about 200 times t h a t  of s i l i c a  gel (l' 2 ) ,  As with other  applications 
f o r  act ivated carbon, the major disadvantage i s  the f i r e  hazard. 

V I I .  Conclusions 

Over the temperature range, 0 - 5 5 O C ,  the  dynamic a d s o r p t i o n  coef f ic ien t  f o r  
( S )  in the range 1000- radon on act ivated carbons w i t h  s p e c i f i c  surface areas 

1300 m3r,-1 can be estimated from the equation 

- 
ka(m3(STP)kg-') = , (0.0070S - 3.51)e 

The presence of water vapor in a i r  decreases the 
i e n t .  For an i n i t i a l l y  d r v  bed of I civate? carbon a t  

6 . 9  lo3 
RT. 

dynamic adsorption coeff ic-  
ambient temperature, the 

dynamic adsorption co&ff '_ .ent  decr, ses by -3out 2 r  :Fr c: -,t f o r  a n  increase in 
r e l a t i v e  humidity from 0-700 per cenr;. I f  the bed 
saturated a i r ,  the adsorptive capacity i s  too low t o  oe of pract ical  use. 

dllo.;d t o  equi l ibra te  w i t h  

The minimum height equivalent t o  a theoret ical  stage (HETS) occurs a t  
super f ic ia l  ve loc i t ies  ' 2  the range 0.002-0.02 m s - l .  This miniwT value i s  
typ ica l ly  about four i:' iios the p a r t i c l e  diameter. For superf ic ia l  ve loc i t ies  
above 0.05 m s-' ,  the hETS i s  governed by the r a t e  of mass t ransfer .  
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DISCUSS ION 

TADMOR : Dr. L e v i n s ,  as you r i g h t l y  mentioned,  radon is a problem i n  t h e  
of urbnium, b u t  i t  may b e  a l s o  a long  t e rm problem from t h e  l o n g  term re- 

e o f  r adon  from t a i l i n g s  and o t h e r  r e s i d u a l  materials from mining. Do you have , 

on s o i l  and underground material which may b e  used t o  Cover t h e  t a i l i n g s  pro- 
or would you v e n t u r e  t o  make some p r e d i c t i o n s ,  on t h e ' a d s o r p t i o n  of ra- 

duced i n  mining o r  m i l l i n g  of uranium? 000135 
LEVINS : We h a v e n ' t  a l o t  of ev idence  on  t h e  a d s o r p t i o n  of r adon  on s o i l  m a -  
t e r ia l s .  My g e n e r a l  o b s e r v a t i o n  would be t h a t  i t  w o u l d n ' t  be v e r y  s t r o n g .  T h e r e  
i s  o n e  excep t ion :  s i l i c a ,  t h a t  may appear  i n  t a i l i n g s ,  may a d s o r b  the r adon  weakly,  
hut I don't t;-L~fih i: srouh! S c  9 ; ,gzLzLcan: Tac:ar i n  retatding t h e  release of ra- . . .  
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CLEANUP OF RADON I S ! I A L A T I O N  STUDY ErFLUIXTS'  

3 .  V. Andersen 
2 .  ?. ?alrnc:- 

Sattelle, Pacific E!orthwcst L a b o r a t o r y  
ilichland, Yashing:on 3 9 3 5 2  

Abs trac: 

This report discusses a limited amount of experimental data on r;don rctcntion by 
activated carbon. The data collected were uscd to desiGn a system for retention of 99'6 
of the radon leaving an inhalation exposurs chamber. A flow diagram, shielding consid- 
erations for the carbon beds, ana operating characteristics of thc proposed system arc 
prcsentcd. A successful test of the prototype rctcntion systcn indicated that 4 0  cubic 
metcrs of air would be decontaminated of radon by one kilogram of PCB ( 6  x 10 mesh) 
activatcd carbon under experimental co-ditions of 0 b 2 " C  and 3 3 0  cn/min supcrficial 
velocity or 660 cn/min true velocity with 5 0 %  void. 

Introduction 

Stuaics of the effects in animals o f  inhalation of rGdon and its daughter products, 
in progress in the Battelle-~ortnwest izoora.=or:J f o r  several years, i.ave resulted in 
continuous release to the environnient of approximaczly 3 0 0  : I C i  of -'-Rn per ninu:e. A 
recent c h a n g e  in the physical location of :r.ese siucics to a less isolated area, :he 
ZRDA ivlanual Cha?ter 0 5 1 1  requirements(l), an5 a s  low a s  practicable (ALAP) consider- 
ations(2), required development of 3 radon retention system capable of decontaninating 
4,000 cubic meters of noist, radon-bearing air per nonzh. 

., ? 7 

/YO, at3 
very lixized inforxation exists in the literature f o r  racon effluent retention 

system. Since racon i s  a noble gas, !;ark on eff1ucr.c trs3t;;rent systcns for  k r y n t o n  
and xsnon in reactors may be applicabie. 3e:evar,t ir.formation 1 s  round in tke oroceed- 
ings of the ACC Air Cleaning Conferenccs ( 3 t w n 5 ) .  The w o r k  by .2css X .  Thoaas ( 5 )  of the 
tiealth and S-faty Laboratory in evaluaiion or activated cJrbon canisters fo r  radon ?ro- 
tcction of workers in uraniun mines con=-.ins a revicw of t h e  varizblzs involved in racion 
retention. The variables considered wzre racon conczctration, flax raze, huxicity, 
carbon dioxide concentration, ten?crature 2r.d carbon =:)?e. 

Based u?on these variables, extra?olatcd d a t a  suqqested that r a c c n  eiflsent 
could be retained. at the flows rcqairsc f o r  about 1 3  days in 2 0  c.dbic feet of activated 
carbon cooled to zero degrees centiqrace. To ?inpoint B more exact adsorption capacity 
of activated carbon beds, sone s i iap le  e:x?criz.snts ware ccsijned utilizing a radon grn- 
erator and cozmercially available carbon. 

Using the a?paratus shown schematically in Figure 1, tests were conducted to deter- 
nine the ansunt of air that coulci he uscontaminated of 5 2 2 3 n  p e r  kilogram of Pittsburgh 
PCB (6 x 16 mesh) activated carbon** under the conditions dzscribcd below. T h e  acti- 
vated carbon had an apparent bulk density of 0 . 4 4  g/cm' and 5 0 2  voids in a dense  packed 
column. Two experiments used a 4 3  cm long column (0.59 kg) of activated carbon, while 
one experinent used a 2 1 . 5  cm lonq column (0.29 kg) of activa:ed carbon. The s u ? , e r -  
ficial velocity i n  the charcoal bed was calculated to be 3 3 0  cx/minutc from the 6 . 2  cm 
colunn diameter and the 10 L/min flow rate. The radon-bearing air entering the freezer 
and the air leaving the freezer were monitored using aipha air monitorinq cquipnent. 
The radon was generated at about 90 uCi/min, diluted with room air to a f low r a t e  of 
10 e/min, cooled to approximately 7OC to remove some of the moisture and passed throuqh 
a drierite bed for further dehumidification before introduction into the f r e e z e r .  In' 
the freezer, which was held at a temperature of 0 t 2 O C ,  the rJaon-bearing air was cooled 
in a copper Coil before introduction into the charcoal bed. Flow through the,system was 
maintained Until radon was detected by the downstream alpha air monitor. 

*Based on work performed under Contract E(45-1) : 1830 with United States Energy RcsQaZch 
and Development Administration. 

* P ii t sburgh Activated Ca rbon 
Division of Calgon Corporation 

. Subsidiary of Merck & co. ,  Inc. 
Box 1346 
Pittsburgh, PA 15230 000136 
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F i g ,  1 E x p e r i m e n t a l  r a c o n  r e t e n u o n  a p p d r a ~ u s  

Froa t h e  :esuLts of t h e  t h r e e  r u n s  (shown i n  T a b l e  11, a r e a s o n a b l e  a s s u m p t i o n  i s  t h a t  
4 0  c u b i c  meters of a i r  would be d e c o n t a n i n a t s d  of r a d o n  by o n e  k i l o g r a n  of PCB 
mesh) a c c i v a t c d  c a r b o n  u n d e r  t h e  e s p e r i i n e n t a l  c o n d i t i o n s  of Oi2OC and  3 3 0  cm/min s u ? e r -  
f i c i a l  v e l o c i t y  

(6 x 1 6  

(or 6 6 0  cm/min t r u e  v e l o c i t y  c o n s i d e r i n g  50% v o i d s ) .  

T a b l e  l..:. R e t e n t i o n  of Radon by A c t i v a t e d  Carbon  ( P C B ,  b x l b  mesnl 

Column T i m e  t o  Rn Vol. of Air Radon . Rctcn  t ion 
PI t B r e a k t h r o u q h  D c c o n  t a m i n a t c d  I l C t J i n c d  E f f  i c i c t i c y  

(inti) m J / kq 

4 0 . 7 .  
3 6 . 2  

Run Lcj 
NO. (cm) ( k r l )  ( h r s )  (m') 

2.5 . 2 2 2 1  4 2 . 7  0.59 4 2 . 0  
0 . 5 9  4 0 . 0  2 4  

4 3  
4 3  21G. 

9 5  

1 
2 

- 3 2 1 . 5  0 . 2 9  17.5 10.5 

Average 3 9 . 9  t 3 . 3  

Des ign  of Radon R e t e n t i o n  Sys t em 
* 

The radon r e t e n t i o n  s y s t e m  r e q u i r e d  i s  v i s u a l i z e d  a s  1) t h e  equ ipmen t  t o  dry a n d  
p r e c o o l  t h e  a i r  stream a n d  2 )  two a c t i v a t e d  c a r b o n  f i l t e r s ,  e a c h  w i t h  t h e  c a p a c i t y  t o  
d e c o n t a m i n a t e  at l e a s t  o n e  m o n t h ' s  When one  f i l t e r  be- 
comes " loaded"  w i t h  r a d o n  o u t l e t  o f  t h e  f i l t e r )  
the a i r  s t r e a m  would b e  v a l v e d  t o  t h e  s e c o n d  f i l t e r .  By t h e  t i m e  t h e  s e c o n d  f i l t c r  is 
l o a d e d ,  t h e  r adon  r e t a i n e d  i n  t h e  f i r s t  f i l t e r  would have  d e c a y e d  away, and  t h e  f i l t e r  

o u t p u t  o f  r a d o n - b e a r i n g  a i r .  
( i . e . ,  when r a d o n  f i r s t  shows a t  t h e  8 

would b e  ready f o r  u s e  a g a i n .  
. .  F i g u r e . 2  is  a . s c h e m a t i c  d i a g r a m  of  t h e  r e t e n t i o n  s y s t e m  t h a t  h a s  been  d e s l g n c a  anu 

i s  now u n d e r ; , c o n s t r u c t i o n .  

t e c t i o n  w i t h  t h e  e x c e p t i o n  of  t h e  c o l d  room which  c o n t a i n s  t h e  d u a l  a c t i v a t e d  c a r b o n  

All of  t h e  a i r  treatment equ ipmen t  i s  c o n m c r c i a l l y  a v a i l a b l e  , .::; 1 

I 
. _ . I  

e x c e p t  for t t i c . a c t i v a t e d  c a r b o n  f i l t e r .  A d u a l  s y s t e m  was d e s i g n e d  €or f a i l u r e  pro- 
. .  

I 
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.ter. The carbon bed and nassive shielding will remain at 10.d tcmgeraturcs for sub- 
stantial time periods in event of refrigeration failure. Reduced f lows may tc rcrluircd 
even though the radon-bearing air is cooled to approxinately 0°C bcforc entry to the 
carbon. The air handling system is designed to process up to 1.0 n'/min of a i r .  Actual 
flow rates will vary from 1 x 10" to 0.5 m3/min initially, with hiqhcr flow ratcs likely 
in the future. 

required shielding and capabi.lity to replace the activatec :.irbon if necessary. T h e  
carbon filter is a dual unit with each bed consisting of . -LO kg of activated carbon 
packed in two columns that are 31.5 cm diameter and 145 cn: t a l l .  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 , 0 0 0  cubic meters of air per month. 

A more detailed drawir.g of the dual, activated carbon filters in Figure 3 sho'ds the 

BU 1101 NC 
EXHAUST 
SYSTEM - 3ooc 

-3OOC -I 
I 
b -  I ' I  I 

Fig. 2. Flow Schematic - Radon 
Retention System 

ooc 

CHARCOAL ACCCSS PLUG / 

S h i c Id i r.g Co nd i ti on s 

Fig. 3 .  Dual Activated Carbon 
Filter 

A I  A 

A six-inch lead shield was designed around.the carbon filter. The maximum continu- 
ous input of radon was specified as 3 0 0  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. 

Table 2: Radon-222 Decay Series 

Nuclide <lalf -Life 
i2 Rn 3.8 d 

2 1 8PO 3 . 0 5  m 
214Pb ' 26.a m 

214p0 164 PS .. 
OPb 21 Y 

Gamma Energy ;:'oV) I_ 

0.510 

0.295 
0.352 
0.609 
1.120 

. 1.764 

0.8 
0.047 

Yield '% 

0.07 

19 
36 
47 
17 
17 

' 0.014 

4 000138 
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tihen c o n s i d e r i n g  s h i c l d i n g  n e e d s ,  2 1 4 ? b  a n d  2 1 4 B i  c o n t r i b u t e  almost a l l  o f  t h e  . 
gamma r a y s  o f  c o n c e r n .  
maximem dose r a t e  t o  less  t h a n  1 nrem/hr a t  t h e  o u t s i d e  s u r f a c e  of t h e  s h i e l d .  

i f  some u r . f o r e s z e n  c o n t a m i n a n t  r e d u c e s  t h e  a d s o r p t i o n  c a p a c i t y .  T!ie r a d o n  a n d  d a u g h t e r s  
would b e  p e r m i t t e d  t o  d e c a y  b e f o r e  r e p l a c i n g  t h e  c a r b o n .  The  r e s i d u a l  2 1 0 P o  w h i c h  wou ld  
b u i l d  u p  g r a d u a l l y  i n  t h e  c a r b o n  h a s  a l o w  y i e l d  ( 4 % )  gamma e m i s s i o n  o f  low e n e r g y  
(0 .047  i<eV) w h i c h  i s  n o t  e x p e c t e d  t o  c a u s e  a n y  s e v e r e  e x p o s u r e  p r o b l e m s .  

A c a l c u l a t e d  s i x  i n c n e s  o f  lead wou ld  b e  e x p e c t e d  to  r e d u c e  the 
T h e  

s h i e l d i n g  h a s  f o u r  a c c e s s  p l u g s  o n  t h e  t o p  t h a t  w o u l d  p e r m i t  r e p l a c e m e n t  o f  t h e  c a r b o n  a . .  

C o n c l u s i o n s  

A p r o t o t y p e  r e t e n t i o n  s y s t e m  f o r  r a d o n  a n d  i t s  d a u g h t e r s  has  b e e n  s u c c e s s f u l l y  
t es ted .  The  ? r o t o t y p e  t e s t  i n d i c a t c d  4 0  c u b i c  meters of a i r  wou ld  b e  d e c o n t a m i n a t e d  of 
r n d o n  by o n e  k i l o g r a m  o f  PCB ( 6  x 1 6  mesh)  ac t iva t ed  c a r b o n  u n d e r  t h e  e x p e r i r c e n t a l  con- 
d i t i o n s  of 0 +2OC a n d  330 cm/rnin s u p e r f i c i a l  v e l o c i t y  o r  660 cn/mio t r u e  v e l o c i t y  
c o n s i d e r i n g  50% v o i d .  

A f i x a l  d e s i g n  was c o m p l e t e d  a n d  t h e  s y s t e m  i s  e x p e c t e d  to be i n s t a l l e d  a n d  o p c r -  
a t i o n a l  by  J a n u a r y  1, 1976 .  
a v a i l a b l e  a t  t h e  s c h e d u l e d  o r a l  p r e s s n t a t i o n  of t h i s  p a p e r .  

D c t a i l s  of t h e  t e s t i n g  of t h i s  s y s t e m  w i l l  be r e p o r t e d  i f  

R e f e r e n c e s  

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

4 

" R a d i o a c t i v e  Waste i?;nagement", ERDA Manual  C h a p t e r  0 5 1 1 ,  w i t h  A p p e n d i x ,  
USZRDA,  W a s h i n g t o n ,  D .  C .  1 5 7 3 .  

" G u i d a n c e  o n  M a i n t a i n i n g  E s p o s u z e  t o  A s  Low A s  P r a c t i c a b l e " ,  ERDA X a n u a l  . 
C h a p t e r  0 5 2 4  - P a r t  V ,  U S S R D A ,  W a s h i n g t o n ,  D .  C .  A p r i l  8 ,  1 9 7 5 .  
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"Noble Gases", P r o c e e d i n q s  o f  t h e  T h i r t e e n t h  AEC A i r  C l e a n i n g  C o n f e r e n c s ,  
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T h o a a s ,  Jess W., " E v a l u a t i o n  of A c t i v a t e d  C a r b o n  C a n i s t e r s  f o r  Radon P r o t e c t i o n  
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THEORY AND PRACTICE OF RADON 
MONITORING WITH CHARCOAL ADSORPTION 

BERNARDLCO . mdULNE. COH, 
Department of Physics and Astronorni - rversity 0 .  Isbut& 2ittsburgh. 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 concentrations of about 0.1 pCi/l. 4 simple charcoal bed is 
limited by the fact that its response is highly sensitive to C : -  time interval before 
termination of the exposure. but two simple merRods of avc .-rng this problem are 
developed. Simple methods for determining the diiirision constaa. ;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 haw: Seen 
developed in recent years. They enco.r.pass 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 measurinn the. quantity ad- 

The potential advantages of this method 
arise lar :ely from the facts that charcoal 
samples cost less than SI (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 could be given jars oi 
activated charcoal for exposure in their 
homes and return to analytical laboratories, 
permitting rapid and massive data collection 
on environmental radon levels. 

~ R N M A b S O P L P T I O M  

v = kp, ’ ( 1 )  

sorbed by counting the ?-rays from the decay of  where u is the volume of gas adsorbed per 
radon daughters. This collection-detection mass of charcoal (cm’ at STP per g) at equi- 
method has been widely used for several librium, p is the partial pressure (cm’-STP of 
years for measurement of radon emanation gas per em’ of space), and k is  the adsorption 
rates from surfaces (Co76). But only recently coefficient (cm’ of space per g). Nalues of k’ 
has it been used for measuring radon con- for radon at mom temperature have been 
centratiocs in air (GeBI). reported in the range 200(M000cm1/g * 
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502 THEORY AND PRACTICE OF RADON MONITORING WITH CHARCOAL ADSORPTION 

(Un81;St81): we will use 4000cm'lg as  a the denominator is much less than I, so ( 5 )  
typical value in calculations. An. equivalent reduces to 
cxprosrionc using . ..the .. .same _ .  adsorption 

unit mass as' 

~ _;; < . . ,y*<..:;:.y - ?'%. 

coc5cient k. writes the activity adsorbed per . -; Q.+,-lyIQ.. ~ $ f & $ ~ ~ ~ ~ !  (7)  

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

,Qlm .m !.C / (2) 

where Q4r the-adsorbed activity (Si). m -u .c  object'of our application. 
the-mass of.charcoal (gh C is the airborne 
radon concentration (pCi/l.), and 

k = 4OOO crn'lg = 4 l./gm or pCi/(g-pCi/l.). 
(3) 

Therefore, in the equilibrium situation. each g 
of radon has adsorbed the radon present in 
4 1. of air. resulting in 4 pCi of radon for each 
pCill. of radon in air. 

If carbon of mass MIis placed in a closed 
volume. Vacontaining an initial concentration 
e6flhe adsorption reduces the concentration 
to 

. C = Co- QIV, (4) 

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

Q = krnCo/( 1 + $). 
If the volume V is much less than 4143 of 
carbon present, the first term in the 
denominator is negligible and ( 5 )  reduces to 

Q = C,V V small, (6) 

Le. the carbon adsorbs essentially all of the 
radon. For example. in an emanation 
experiment. we might have V = 51.. rn = 
100 g, whence km/V  = 80. which is much lar- 
ger than I. so all but 1/80 of the emanating 
radon is adsorbed. As another practical 
example, a closed 1-1. jar containing 250g of 
charcoal would have kmlV = 4 x 25Oll = 
IOOO. so all but one-thousandth of the radon 
is adsorbed. 
On the other hand, if  U-'llkoqr,large. as in 

an open room e,lel.), the second term in . .  

At this pointii is of interest to consider the 
practicality of measuring the adsorbed radon. 
For our 3- x 3411. NaI (TI) scintillation crystal, 
we constructed a Marinelli beaker which 
holds 250g 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 1 pCi of adsorbed radon 0.105 x 0.36 x 
3.7 X IO-'counts/sec = 0.083 countslmin. 
From equation (2). at equilibrium the 250g of 
carbon would contain 1OOOpCi of radon. 
yieldipg 83 counts/min per pCi/l. in air. Inside 
our lyin. 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 32countslmin. Thus a 
radon level of 0.1 pCi/l. would give counts 
25% above background and would be easily 
detectable. Sensitivity can be further 
enhanced by using other peaks in the spec- 
trum, although they also contain contib'- 
tions from thoron decay. 

Returning to equation (7) .  i t  must be 
understood that this simple expression is 
valid only when equilibrium has been 
reached, which is the case only when all Of 
the charcoal is in intimate contact with Ihc 
air. This could be realized by having 
individual grains of charcoal spread out Over 

a surface, but there are two practical Pro' 
lems with this approach. Firstly, unless the 
surface is very large. there would not be 
enough charcoal to adsorb sufficient radon w 
measure with y-ray counting; and secondly* 
this gives an instantaneous measuremenr 
radon concentration. equivalent to 

, I ,  zI sample. and hence does not integr:ll'' 
time. The last point is not strictly correct i 's " 

a C'3b 
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takes a few minutes for equilibrium to be 
leached even between a single grain of char- 
coal and the surrounding air, so there is a few 
minutes of time integration, but this is hardly 
.. :Ticlent ‘t7r our purposes. In  order to avoid 
r.,tse t \ z  xoblems,  we must consider a bed 
of charcoal of appreciable depth. 

DIFFUSION OF R A D O N  INTO A 
CHARCOAL B E D  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 4pCilg (of carbon) adsorbed for each 
&ill. 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, 1 )  as the 
concentration of radon in the continuous 
medium in pCi/crn’, with t being the time in 
seconds. 

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

D- d y  
Jx ’ 

where D is the diffusion constant. For a 
substance that decays with 2. rate constant 
A(2.1 x sec-’ for radon). onservation of 
mass and application of (8) icsds directly to 
the diffusion equation, 

i ~ =  D - - A ~ .  J 2 Y  
Jt  Jx (9) 

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 

at t = 0.  y = 0 for x > 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 9.i the surface contains f d V  cm’ of air and 
p L J ‘ R  of carbon. w h e r e  p is the measured 
density of the bed (which includes the e t f c c t  
of the porosity). The quantity of radon in d V. 
v dV. is then Cf d V in the air plus kCp d V in 
;he carbon, using equation (2). The latter 
greatly exceeds the former which we there- 
fore ignore, giving the boundary condition 

at x = 0. y = kpC(t). ( loa) 

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

The difusion 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 i t  for obtaining D 
for krypton and xenon. His formula is D = 
( y c ’ D J p k ) ,  where 0, is the diffusion constant 
for the gas in air, y is a tortuosity factor for 
the charcoal, e ’  is the fractional interparticle 
void volume, p is the density of the charcoal. 

depends on atomic sizes, masses, and the 
and k is the adsbrption coefficient. 

for radon, but all of these are slowly varying 
functions of atomic weight for noble gases. 
Underhill derives D, = 0.173 crn2/sec for Kr 
and 0.138 for Xe. from which we extrapolate 
D, = 0.12 cm’lsec for radon. 

Underhill estimates y = 0.6. t ‘  = 0.45, p = 
0.5 glcm’ as typical properties of charcoal. 
Using these and taking our typical k = 
4000cm1/g gives D = 1.6 x IO-’ crn’lsec. 
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 c,*Jr estimate for radon. 
which gives 

rnodynamic properties not readily 

D = 1.3 x lo-‘ cm’lsec. ( 1  1 )  

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



Since (9) is i iinear differentkd eqiia~ioii. 
solutions are additive and the raicr; conccn- 
tration in air as a frmction o i  time. C\:>.. may 
be thought of as a continuous series of these 
puIs:s. Fix examp!e. fo: i'( .': , .;ons~n*; ;= C,.j 
over the entire measumeni, .*: C C ~ S ~ Q E E  2. 
series Jf ?ulses of height E, m J  duraiiawur- 
( i .e r + dt) giving a conliibution. 20 frkni 

a(,! .,rl;j ' 1 .I:. :ij 

Integrating this from t = r) to f ~ v e s  

The solution of equation (9) with bcundary 
condition equation (14) i s  readily obtained by 
u e  cf La Place transforms as 

-::he: i,;;sliJve or 1icg:Live. . N ~ ' . c ~ s z  :iTcf,i: <:.rc 
Added by use of (16) 

Since P(t) is nci arcinariiy Xncwfi. 2 

measurement of Q *muld be inrerpreted in 
terms of an average level C, obtained by use 
of (17); i.e. for an exposure time Ti for which 
the measured accumulation is  Q(TJ. the 
average radon level would be taken to be 

The totai quantity of radon adsorbeu in the 
charcoai bed, Q. is 

' *  ..ndicates that the contribution of a pulse 
1; is inversely proportional to the square 

.- :.i;! nf the time after exposure. aqcuming I is 
smdl compared with the ha!f lil.: of radon. 

,suin- This intcrpretatior, would be correct a" . 
ing T I  is much shorter than 3.8 days if the 
concentralion in air were constant throughout 
the measurement. The question is ,  how 
closely does this ;:fleet the Actual average 
soncent ration? 

In extreme situations. it can be highly in- 
accurate. For example. if the actual C ( t )  is 
due to a single short pulse. the difference 
between its occurrence 15 and 1500 min ( I 
day) before termination of the exposure, ac- 
cording to equation (16). is ;I factor o f  10 In 
general. Q(T). the contribution of a conccn- 
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(ration occurring time. T prior to termination 
of the exposure is 

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 improoing time inlegration 
(1) Added adsorber method. One method 

for reducing the above problem is to have a 
period of time To at the end of the exposure 
during which C = O .  This can be ap- 
proximated by inserting a fresh sample of 
activated charcoal 0ve.r the bed and then 

Q, = 2kpC0 ,/(E) [(TI + To)”’ - To”7. e . \ . . I  

The measured Q, would then be used t 
determine Co by solving this. which gives 
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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,. t he  initial rlcposure 
time. 

The contribution to Q. at  the end of T,, 
from various times T before termination of 
the exposure is then 

m 

A plot of this for To= 1/2Tl 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 
I .7  between the extremes of a pulse occurring 
near the beginning and near the end of the 
exposure. 

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

T / 1, 

FIG. I .  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 

b1/4DTl = 0. I (c. I) and 0.2 (c.2). 

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 i t  for a time TI. 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 To. 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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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-of 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 

0 

where we have replaced r 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’/4DTl = 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 TI, and in fact, this 
would be automatically taken into account in  
calibrating with a known constant radon 
concentration. It is certainly much preferable 
to the opposite situation encountered in curve 

cry near the end of the exposure can grossly 
where a relatively small pulse of radon 

distort the measurement: 

From Fig. 1, it appears that an optimum 
skimming depth is about b’/4DTI = 0.2. With 
our typical D = 1.3 X 10-’cm’/sec, b = 
1 cm 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). 2.1 x 
104/sec. A finite depth (or height) of the bed. 
h, is introduced by changing the boundary 
condition (lob) to 

(lob) a t x  = h./ = O =  2.Y ax 

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 

0 u n 

2 
6 

C 0 
P 0 

a 

,i 2 oar* 

‘U 
1 2 3  

Depth 01 Bra l c m l  

FIG. 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 ~ ( D T I )  
discussed in the text. These curves are calculated 
for D = 1.3 x 10-’cm’/sec. but they are applicable 
to other D b multiplying the abscissa scale by 
(011.3 x . Dashed line represents infinllc 
exposure and no radioactive decay us represented 

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, a s  represented by 
equation (7) .  

According to (I!). diffusion may crudely be 
viewed as a bpreading out  over a distance of 
about 

x = 2 V ( D r ) .  2) 

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 equilibrium, trq. is 
obtained by setting x in ( 2 2 )  equal to 2h. 
which gives 

t ,  - hz lD  (23) 

*learly of little use to expose the 
charcosi for  a time much longer than t,, so 
the depth of the bed should be not much 
deeper than 

where TI 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 depfh 
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 value. 

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 value 
of h for which u is 85% of its value f o r  large 
deoths. Insert! : this value o f  h in (24)  gives 
D. 

an  example. we made determinations 
for Calgon Type PCB 12x 30 charcoal. 
Samples weighing 250y were baked out  at  
110°C overnight and then placed i n  four dishes 
of differing areas (sample D was used to 
measure background before i t  was exposed). 

After 3 days, the samples were  transferred 
to closed jars and shaken up thoroughly so as 

ition i:i the counting beaker. . ,ley were ti?en 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 q than sample 9. or sample C to have 
more than twice the q value of sample D. but 
these problems are presumably due to  statis- 
tical fluctuations. fluctuations of radon levels 
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 q value for sample C ,  this corresponds to 
h a little larger than 1.9cm. T h e  q value for 
sample D is 46% of that for infinite depth; 
f rom Fig. 2. the 46% height on a 3-day 
exumure  is reached for h = 0.8 cm whereas 
~ ( L T , )  is 1.95cm. so we might expect our 
d!DT,) to be 1.95/0.8 times the depth of 
sample D (0.9 cm). or 2.2 cm. From our  data 
on sample 9. d(DT,) must be very much less 
than 3.1 cm. All of this is consistent with 
d ( D T , )  = 2.2 cm. Since TI = 2.6 x IO' sec 
days), this corresponds to L = 
1.86 x IO-' cm'lsec. A reasonable choice . ' 

bed depth is about 2.7 cm. 
Once  D is determined. i t  might be useful to 

convert the c x v e s  in Fig. 2 to that basis. It is 

io eliminate c;lr;clations between position in I 
* e  bed and .- . .  

000146 
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Table I. Dofa on calgon type PCB I2 x 30 charcoal 

q (Ctr/Area 1 Sample d i s h  area depth counts-8a 

I 1  90 A 75 cm2 6.?cm 1590 

8 162 3.1 2230 1380 

C 264 1.9 a 2 0  1070 

0 550 0.9 2800 51 0 

evident from our basic equation (9) that if 
one transforms the units of displacement by 

equation (9) be  corn e s 

which is independent of D. I f  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 = 1.3 X IO-', to convert it to ou r  
charcoal, the abscissa must be multiplied by 
d( 1.861 1.3) = 1.2. It would be equally valid to  
multiply it by the ratio of t/(DT,) to that 
shown by the cross marks in Fig. 2, 
(2.2/1.8) = 1.2. 
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Absm-Development of a pracrial detector for colleaing Rn by adsorption in charcod with 
a time integration of 2 d or more. achieved by use of a diffusion barrier through which Rn 
enten, is described. The sensitivity is adequate for monitoring Rn levels in houses. It is easily 
sent and returned by mail. and instructions for use arc simple enocw for any householder to 
follow. The cost per measurement is apparently well below that for competitive techniques. 

INlRODUCnON 
A D S O R ~ O N  on charcoal is a simple and inex- 
pensive method for collecting Rn and it is well 
suited to simple y-ray counting for determination 
of the quantity adsorbed. However. an important 
limitation of this method is that Rri 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 beginning (Co83). 
As a mult .  measuring Rn cc mations in air 
by charcoal adsorption has zr .n the character 
of a "grab sample" which gives 3.7 instantaneous 
concentration rather than the average over an 
appreciable time period. However, since health 
effects of Rn an proportional to e x p o s u ~  in- 
tegrated over time, one is usually intemted in 
time-averaged Rn levels rathe-. than instanta- 
neous levels. This problem is agZCravated by the 
facts that Rn concentrations often have diurnal 
variations, and ais0 fnquently undergo irrtgular 
short-term up and down variations 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. 

Pnchard and Marien pointed out that time av- 
eraging can be extended in charcoal adsorption 
devices by interposing a diffusion h e r  between 
t k  sharcoal and the ambient air being sampled 
(PiSS).  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. Cl, 

is much less than that in the outside ambient air, 
Cos 50 the conctnaatioa gradient across the dif- 
fusion barrier is just proportional to Co. In quan- 
titative terms with Q equal to the quantity of Rn 
in the collector. the rate at wtuch Rn passes 
through the diffusion barrier, d a d &  is given by 
dif€usion theory as 

dQ d C  - = / A  = D-A 
dr dx 

L 

where 

J 

A 
dC/d.x is the concentration gradient: 
D 

is the diffusion current. usually cx- 
pressed in pCi/cm2-xc (Bq/cm--s): 

is the cross-sectional area of the barrier. 

is the diffusion constant defined by I 
= &IC/&, for Rn in air, D is about 
0. I cmz/s at room temperature ( t i 4  I ): 

L is the length of the diffusion barrier: and 
P = DAIL ('1 

and the second line is derived from the first by 
noting that conservation of mass requires that 
dfldr = 0 whence dC/& is constant. 

From the last form of eqn ( 1 )  we KC that R n  
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enters linearly with time, which is the require- 
ment for a time-averaging device. However, the 
requirement C, 4 C,, p l a m  a limitation on the 
sensitivity of a detector. The adsorption cam-  
cient of charcoal (St81) for Rn k is about 

k = 4000 pCi/g-charcoai per pCi/cm’ in air 

.r, 
al 
n 
L 

2 
a 
0 

C 
0 
0 
0 

(-4OOO Bq/g-charcoal per Bq/cm’ in air). 

( 3 )  

Thus, if a mass rn of charcoal wen  directly 
exposed to the ambient air, the quantity of Rn 
it would adsorb, Q’, would be 

a 

1 2 3  
Q’ = kmC,, Ocpth of  B e d  ( c m )  

FIG. I .  Total Rn accumulated in a charcoal bed vs bed 
depth for exposures of I .  2. and 3 days. Dashed line 
represents infinite exposure with no radioactive decay 

(from Co83). 

whera the quantity it 
Q. is 

with the 

Q = kmC,. (4) 

The condition C, < C, thus implies Q 4 Q’ 
which means that the amount of Rn collected 
for measurement is greatly reduoad, and hence 
sensitivity is being severely sacrificed. 

The most important pmcnt  application of 
these techniques is for monitoring of Rn levels 
in homes, cheaply and conveniently. For this 
purpose, sensitivity is an important limitation, 
so compromises a n  called for. 

A practical device consisu of a charcoal bed 
which air can enter only through a diffusion 
bamer. We next consider the design of each of 
these. 

DESIGN C O N S I D E R A T I O N P A R C O A L  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 mad. 
and measured by placing it against a p r a y  de- 
tmor capable of quantifylng the amount of Rn 
from the characteristic y rays of the Rn decay 
chain. One way to increase sensitivity is to in- 
crease the mass of charcoal, m. Since most y-ray 
d e t m o n  are only about 7 cm in diameter, it docs 
not pay to make the diameter of the charcoal 
container much larger than that. 

pectations from eqn (4). We see from Fig. 1 that 
the quantity of Rn adsorbed by a charcoal t x d  
does not increasc 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 bcds 
also reduce y-ray counting efficiency by moving 
the Rn further from the de tmor  and absorbing 
y rays and they increase the bulkiness and post- 
age costs of the package. Container availability 
is also a consideration here: i t  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 choxn as the best compromise. 
The charcoal beds a covered by a fine mesh 
screen held in place by RTV cement. 

DESIGN CONSIDERATION% 
DIFFUSION BARRIER 

We now consider the design of the diffusion 
bamer. 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 

adsor 
been 

W k r t  

g/cm -’ 
it. 1.3 
t x a i  
taka 1 

and d( 
the dii 
that or 
bewYc 
of its 
appl ic  

Fro I 
the ins 
to a vc 

where 
chamx 

Fmtl 
cquatlc 
nant I, 
given b 

* h e x  h 
h = 1.5 
be cstlrr. 

hore . 
h e  time 
lector. - 
for the 
them fort 
to take 
greatl? s 
thinking 
\lOUSl> ( 
of 1 .  3nd Figure I (Co83) shows the quantity of R n  ad- 

by a charcoal bed as a function of bed First, we apply a theoretical approach. 
epth and time; the dashed line represents ex- 

exposure. since this detcrrnlncs the scnsllt\ i t !  

The tlme constant. I,. for a charcoal bed IO 
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&I+ Rn in air within I cm of its surface may 
bc &mated from eqn ( 17) of Co83 as 

r 
t. = - 

4k'p'D ' 

wbac p is the density of the charcoal bed, -0.5 
%an', and D is the diffusion constant for Rn in 
is 1.3 X 10'' cm'/s. With eqn (3) this gives 1. to 
k a fraction of a second. While this mimate 
ulrcs into account only the diffusion into the bed 
lod does not consider adsorption dynamics, or 
the diffusion through the 1 cm of air. it is clear 
thr on a time scale of ?v.;.urs or days, equilibrium 
between a charcoal tind the air within I cm 
of its surface is esscntiaily instantaneous. This 
aWa to the air inside our Rn collector. 

From the standpoint of the diffusion barrier. 
the inside of the collector is therefore equivalent 
LO a volume of air, Vr), given by 

Q V = -  P '  

vhere Q is the quantity of Rn adsorbed in the 
charcoal. 

From the well-known solutions of the diffusion 
qultion (e.g eqn ( 1  5 )  of C083). the time con- 
mf I,, for reaching the equilibrium value of Q 
C ' m  by eqn (4) is about 

h2  
1, = - 

4 0  ' 

where h is the depth of the charcoal bed. For 
h 1.5 cm. this gives I ,  = 12 h; this could also 

estimated from Fig. 1. 
Note that h t h  f a  and ir are much smaller than 

the time constant we arc designing into our col- 
I-or, -60 h. which is basically the time constant 
lor the diffusion bamer. Q/(dQ/dr). I t  is 
*refore a reasonably accurate approximation 

lake f, = f, = 0. This has the advantage of 
F t l y  simplifying the mathematics and one's 

This approximation has k n  used prc- 
M o U ~  (Pt85). With it V becomes independent 

and from eqn (4). 

V = km. (6) 

459 

There an two faclon a&cting d o & ,  entrance 
of Rn through the diffusion Mer as given by 
q n  (I). and radioactive decay. Thus, 

dQ - qC, - C,) - XQ. 
dt 

Inserting eqn ( 5 ) .  this becomes 

( 7 )  
P dC, dl = -($ + A)Ci + - V C,. 

Equation (7) is the form familiar from production 
of a radioactive isotope, or with C, = 0, simale 
radioactive decay with decay constant, 7 ,  &* :a 
by 

(8) - t -  ' + A .  
r v  

The well-known solution for C, = 0 at t = 0 is 

c; = c, -(I P/ v - e-"') 
P / V +  X 

For C; = C,,, C, = 0 at r = 0, the solution of eqn 
(7) is 

c; = C&-"*. (10) 

Equation (IO) provides an experimental method 
for determining 7 :  it is only necessary to expose 
the detector to a high R n  concentration for a day 
or 50 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 (IO) is also the key to understanding 
the integration time constant for the detector. 
Since the equations governing the diffusion 
through the bamer and into the charcoal bed are 
linear. solutions arc additive. The effect of a shon 
exposure leading to collection of a quantity of 
Rn, AQ, at a time T before the end of the ex- 
posure gives a contribution to Q at the end of 
exposure of A@-"'. In the parlance ofelectronic 
circuitry, I is the "intcgm~x?n time constant." 



. 5975 

460 MEASURlNG Rn CONCENTRATIONS IN INDOOR AIR 

Accordingto eqn (4), CJC, is equal to QJQ- 
w h m  Q,,,,, is the accumulation with an infinitely 
fast and efficient difhsion barrier, P * ao. Plots 
of Q/Q- 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 arc only willing to 
sacrifice one-fourth of the sensitivity, we can 
achieve an integration time of about 1.3 d, 
whereas if we a n  willing to settle for only one- 
fourth the maximum sensitivity, we can have an 
integration time of over 4 d. 

S e t t i n g t = 5 O h = 1 . 8 X 1 0 ’ s , Y = k m ~ 4 0 0 0  
X 25 - I X 10’ cm’, X = 2.1 X 10‘6/s in eqn (8) 
S i v e  P = 0.35 cm’/s, whence. from eqn (2) 

DA - 9 0.35 cm’/s. L 

If our diffusion bamer is to be made with a thin 
film of some son, for which D - IO-’ cmz/s, we 
require AIL z IO’ cm. The maximum value of 
A is the area of our detector lid, about 40 cm2. 
so the thickness of the film would have to be 
about lo-’ cm thick; no such films an available. 
The alternative is to usc diffusion through air 
for which D z 0. I cm’ls. The distance from the 
lid to the charcoal bed is I cm, which requires 
R = 3.5 cm’, a 2.Icm-diameter hole. The sim- 
plest approach would then be to punch a hole of 
that diameter in the lid. 

One problem with this is that convection could 
have an imponant eff‘ on the passage of air 

0 

# 

0 

0 
\ 

through the barrier. To avoid this, the hole was 
covered by two pieces of fine mesh (0.001-inch 
openinp) nylon rntll separated by a 2-mm- 
thick cardboard ring, all glued t w e r  and to 
the inside of the lid. If one blows hard on one 
side of this assembly, no daft can be felt on the 
opposite side. This would seem to solve the prob 
lem of convection. 

Thm arc some inaccwacia in the calculation 
given above. The cross section of the flow area 
expands from a 2. I-cm diameter at the lid to a 
7 c m  diameter at the surface of the charcoal, 1 
cm below. The length of the diffusion path is not 
simply 1 cm in that geometry. Moreover, the 
rrors-sectional area is affktcd by the scrans 
which have only 50% open ana. The best a p  
proach in this situation is empirical. Hole of dif- 
ferent siW were punched in lids, nylon screen 
assemblies wen attached, charcoal beds were ex- 
posed to Rn, and the daay  of the p r a y  count 
rates was foUowed for several days. The count 
rata vs time w m  reasonably well fitted by 
straight lines on semi-log paper as expected from 
eqn (IO). Exampla arc shown in fig. 3. The val- 
ues o f t  derived from the slopes of thesc lines arc 
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 = I cm and A = area of the hole. The agxument 
is as good as can be expected considering the 
problems in the calculation discussed above. The 
hole size choscn to give the desired 50-h integra- 
tion constant was 1.9 cm ( f inch) in diameter. 

I .o 
0.91 T s 1 2 h  

0 . 8  

0.6 

0.4 

0 . 2  
-- - - -  0.09 

1 2 3 4 5 6 ? ( 0  
D O Y  

FIG. 2 .  Radon accumulation. Q. vs time for various values of r according io eqn (9). em.. IS v 
for r = 0. an infinitely fast diffusion barrier. 
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60 
A 

c j 4 0 -  c 

2 0  

Ooyr 

J. 3. Count m e  vs time for collecton with various 
d&ion barrien. All but top data am for double nylon 
IQecn with hole in the Lid of the diameter stated. 
fop data PIC for a 1 -inch hole in the lid c o v d  by a 

S d e  nylon r a n  and a soorbit bag taped below. 

- 
1 
I - L7- . k r t e n  . . . -. - -  

- 

I I I 

HUMIDrrY PROBLEMS 
charcoal is an exallent adsorbcr of many &asc~ 

other than Rn, including water vapor. It is well 
ho~a that the quantity of Rn adsorbed is the- 
fore rcduad as humidity i n m a s q  bccausc some 
Ofthe adsorption sita arc taken up by water mol- 
aUles, making them unavailable for Rn. Typical 
data in the literature indicate that high humidity 
duces the Rn adsorption to about half of that 
at low humidity. This problem is usually ad- 
dnssed by determining the mass incrmsc of the 
C h a r c o a l  during exposure, and using this as a 
meaSure of humidity to derive a correction. This 

additional time and effort. and i n t m  
duces additional uncertainty into the results. It 
a m e d  reasonable to hope that thcse could be 
avoided by including a desiccant as part of the 
m&on barrier. 

It k intmsting to note that even without des- 
iCQnt. the diffusion barrier itself does a lot to 
a moisture uptake. The double nylon SCrtCn 

typically reduces the moisture uptake to 

461 

one-third of its value with an open charcoal can 
(no barrier). 

I d o n  of a desiccant raises two questions: 
bow will it affect the diffusion of Rn, and how 
will it reduce the moisnurc uptake of the cbarcd. 
At the outset, it scemed obvious that the second 
problem would be trivial-adding desiccant is 
bound to reduce moisture uptake by the char- 
d - w h i l e  the fim problem secmed to be the 
major one. The situation turned out to be quite 
the opposite. 

Insertion of desiccant introduced tittle problem 
with -on. Many different con6gurations 
were uscd, including various types of desiccants 
in various type bags (and in a few cases without 
bags), in various geometries, but in no cax was 
the ditl'ision of Rn retarded gmtly.  Bags made 
of heavy brown kraft paper introduced appnCia- 
blc retardation, but that was easily compensated 
by increasing the sire of the hole in the lid. None 
of the other four bag types tcsted made enougb 
diffmnce to wanant this action. 

On the other hand, introducing desiccant was 
not nearly as effective as expccted in reducing 
moisture uptake by the charooal. Replacing the 
double nylon scrun by a desiccant bag as a cov- 
ering over the hole in the lid typically rcduad 
the mas gain of the charwal by 20%. Only by 
Wing the e n t k  l a - h i g h  X 7cmdiametcr 
spaa above the charcoal retaining scrun with 
loose desiccant could the m a s  gain of the char- 

diom of Hole ( e m )  

FIG. 4. Values of r from measurements of Rn loss vs 
diameter of hole in detector lid. In all c a m  but the 
one marked. holes were covered by a double nylon 
rreen. Dashed line shows the valua calculated from 
q n s  (8) and (2)  with L - 1 cm and A - 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 hag (3% "sorbit" bag) over the hole 
in the lid. T h e  hags cost 34 each and take only 
few seconds to install or remove. With a f inch 
hole, they extend 7 to 3.1 d (cf. Fig. 3). A con- 
siderable amount of monitoring was done with 
thesc. One advantage is that the variation of Rn 
collection with humidity is somewhat less than 
for the double oylon scmn barrier. On the other 
hand it is still desirable to measure m a s  gah by 
weigiung. In one study of 165 houses over a pe- 
riod of several months, corrections based on m a s  
gain were all within 510%. 

DURATION OF EXPOSURE 
It is evident from Fig. 2 that. for a 3.1 d time 

constant, then is little advantage in extending an 
exposure to 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 art advantages in a one-week exposure. 
Many aspects of every day life have a one-week 
periodicity, making it easier to remember when 
to terminate an exposure. With a one-wcck ex- 
posure, it makes less difference if the exposure is 
mistakenly made a d a y  longer or a d a y  shorter. 
A householder, being aware of the detector's 
pmencc, might change bs relevant habits (e.g. 
keeping doon or windows open or closed) for the 
fint few days, but would be less likely tocontinue 
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 (I priori reason why that should r a m  or lower 
the result. The goal of thesc measurements is to 
derive a random ( in  time) sample of Rn levels 
averaged over a period of a few day. and a one- 
week exposure achieves that end. 

L o c l s n c s  
All materials for the detector are available 

commercially: metal "ointment cans." 3-inch- 
diameter X I-inch-high. with tight-fitting lids 
(?SC-.COC): cocoanut charcoal size 12 x 30 ($7 
per poundb-size 4 X 10 was also tried and per- 

formed equally well; fine mesh wire -0 to =- 
tain the charcoal, cut to size and cemented in 
place; and very fine mesh nylon screen and d e s  
iccant bags to form the difbion h e r .  Hole 
were punched in the can lids with electronics 
chassis punches. Double nylon scrttn diffusion 
bamen were glued in place, while the desiccant 
bags were taped. A complete detcctor and its 
mading box costs about SI, and takes less than 
I5 min to assemble, so lost detecton 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 Rn. Shortly aAcr the oven is switched 
off, the lid is installed, the detector is removed 
from the oven, and after a few minutes of cooling, 
the lid is scaled to the can by wrapping with black 
rubber electrical tape. The diffusion M e r  is 
normally closed by an AI foil covering the hole 
and sealed to the lid by a p i ca  of gray duct tape 
to which it is stuck. Exposures arc started and 
stopped by simply removing and reattaching this 
gray tape. 

The detector is weighed and packed in a 3 f 
X 3 f  inch cardboard box with an instruction 
sheet, a tape for resealing the box for return. and 
a return address label. The entire package weighs 
3 4 ounces. The instruction sheet includes advice 
on locating the detector and on starting and s top 
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 fint class mail. 

When the returned detector is received, it is 
promptly counted with a 3-inchdiameter NaI y- 
ray detector measuring the activity in the 220- 
390 keV and 550-680 keV energy nnges for 30 
min. A detector exposed to I pCi/liter ( 3 7  Bq/ 
m') and counted after one half-life of decay (3.8 
d) would have a total of 200 and 60 counts in  
t h e x  energy ranges. with about 1200 and 400 
counts of background. respectively. g v i n g  a result 
with a 17% standard deviation. For Rn levels well 
below I pCi/liter (37 Bq/m'), statistid accuracies 
are poor. but good accuracy is seldom of interest 
in that range. 

AAer counting. the detector is weighed. un- 
taped to remove.the lid. baked out. and put 
through another cycle. Radon IzkcIs Ire dcirr- 
mined by comparing the y-ray counts with those 
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from detectors exposed in a chamber with known 
Rn concentrhtion. The humidity correction, cal- 
culated from the m a s  increase, is determined by 
varylng the humidity in the Rn chamber by in- 
serting quantities of water-glyarin mixtures. 

All operations involved in a single mtasure- 
ment q u i r e  a total of less than 15 min from a 
student assistant when the work is done in batch 
quantities. The postage costs are 73C each way 
plus the cost of letters to arrange for the mea- 
surement and to give the mult .  Since each de- 
tector and mailing box is used many times. they 
add little to the cost. In a large program, it there- 
fore seems that the total cost per measurement 
should be about S 10, well below the cost of com- 
petitive techniques. 

Tin= detecton arc now being used in Rn 
monitoring programs involving thousands of 
houses. 

' 
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THE ELEMENTS (Coattnued) .5915 
RADIUM (L. radiuu, ray) Ra; at. wt. (226); at. no. 88; m.p. 700°C; b.p. <173f°C; 

sp. gr. 51; valence 2. Radium wan diacovered in 1898 by 11. and &fme. Curie in the pit& 
blende or uraninite of North Bohemia, in which it occum. There is about 1 gm. of radium in 
7 tons of pitchblende. The element waa isolated in 1911 by Mme. Curie and Debierne by 
the electrolysid; 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, 
r d i u m  W M  obtained from the rich pitchblende ore found a t  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 
minerah, and could be extracted, if desired, from the extemive wastea of uranium precess- 
ing. Large uranium deposits are located in Ontario, New Mexico, Utah, Australia, and 
ehwhere.  Radium is obtained commercially aa the bromide or chloride; i t  is doubtful if 
any appreciable stock of the isolated element now exists. The  pure metal in brilliant white 
when freshly prepared, but blackens on exposure to air, probably due to formation of the 
nitride. It exhibita luminescence, 88 do it8 salb; it decomposes in water and in somewhat 
more volatile than barium. I t  is a member of the alkaline-earth group of metais. 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, haa a half-life of 1620 yrs. One gmn of radium produces ' 
about O.OOO1 milliliter (stp) of emanation, or radon gau, per day. Thin is pumped from the  
radium and sealed in minute tubes, which are used in the treatment of cancer and other 
diaesses. One gram of radium yields about lo00 cal. of heat per year. Radium is used in 
producing self-luminous painta, neutron sources, and in medicine for the treatment of 
diseese. Some of the more recently discovered radioisotopes, such aa Co'O, are now being 
used in place of radium. Some of these source8 are much more powerful, and others are  
safer to use. Radium loses about 1 % of ita mctivity in 25 ym., being transformed into ele- 
ments of lower atomic weight. Lead is a final product of diaintegration. The  study of 
radium hss greatly altered our ideas of the structure of the atom. Radium in 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 ia 0.1 microgram 
and exposure to 2 roentgens/mo. Radium in the form of the chloride or bromide in availa- 
ble without A.E.C. permit a t  a cost of about 25 dollars to 50 dollam/milligram, plus 
service charges. 

RADON (from radium; called niton at first, L. nikns, shining), Rn;  at. wt. (-2'22); 
at. no. 86; m.p. -71OC; b.p. -61.8OC; density of gas 9.73 gms/l; sp. gr. liquid 4.4 a t  
-62"C, solid 4 ;  valence 0. The element was discovered in 1900 by Dorn, who called it 
radium emanation. In 1908 Ramsay and Gray, who named it ntton, isolated the element and 
determined ita density, finding it to be the heaviest known gas. I t  is inert and occupies the 
last place in the zero group of gases in the Periodic Table. Since 1923, it h a s  been called 
radon. Eighteen isotopes are known. Radon-222, coming from radium, haa a half-life o f  
3.823 days and is an alpha emitter; radon-220, emanating naturally from thorium and 
called Ihoron, h a s  a half-life of S4.5 seconds and is also an alpha emitter. Radon-319, 
emanates from actinium and is called actinon. I t  haa a half-life of 3.92 seconds and is both 
an alpha and gamma emitter. I t  is estimated tha t  every square mile of soil to a depth of  
6 inches contains about 1 gm of radium, which r e l e w s  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 exhibita a brilliant phosphorescence which becomes yellow as the teniperature is 
lowered and orange-red a t  the temperature of liquid air. I t  h a s  been reported that  fluorine 
reacts with radon, forming radon fluoride. Radon is still produced for therapeutic use by a 
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few hoapitab by pumping i t  from a radium source and sealing it in minute tubes, cal l4  
S e e d 8  or needles, for application to patients. This practice in now largely diecontinued 
hospitals can order the seeds directly from suppliers, who make up  the 4 s  with the 
desired activity for the day of use. Radon is available at a cost of about 4 dollars/miilicurie. 
Care must ,be taken in handling rmdon, aa with other radioactive materiale. 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 haa been given a t  IO-' microcuries/milliliter. Good 
ventilation should be provided where radium, thorium, or actinium ia stored to prevent 
buildup of thin element. 

RHENIUM (L. R h u s ,  Rhine), Re;  at. wt. 186.2; at. no. 75; m.p. 318OOC; b.p. 5627OC 
(est.); sp. 5. 21.02 (20°C); valence - 1, 2, 3, 4, 5, 6, 7. Discovery of rhenium is generally 
attributed to Noddack, T a k e ,  and Berg, who announced in 1925 they had detected the 
element in platinum ores and columbate. They also found the element in gadolinite and 
molybdenite. By working up 660 kg. of molybdenite they were able in 1928 to extract 1 gm 
of rhenium. The  price in 1928 w a ~  10,OOO dollam/gm. Rhenium does not occur free in 
nature or M a compound in a distinct mineral speciea. I t  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 dusta 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 lbs. of rhenium are now 
being produced yearly in powder and fabricated forms by one U.S. company. The  total 
estimated free-world resenre of rhenium metal is 100 tons. Rhenium metal iu prepared by 
reducing ammonium perrhenate with hydrogen at elevated temperatures. The  element is 
silvery white with a metallic luster; ita density is exceeded only by tha t  of platinum, 
iridium, and osmium; and its melting point is exceeded only by tha t  of tungsten and car- 
bon. It has other useful properties. The usual commercial form of the element is as a pow- 
der, but i t  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 aa an additive to tungsten and molybdenum-based alloys to impart useful proper- 
ties. I t  is widely used for filaments for nisss  spectrographs and ion gages. Rheniuni- 
molybdenum alloys are superconductive a t  1 O O I C .  Rhenium is also used as an electrical 
contact material as it has good wear resistance and withstands arc corrosion. Thermo- 
couples made of Re-W are used for measuring temperatures up to 2200"C, and rheniuni 
wire is used in photoflash lamps for photography. Rheniuni powder sells for about 2 
dollars/gni or 600 dollars/lb. Fabricated rheniuni strip sells for about 800 dollars to 1.500 
dollars/Ib. 

RHODIUM (Gr. rhalon, rose), Rh;  a t .  wt. 102.905; at .  no. 45;  n1.p. 1966 & 3OC; b.p. 
3727 f 100OC; sp. gr. 12.41 (20°C); valence 2, 3, 4,  or 5. Wollaston discovered rhodium in 
1803-4 in crude platinum ore he presuniably obtained froni South America. Rhodium 
occurs native with other platinum metals in river sands of the Urals and in North and 
South America. I t  is also found with other platinunl nietala in the copper-nickel sulfidc 
ores of the Sudbury, Ontario, region. Although the quantity occurring here is very small, 
the large tonnages of nickel processed makes the recovery conimercially feasible. The  
metal is silvery white and at red heat slowly changes in air to the sesquioxide. A t  higher 
temperatures it converts back to the element. Rhodium has D higher iiielting point and 
lower density than platinum. Its mnjor use is IU an alloying agent to plntinum. Such alloys 
are used for furnace windings, therniocouple elements, bushings for glass fiber production, 
electrodes for aircraft spark plugs, and laboratory crucibles. I t  is useful as an electrical 
contact material as it has a low electrical resistance, a low and stable contact resistance, 
and is highly reaistant to corrosion. Plated rhodium, produced by electroplating or 
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A =re detailed drauinq of the dual. activated carbon tiltcrs in Fiqure I shows the 
required shieldinq and capability t o  replacc the activated carbon i t  necessary. Tho 
c u b o n  filter 1s a dual unit with each bed consrstinq of a 110 kq of aCti\*clted c a r h n  
paeied ir. two Columns that are J 1 . S  cm diameter and 1 4 5  C x  t a l l .  E i t h e r  half of the 
unit may 3s w e d  w i t h  the radon-bearlnq a i r  ericeriaq the c h a M e r  a t  the bo-tom and 
passing 1.p through the t w o  ac:ivacc3 car3on columns SlnulcJncously. The a c t ~ v a t e d  
carbon ia expected to process about 4 . 9 0 0  cubic meters of air per month. 

J 

- 6 C  

Pig. 2. Flow Schematic - Radon 
Retention System 

BC 

Fig. 3. Dual Activated Carbon 
Filter 

Shield inq Cond it ion: 

A aix-inch lead shield a s  designed around the carbon filter. The maximum continll- 
ous input of radon was specified a s  300 uCi per minut.:. When cauilibrlum is rcachcd 
in the carbor. filter, ibout 2.4 curies of radon are e:cpccted cc be prcscnt. T3Lle 2 
briefly revicvs thc radon decay chaln and sliows only :he q m i  energies.and yield. 

Table 2 :  Radon-222 Oecay Serics 

I 
Hal€-Life Camma Enerqy (M?v) Yield 1 

Nuclide - 
3 . 8  d 0 . 5 1 0  j ,  0 . 0 1  

2 2 2 b  

*laPo 3 . 0 5  m -- -1 
'Pb 

2 I b B i  

26.8 m 

19.7 rn 

1 6 4  us 

21 Y 

0.295 
0.352 
0.609 
1.120 
1.764 
0 . 8  
0 . 0 4 7  

19 
36 

4 7  
1 7  
1 7  

0.014 

I 
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Khen conqiderinq shicldinq aced?). II'Pb and - ' - 9 i  contribute almost all of the 
q a m  rays of conccrn. A calculated s i x  irCh2b of lead KOl'Ad bc expected to reduce the 
maximum dcsc rJte to less than 1 n r c w n r  at t:ie outside surface of the shield. The 
shicldinq nas four access pluq- on tna top that would permit replacement of the carbon 
if soma unforeseen cantJminant 'Juccs tne adsorption capacicy. The radon and dauqhcers 
w u l d  be pernizted id decay b r  . replacinq t3e car3on. The residual -*.Po Which vould 
build up qraduAlly iil the cdzi I J S  a low yield ( 4 3 1  qamma er.ission o f  l o w  energy 
10.057 MeV) which is not expccr.4 t o  cause any severe exposure problems. 

Ccnclusions 

X prototype retention system €or radon and its dauqhters has been successfully 
tested. The prototype t e s t  indicated 4 0  Cubic meters of air would be decontaminated of 
radon by one kiloqran of DCB ( 6  x 16 neshJ dccrv. ted carbon under the ewperimental con- 
ditions of 0 r2.C and 330 cm/min superficial veic-icy c1: 660 cm/min tn:e velocity 
wuiderinq 5 O t  Void. 

A fLral desiqn was completed and the system L S  expected t o  be rnstalled and oper- 
tonal oy Janl-rry 1, 1976. Details of the testinq of this system u r l l  be reported if 

~ ' . a r l a b l e  a t  tne scheduled oral presentation of this paper. 
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MEASUREMENT OF DYNAMIC ADSORPTION COEFFICIENTS FOR NOBLE GASES 
ON ACTIVATED CARBON 

0. P. Sisgmnh, C. K. Nwlander. R. T. Pao, and M. Siegler 

General Electric Company 
San Jose, California 

5 Nucleu Energy Oivision 

Abstract 

Experimental techniques and analytical procsdurfn w r e  developed to measure the noble gar dynamic adsort 
coefficients on activated carbon with a continuous inlet noMe gn flow nttw than the normal radioactive t r a m  
injection method. Nonradioactive krypton or xenon was blended with dry air to a concentration of 1 to 10 ppm bv VOI 

and continuously fed to the inlet of the test adsorbet. The sdwxber effluent was divided to permit sample storage as we 
real-time analyses. The experimental work was prformed m'th 1-1/4- or 2-in. diameter adsorber columns 2 to 8 tt I. 

To measure a few pans per million of krypton or xenon in air, spscial analytical techniques WR denlope 
proconantrate the samples. The breakthrough curves wre established bv quantitatively measuring the adsort 
cancantration in the carbon drorber effluent with an ultrasonic detector gar chromatograph. The dynamic -rp! 
coefficients (kd) w r e  calculated from: 

kd F tnJM 

where kd - dynamic adsorption coefficient (cct2OoC, 1 atm E STP)/gml ; F - gs flow rate (cc(STP)/min] ; t,,, - 
man residenca time (mid; M - mass of dry carbon (gm). 

The experimentally determined dynamic adsorption coefficients were in close agreement with thae pmiou 
reponed in the literature for other carbons. The equilibrium stage theoreticnl model adequately described thc me as^ 

breakthrough curves. 

I. Introduction 

Removal of noncondensable gases from the turbine condensers in thermal generating plants i s  g e m 1  
accomplished with steam jet air ejectors (SJAE). In nuclear generating plants, the radioactive noble gases Kr and Xe we 
potential source of radioactivity in the plant gaseous effluents. Unless properly treated. the noble gases could -me a rn+ 
sourca of off-site radiation. Sin- most Kr and Xe radioactive isotopes have relatively short half-lives. systems whlch d d r y  u 
noble gases can be used effectively to reduce the total activity by radioactive decay. 

The Y A E  effluent (offgas) from a boiling water reactor i s  composed primarily of hydrogen and oxygcn from m 
radiolysis of reactor wster and a i r  from condenser in-leakage, but also contains trace amounts of radioactive noble gm 
General Electric is offering recombiner - activated carbon systems designed to delay the noble gases and also i, derebpn 
methods far the removal and storage of these gases. Measurements of the noble gas concentrations in the recornbind 0- 
Inormlly 0.5 to 1.5 ppm by volume) and evaluation of different noble gas delay or removal systems required rh 
development of new analytical and experimental methods. These methods and their application to the evaluation of act- 
carbon as an adsorbent for Kr and Xe are discussed. 

It. Theory 

T h  dynamic adsorption proam is one in which a grmus species in a flowing carrier gas stream is *wid 
adsorbed onto tho rurfaca of a solid adsorbent. Although the adsorbate is  not bound permanently to the dsortxnt. its d 
from the admarptlon bed is delayed with respect to the carriw gas. Ssveral theoretical treatments haw bttn und 8 
charmeritr the dynamic adsorption process, and the one developed a t  the Oak Ridge National Laboratory ( O R N L )  has b a  
adopted for this paper.(*) In this approach, the packed adsorkr column is assumed to be divicbd into a n u m b s  0 

theoretiul'chamkn in series. The gas flow into each chamber is instantly distributed and brought to adsorption cqut l ibd 
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It has Men snown that for a linear adsorption isotherm, which should apply a t  low adJorbate concentrations, th 

mrlhcrmtld solutior. f a step change (constant input) initial boundary condition is equivalent to the integral of the 
durlon for a Iquare w.we (pulse) boundarv condition;(2) ;.e., 

m e  ZN provides the effluent concentration profile for a step cmstdnt input. 

Thus, the time required to reach the peak maximum for the pulse case, tmax: (obtained from y N  J 0)  can be 
equated to the time fo the inflection point in concentration for constant input (since LN = v i ) .  F o r  the near-symmetrical 
effluent distribution function described by Equation (2). this time can be denoted bv 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-l)/N will be approximately unity. The assumotion 
of large N and substitution of t, for tmax in Equation (3)  yields 

t, = k d M / F .  (5) 

This result show that a characteristic residence time of an adsorbed species in a dynamic adsorption column of mass 
k~ and a t  carriergas flow rate F is defined by the proportionality constant, kd. Once the effect  of those system parameters 
*id affect kd are known, the mean delay time for any given total flow (F) and adsorber size (MI a n  be calculated by using 
Equation (5). 

A computer program -3 wrinen to integrate Equation (2) numerically. The number of equilibrium stages (N) was 
ulculated by using the revised correlation proposed by Vermeulen, as described by Robell and Merrill.(2) Effluent profiles 

Qlculated by integrating Equation (2)  after substituting the experimental conditions and the value of N found above. 
h~ P I o f h  agreed well with the experimentally measured curves over a wide range of conditions (Section VI.  which lends 
~~~ to the application of the equilibrium stage theory to dynamic noble gas adsorption on arbon. 
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An analytical instrument uprM0 of detecting the noble gases in air a t  the p r r t s  par million lwei and bo40 
mdrd for analyzing actual and simulated reactof offgas. Since the instrument would be used both in the laboratory 
the field, it also had to be somewhat pmable. A survey of available analytical techniques indicated that a gas chromatr 
(GC) with a helium ionization detector (HID) or an ultrasonic detector (UD) could probably meet these requirements. 

The HID is a t  least an order of magnitude more sensitive than the UD. However, the high sensitivity of th 
requires the chromatographic system be extremely clean and free from leaks, Le., water vapor or air  can swamp the dcr 
In fact, the sensitivity of the HID to leaks precludes the use of any valving batmen the sample inlet and H!D. Pr 
experienca with an HID GC showed the detector was easily poisoned and rsquired hours of bakeout time atter 
mrinteruncs or instrument modifications (0.g.. column changes). In addition, the instrument was quite delicate rnd tub 
shipping damage. The UD has the advantages of a wide dynamic range (lo6); freedom from single carrier gas require 
i.e., the HID requires ultra-pure helium carrier; flexibility, since column switching valves can be used; ana p r e d b  

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 th8 phase shift of a 
Toa 

the peak area for I particular sample cornporn 
the mixture to a reference signal. The characteristics of the UD have been discussed by Noble, e t  br:F07:?~) and Grice and David.(S) As shown 

degree-seconds (A) for a given detector can be approximated by 
Grice and 

where 

K - Detector constant; 
n = Moles of component in rample; 
M . - Molecular weight of component; 
Mc = Molecular weight of carrier; 
P - Pressure of gas in defector cell; and 
Fc - Carrier flow rate. 

f o r  a given set of chromatographic conditions, the pressure and flow ra te  are constant. Thus, the r e w n &  mr 
i s  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 appreciable error for a l l  samples except those of very low mole! 
weight. The data reponed 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 5A molecular sieve (MS) column h e r  
relative concentrations of 02, N2, and Kr are within a few orders of magnitude of each other. However, the quvltitz 
determination of 1 ppm Kr in air (Figure 2) presents a more difficult problem. The Kr peak appears on the t a i l  of the 
peak and is too small for accurate quantitative measurements. An experimental investigation of several GC column pac 
materials and operating conditions was conducted to optimize the separation of t raa quantities of Kr and Xe from air. 
results of this program (Table 1) indicated that Carbosieve-8 provided good separation between air, Kr, and Xe. but rutti 
from interference of CH4 and C02. Porapak-T appeared capable of separating Xe from C02, CH4, and air. Type SA# 
subambient temperature (-10 to 10°C) was the best for the Kr analysis. In the final analytical scheme, a Carbosieve-8 all 

was incorporated to eliminate most of the N2 and 0 2  from the sample, followed bv a SA-MS column for Kr n*sb 
Poraprk-T column for Xe analysis. 

Analvtical Procedure 

A Tracor Model MT-150 GC equipped with a dual UD (Figure 3) i s  used to detect the sample componenn and 
corresponding peak areas are measured with an Autolab System I V  computing integrator. The required sensitivity is obuil 
by using 20 cc air samples. Most of the air is separated from the sample in a cutting column; the final separation i s  effects 

30 
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Carbosieve-B 35 to  60 CH4 interferes wi th Kr. and 
C 0 2  interferes w i th  Xe. 

30 4 

0 5.A Molearlar Sieve 30 -15 to 95 8 t o  12 A t  - 10 to 10°C, can be used 
for Kr. Interference from 
H20 and C02  for Xe. 

Porapak-Q 

P0rapak.T 

25 to 70 -40 to 27 8 to 12 Insufficient separation between 
air and Kr. Water and C 0 2  
interfere wi th Xe. 

40 to  70 27 to 120 12 Insufficient separation betwen 
air and Kr. Good for m a r a t i n g  
Xe from air, C 0 2  and CH4. 

TABLE 2. Gas Chromatograph Operating Conditions 

Carrier Flow, cc(STP)/min. 
Oetecior 

. . . . . . . . . . . .  

Pressure, p i g  
Temperature, OC . . . . . . . . . . . . . .  

Length, inch<= . . . .  . . . . . . . . . .  
Inside Diameter, inches 
Packing . . . . . . .  . . . . . . . . . .  
Mash Size . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

Cutting Column 

. . . . . . . . . . . .  

Analyticai Columns 
Length, f t  
Inside Diameter, inches . . . . . . . . . . . .  
Packing 
Mash Sire 
Temperature. OC . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  

Krypton 

60 

30 
120 

9 
0.17 
Car bosiave- 6 
140/200 

8 
0.10 
5A-MS 
60/80 

-10 to  +10 

Xenon 

so 
30 

1 20 

9 
0.17 
Carbosieve-8 
1401200 

12 
0.10 
Porwak-T 
50180 

0 to 30 

O O O 1 6 4 .  
3 1  
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FIGURE 1. SEPARATION OF OXYGEN, KRYPTON, AND NITROGEN 
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mi.r: Holium a t  26 cc(STP)/min 
mpk: 8 a of 1 ppm Kr in air 
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FIGURE 2. DETERMINATION OF 1 ppm KRYPTON :‘ 241R 
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IV. Exwr imnu l  ADMntUs 

Flow Svmm 

Tho dywmic ujsorption experiments h v e  bean performed with the equipment shown schematially in F+ 
C o r n w e d  01 cylinder air is dried to an inlet dewpoint of -7OOC (< 3.5 ppm moisture) with Type 3 4 s  (to h 
of C o p )  
conwining 100 to 500 ppm of Kr or Xe in zerograde air (< 2 pprn hydrocarbon content). The two gas flow are i d i v k  
metered through a i t i a l  flow orificcs to give noble gas conccnnations of 1 to 10 ppm a t  the adsorber inlet. R o v i ~ i o ~  
eusily k mads to add moisture or gaseous m t a m i n m n  to the flowing carrier gas stream. 

Is deanad of traw hydrocarbons with an activated carbon filter before being Mended with a w-rd 

Three adrotben (either 1-1/4- or 2411. inside diameter aluminum columns) are located within a W e b k ,  
temperature chamber in which a constant temperature (i lot) can be maintained (Figure 81. The columns can bt 
individually or in wries to provide adsorber lengths of 2 to 8 ft. The gas flow path contains in-line probas for contin 
remote monitoring of the gas temperature and humidity. Humidity measurements are made with a Panatnetria. 
Model-1000 aluminum oxide hygrometer capable of measuring gas dewpoints over the range of -1 10 to  +20°C. The n 
pressure is controlled with a backpressure regulator located in the gas sampling system and i s  measured at the entrance c 
chamber. The total gas flow rate is continuously monitored at the same location with a calibrated laminar flow dement 

Gas Samplinq Svstem 

The adsorbar column effluent f l w  to the gas sampling system (Figure 9). The total effluent gas flow i s  dir 
into parallel nream so that a portion of the stream can be analyzed in real time a t  the GC and ocher fractions can be o 
for subsequent analysis. Two 15-loop sample norage valves (SI, S2) are used to store UP to thirty 20 cc samples. The v o b  
of the mnnecring lines between the GC sample valve (V1) and the &port switching valves (C1. C2) have been adjunr 
20 cc to provide a m n d  sample loop for real-time GC analyses. Before the storage valves are indexed to the next sa 
loop, solenoid valves (El, E2) are energized to close the inlet lines and enable the loop pressures to  bl& d a  
atmospheric preuure. Check-valves in each of the parallel sample lines prevent the high pterrure carrier gas contained w’ 
previously analyzed sample loops from diluting subsequent samples. F l o w  of 40 to 60 cc(STP)/min are m i n t r i n d  ttm 
each of the sample loops, requiring a minimum adsorption system backpressure of 1.5 to 2.0 wig. 

V. Experimental 

Experimental Conditions 

Samples of activated carbon from several vendors wemevaluated for Kr and Xe adsorption a t  a var- of 
conditions. For a l l  these tests, the carbon was first dried in a 120% 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 ad- 
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 

Before starting a ten ,  the carbon was flushed with dry air(-70°C dewpoint) until the inlet and outlet humidities u 

equal. After the Kr or Xe run mix wns added to the carrier air stream, the column effluent was sampled and analyzed for 
or Xe. Plotting the measured outlet ancentration versus time gives an S-shaped adsorption breakthrough curve (Figum 1 
The time axis in Figure 10 is  normalized with respect to the mean breakthrough time and the concentration axis with req: 
to the inlet 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 cdumn lengths and flow rates was chosen SO that complete breakthm 
of the noble gas occurred in a reasonable period of time. For example. a t  25OC and at  a suwrficial velocity of 1.6 W a  
mean holdup timas of approximately 25 to 30 minutes and 7 to 8 hours were found for K r  and Xe adsorption, r a p e a r n  
in a 2-ft long adsorbor bed. 

Reoroduc ib i l iw 

Early in the experimental program, a series of adsorption runs was made to determine error limits and e x p i m a r  
accuracy. Five months later, in tests made with a sample of the same type carbon but which was obtained a t  a htcr  da 
lower values obtained for the adsorption coefficient led to retefling the original carbon sample. Thus, eXperitTWntS have bs 
run with different columns and column lengths. with columns that had been reloaded with previously rested carbon. as I; 
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FIGURE 8. ADSORPTION COLUMNS IN CONTROLLED TEMPERATURE CHAMBER 
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S 
C - 8port switching valve 
L - 6port switching valve 
V 
ch - C h e d r V 8 h  
E - ?-way solenoid valve 
B - Back prerurs regulator 

- 15-loop sample storage valve 

- Sport GC sampling vatve 

FIGURE 9. GAS SAMPLING SYSTEM 
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0 I I I 
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FIGURE 10. CALCULATED VERSUS EXPERIMENTAL BREAKTHROUGH CURVES 



! TABLE 3. Experimental Reproducibiliw 

Conditions 
Column Size Flow Velocity b ( K r ) '  b ( X e ) *  

(inches) (Wmin) [cc(STP)/amI 

Coconut Base Carbon A - Sample 1 

1-114 X 48 
1-1/4 X 96 
1-1/4 X 96 
1-114 X 24 
1.114 X 48 

1.6 
1.6 
1.6 
1.6 
1.6 

1-1/4 X 24 (Rerun 5 months 
after above experiments) 3.2 

Coconut Base Carbon A - Sample 2 

2 X  48 
2 X  24 
1-114 X 24 
1.114 X 24 
1-114 X 24 

0.8 
0.8 
0.8 
3.2 
3.2 

57.5 
55.0 
54 .O 

55.0 
900 

890 

52.6 
775 
760 
81 5 
790 

'kd measured a t  2SoC, 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 noble gas dynamic adsorption coefficients a t  conditions 
~Pwoximeting those expected in the recombined offgar (primarily air) of an operating BWR. Adsorption experiments were 
W d W e d  at noble gas concentrations of 1 and 10 ppm. Since atmospheric air contains 1.14 ppm Kr, the columns were first 
fluahd with nitrogen for the low concentration experiments. Changing the noble gas concentration from 1 to 10 ppm 
WOdUced n0 noticeable effect on the dynamic adsorption coefficient. Therefore, most experiments were performed with 
noble o# COncantrations of about 10 ppm to simplify the experiments and afford better accuracy. 

Eftsaf ftmrrerature 

upabilities of the controlled temperature chrmkr  containing the adsorbor columns permitted experiment 

* tefW~atUreS. A comparison of the experimentally measured effect of temperature on the adsorption coefficient for 
On coconut bJJfb arbon with literature datr(6-8) (a  compilation of #vera1 carbon types) i s  given in Figure 11. It a n  beaseon 

br fwla over a wide range of temperatures. Although mos t  of the experiments were run at  25OC some tests were 

f 'xm'immtd and literature adsorption coefficients agree rerroMbly in absdute value. 
000176 
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0 GE dam. Coanut Cabon A 
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Columbia G 

0 Fomer (81, Various w e  carbons 
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FIGURE 11. DYNAMIC ADSORPTION COEFFICIENT VERSUS TEMPERATURE 
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TABLE 4. Oynamic Adsorption Coefficients for Selected L - b m s  
(25°C, Dry Carbon) 

&; :-?*i A 55.3 - 52.6" 910 - 785" 
Carbon B 50.2 770 
Carbon C 57.7 925 
Carbon 0 55.5 970 
Carbon E 44 .O 690 

?etroleum Base 

Carbon F 47.2 - 46.5" 680- >55" 
Carbon G 47.7 620 
Carbon H 45.0 720 

Carbon I 
Carbon J 

81.9 
34.4 

680 
460 

16.4 - 15.8 
15.4 
16.0 
17.4 
15.7 

14.4 - 14.1 
13.1 
16.0 

16.3 
13.5 

*kd measured at  25OC, 16.7 psia and normalized to STP. 
**kd measred on carbon samples recaived a t  different times. 

VI. Conclusions 

Analytical and experimental techniques have been developed to determine noble gas dynamic adsorcrion coefficients 
on activated carbon at  concentration levels approximating those in the offgas of an operating 8 W R .  The data obtained agree 
e l l  with values obtained by other techniques.(6-8) The versatility of the system and procedures developed will enable 
dvnimic adsorption experiments to be conducted with a variety of adsorbate and adsorbent combinations and experimental 
mditions. The use of nonradioactive gam precludes the need for special safety and monitoring facilities or pocedures. 
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, Radon Adsorption in a Gas Flow by &i, Activated Charcoal 
i 

udwd 12 Ocrober 1978; ctcceptetl 19 April 1979) 

STUDIED the rndon adsorption characteristics of R 
nmercial charcoal as a function Of time, tempera- K' gas velocity and radon concentration. We chose 

The experimental procedure is described as follows: 
The charcoal is divided into 30 fracttons in an adsorp 
tion tube (length. 27.8 cm: diameter. 4.5 cm: distance 
between two fractions. 0.6cm; thickness of each frac- 
tion, 0.2 cm; and mass of each fr;tction, 1.4 g). Nitro- 
gen gas with a known "'Rn concentration flows 
through the adsorption tube. The quantity of '"Rn 
iidsorbcd in each of the 30 charcoal fractions is 
msasured by ;-spectrometry (RaC'). We made our 
tests with gas velocities of 1.5, 4.4 or 2 9 c m . w  and 
temperatures of 293. 273 or 194.5 K. 

The duration of the adsorption varied from I rnin 
IO I hr. The radon concentration varied rrom 5.1 pC'i;l. 
to 9.1 nCi/l. During each adsorption test all the 
parameters remained constant. 

The results of these tests are shown in Figs. 1-3. 
Thesk figures show the quantity of "lRn adsorbed in 
each carbon fraction as a function of the fraction 
number. in a semilogarithmic scale. The quantity of 
adsorbed "'Rn is normalized to the activity concen- 
tration of "'Rn of the gns flow. to compare the 
results. 

adsorption. These data were mxde at ;I gas velocity or 
44cm/sec and an adsorption time of I hr. The curve 
with an adsorption temperature of 194.5 K i s  signifi- 
cant. 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 inllucnce of gas velocity in 
adsorption at a temperature of T =  273 K. Each 1 s t  
lasted 10min. The quantity of "'Rn adsorbed in the 
firsr fraction is always the same. The gas velocity 
iiilluences the decrease in the adsorption zone only. 

Figure 3 shows the distribution of the "'Rn as ;1 

function of adsorption time. Four tests were con- 
ducted at 3 temperature of 293 K and il gas velocity 
of 4.4 cm/xc. Longer adsorption times flattened the.  
decrease of the adsorption curves in the ndsorption \ '  

zone and increased the mnximum or '"Rn adsorbed 
it1 the first fraction. This indicates that more thnn 
one adsorption process with direrent kinetics may bc 
taking place (Gu55; Wi40). 

Figure 1 shows the efrect of the temperature in * 
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ABSTRACT 

The protection against radon gas afforded by several typea 
o f  activated carbon gas mask canisters was determined, since 
uranium mine personnel are occasionally exposed t o  radon concen- 
trations i n  the thousands of pCi/l range, and calculations showed 
t h a t  3300 pci/l of radon was equivalent to the permissible l e v e l  
of 0 . 3  WL of  radon daughters on the b a s i s  o f  potential  alpha 
energy release i n  the respiratory t r a c t .  The canisters were 
tested a t  ra .m concentrations from about 1500 t o  40,000 pCi/l 
and flow rates  from 8 to 64 l/min. Other variables studied were 
t e e t  air humidity, water content of the carbon, and temperature. 
Results indicated t h a t  a canister containing about 900 ml of dry, 
high-grade activated carbon, used a t  a breathing rate  of 1 6  l/min, 
would provide almost 100% protection against radon for a period 
of one hour a t  a tempe-Tture o f  2S0C and an air humidity of about 
9 rr,g/l. 
lower temperatures e x i s t i n g  i n  uranium mines. 

Protection woi:+3 be provided for a longer period a t  the 
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Concentration l imits  for the exposure o f p a n i u m  miners are 
expressed i n  terms o f  radon daughters, which constitute  the pre- 
dominant i n h a l a t i o n  hazard compared to  radon gas. Mine atmospheres 
normally are ventilated t o  maintain radon daughters below prescribed 
limits.  However, i n  certain r e s t r i c t e d  locations such as abandoned 
workings and exploratory d r i f t s ,  venti lat ion may be d e f i c i e n t  or 
absent. This can give  r i s e  t o  extremely high concentrations of 
both radon and i t s  daughters, often comparable t o  values o f  50,000 
pCi/l reported by Holaday et a. ( i n  their early  investigations.  
During the occasional b r i e f  entries  t o  these areas that  are 
required for exploration or maintenance, personnel should be 
equipped with respiratory protection against both radon and radon 
daughters, since exposure t o  radon i t s e l f  can be hazardous. To 
define more accurately when protection i s  needed, an MPC i s  required 
for radon-222 gas i n  the absence o f  i t s  daughters. This har-%oU 
been s e t  in the standard radiation protection handbooks. 
an estimate may be obtained by considering the MPC for radon-222 
t o  be t h a t  concentration which w i l l  result  i n  the same energy 
release i n  the respiratory t r a c t  that would be given by a radon 
daughter concentration corresponding t o  the current l i m i t  of  0 . 3  
working l e v e l s  (WL) . 

However, 

One WL i s  defined as that  quantity of  radon daughters per 

Hence, 0 . 3  WL would result  i n  the 
l i t e r  of  a i r  which w i l l  r e s u l t  i n  the eventual release o f  1 . 3  x 
10' MeV of alpha energy. 
eventual release of 0 . 4  x lo8  MeV of alpha energy per l i t e r  o f  
a i r .  To calculate the alpha energy release i n  the respiratory 
t r a c t  due t o  inhalation of  a i r  a t  0 . 3  WL, it i s  necessary t o  
assume values for fractional respiratory deposition and for 
breathing rate (minute volume). 

George and Breslin'')  reported deposition values from 2 3  t o  
45% i n  uranium mines varying with mine location, individual 
tested,  and t i d a l  volume. Most of their  results  were obtained 
for sedentary subjects having low t i d a l  volumes. They also found 
t h a t  increased t i d a l  volume resulted i n  increased deposition. 
For mine workers doing moderate work, t i d a l  volume would be 
higher than for the sedentary p s i t i o n .  Hence, it seems reasonable 
t o  assume a round value of 50% for the purposes o f  t h i s  calculation.  
The breathing rate adopted by the ICRP(3) for the quantity o f  air  
inhaled during an eight hour day, lo' cm3, i s  used. This value 
corresponds approximately t o  20 l/min. 

With these assumptions o f  fractional  respiratory deposition 
and breathing rate, the deposition of  potential  alpha energy i n  
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( k  h+ Y J  the respiratory t r a c t  per minute for 0.3 WL i s  (0 .4 x 10') ( 0 . 5 0 )  
(20) = 4 x los  MeV/min. Accordingly, t o  calculate  the MPC for  
radon-222, it i s  necessary to f ind the radon concentration which 
would r e s u l t  i n  the deposition o f  4 X 10' MeV/min o f  potential  
alpha energy i n  the respiratory t r a c t .  This type o f  calculation 
has been done by Holaday a. ( '  , who assumed a lung volume o f  
2 . 7 5  l i t e r s  and complete retention of the radon daughters formed 
by decay of  radon while i n  the respiratory t r a c t .  The assumption 
of complete retention was presumably made because the freshly 
formed R a A  would be unattached and hence would diffuse rapidly t o  
body surfaces. 
o f  1 p C i / j  would release 1 1 6 . 7  MeV i n  the respiratory t r a c t .  
Hence, the MPC for radon would be ( 0 . 3 )  ( 1 . 3  X 106)/(1.17 x 10') = 
3300 p c i / i .  Respiratory protection against radon i n  absence of  
i t s  daughters i s  therefore indicated when the radon gas concen- 
tration exceeds about 3000 p C i / L .  

Their calculation showed that a radon concentration 

A t  present, the only feasible  method of providing t h i s  
A respiratory protection i s  w i t h  supplied a i r  respirators.  

t y p i c a l  device o f  t h i s  k i n d  might weigh 20 pounds and l a s t  for 
about 20 minutes. 
servicable time obviously would be highly desirable. 
i s  known that activated carbon has a limited capacity t o  absorb 
radon even a t  room temperature(' * 6 ) ,  it appeared that a gas mask 
canister  containing carbon might provide worthwhile protection. 
The purpose of  t h i s  work was t o  investigate  the degree of  radon 
protection afforded by the small M11 Army gas mask canister,  
a larger commercial canister,  the Scott-Acme type 184. 

Reduction of t h i s  weight and/or. increase of 
Since it 

and 

THE MI1 AND SCOTT-ACME CANISTERS 

The M11 Army gas mask canister,  a component of the M9 gas 

It was manufactured i n  
mask, was developed by the Army Chemical Corps during World War 
I1 and has been described by West(').  
large quantities for issuance t o  Army personnel. The canister . 
contains a pleated, high e f f i c i e n c y  filter which should remove 
radon daughters with very nearly 100% e f f i c i e n c y  regardless o f  
t h e i r  degree of attachment. 
and i s  mounted on one side of the gas mask facepiece, a conven- 
i e n t  and comfortable arrangement. 

The canister weighs about 260 grams 

The Scott-Acme canisters (Acme Products, South Haven, Mich.) 
were the manufacturer's types 1844V and 184-OVWC. The canisters 
are mounted on the wearer's body and are connected t o  the facepiece 
by a corrugated hose. 
weight about la pounds. 

Their s i z e  i s  roughly 2 3 "  x 4a" x 7 " J  and 
The canisters do not contain a high 
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e f f i c i e n c y  f i l t e r ,  and hence would not provide protection against 
particulate radon daughters. Canisters containing both activated 
carbon and a high e f f i c i e n c y  f i l t e r ,  however, are available from 
Scott-Acme and other companies. 

0 

! 

! 

4 

Some o f  the properties of the carbon beds of  the M11 and the 
Scott-Acme canisters are l i s t e d  below. 

Property Scott-Acme 

Carbon volume, cm3 900 270 
Area of  carbon layer, cm' 60 87 
Thickness of  carbon layer, cm 1 5  3 . 1  
Void fraction 0 . 7 2  0.70 
Mesh s i z e  6-16 12-30 

The quantities i n  the l i s t i n g  above were determined i n  t h i s  labora- 
tory by simple methods or obtained from the manufacturer and must 
be considered as approximate. A n  emission spectrographic analysis 
was also done on carbon from the Mll and the two types of Scott-  
Acme canisters. The M11 carbon, known t o  be the impregnated I'ASC'' 
t y p e ( ' ) ,  showed about 0.1% s i l v e r ,  1.0% chromium, and 0 . 5 %  copper 
by weight. The values for the Scott-Acme 184-0VWC carbon were 
about 0.1% s i l v e r ,  and 0.8% chromium, and 0.7% copper. It  appears, 
w i t h i n  the l imits  of the analysis,  that  the Scott-Acme 184-0VWC 
canisters and the M U  canisters both contain "ASC" impregnated 
carbon. Carbon from the Scott-Acme 184-0V canizters c x a i n e ' d  no 
detectable s i l v e r ,  chronium or copper, and was assumed t o  be 
unimpregnated. 

/--- 

APPARATUS AND PROCEDURE 

The canisters were tested by passing a radon-air mixture 
i n t o  them a t  a known flow rate,  radon concentration and humidity, 
and determining the radon transmission vs.  time. The dimensionless 
fractional transmission T i s  defined as the concentration of radon 
i n  the carbon bed eff luent  divided by the influent concentration 
a t  any time. Details  of the t e s t  apparatus are shown i n  Figure 1 .  
Radon was generated by bubbling a i r  saturated w i t h  water a t  1 l/min 
through a radium chloride solution. Several d i f f e r e n t  solutions 
were used, w i t h  radium contents i n  the range of  0.2 t o  5 mCi. 
High e f f i c i e n c y  f i l t e r  paper was used downstream o f  the bubbler 
t o  remove any entrained aerosol from the radium bubbler. The 
main a i r  supply for the apparatus entered through flowmeter F - 1  

, I 

i 
:n. ' 
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a t  various craw rates  from about 20 t o  7 0  l/min and was humidifi 
when desired, by  one or more o f  the humidifying tubes shown i n  
the figure.  When very dry  air was needed, the humidifying tubes 
were replaced by a s i l i c a  g e l  dryer, The t o t a l  flow into the 
canister t e s t  chamber was s e t  a t  a higher value than any of ':e 
flows t o  be withdrawn through the t e s t  canisters,  t o  provide si 
excess. The radon concentrations obtained varied from about ~500 
to  40,000 si/&. Canisters were tested a t  8, le* 3 2  or 64 .t/min, 
the canister flow being maintained by two flowmererst F-4 a t  8 
e/min, and F-3 2 2  the rate needed t o  make up the t o t a l  flow. The 
8 l/min flow l i n e  was arranged t o  measure radon concentrations i n  
the eff luent  from the t e s t  canister.  This l i n e  was provided w i t h  
a bypass so that  the flow could be maintained constant whetfiar 
or not a concentration sample was being obtained. 

To prepare for an adsorption t e s t ,  the a i r  flow was maintained 
f o r  about 2 or 3 hours t o  e s t a b l i s h  equilibrium conditions. The 
waiting period allows accumulated radon i n  the radium bubbler t o  
be swept out into the hood, and allows the water i n  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. 
the input radon concentration was measured a t  8 L/min using the 
two-fi l ter  method('), sampling from l i n e  - of the figure. Samples 
were taken for three minute:, using 934ARI '.::?er (Reeve-Angel Co., 
C l i f t o n ,  N .  5.3 w i t h  a 530 31 two-fi l ter  rube and were counted 
from 3 t o  6 a  minutes a f t e r  the end o f  the sampling w i t h  an alpha 
s c i n t i l l a t i o n  counter. Usually four determinations were taken 
prior t o  a t e s t ,  and four a f t e r  completion of the t e s t .  After 
establishing the i n p u t  radon concentration, the canister was 
attached t o  ine 2 of the figure and the radon concentration i n  
;he c:.nister output determined repeatedly a t  three minute inter-  
i a l s .  The average transmission obtained over the three-minute 
sampling period was considered t o  be the instantaneous transnission 
a t  the midpoint of the sampling period. 

Immediately prior t o  the t e s t ,  a 

The humidity of the a i r  stream, i n  milligrams o f  water vapor 
per l i t e r  o f  air ,  was determined when needed by &awing a sample 
from li:?t-. 1 a t  3 l/min through s i l i c a  g e l  (Tell-Tale,  Fisher 
Scient: IC Co., No. S-160) contained i n  a sampling tube about 2 
cm i n  c - m e t e r  and 12 cn long. 
about 2 grams or more 0 2  latex apor i: 3 k / m i n ,  

Such a tube will tnpletely adsorb 

I n  two cf the canister t e s t s ,  CO, was introduced a t  a con- e centration 0:: 2% by volume. This was done by means o f  a CO, tank 
and auxiliary flowmeter s e t  a t  400 ml/min, not shown i n  Figure 1. 
Since it was not known whether CO, would have an e f f e c t  on the 
two-filter method for radon, a few t e s t s  were done a t  a constant 
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radon concentration w i t h  and without the COa 
obtained w i t h  COa were a few percent higher than those obtained 
without C O O ,  but since the e f f e c t  was small it was ignored. 

Concentration values 

RESULTS AND DISCUSSION 

The primary data were obtained i n  the form of transmissi'on 
vs. time curves, Figures 2 t o  9. From these curves, the canister 
l i f e .  t o  any fractional  transmission could be obtained and, by 
integration, the fraction of input radon adsorbed t o  a given t e s t  
time calculated. The principal  variables studied were radon con- 
centration, a i r  flow rate,  t e s t  a i r  humidity and canister water 
content. Some information was also obtained on the e f f e c t  o f  
carbon dioxide, the r e l a t i v e  e f f i c i e n c y  o f  different  carbons, and 
the e f f e c t  of temperature. 

E f f e c t  of Radon Concentration 

Theoretically,  the transmission o f  a noble gas through a 
carbon bed i s  independent of  the gas concentration when the gas 
i s  present i n  low concentration. This has been v e r i f i e d  for 
krypton and xenon(') , and should a l s o  apply t o  radon. To confirm 
t h i s ,  dry M11 canisters were teated a t  radon concentrations o f  
about 1600 and 38,000 pCi/l,  with a l l  other conditions being held 
as nearly constant as possible. The transmission curves are shown 
i n  Figures 3 and 4, and the r e s u l t s  summarized i n  Table 1 for 
intercomparison. The table  shows that  radon concentration has 
no detectable e f f e c t  on the r a t e  o f  radon adsorption, and i n  sub- 
sequent work the radon concentration was s e t  as high as feasible,  
to improve the precision of  the t e s t s .  

E f f e c t  of  Flow Rate 

From theory" ' ) flow rate has a pronounced e f f e c t  on noble 
gas transmission through carbon beds. Results are shown i n  
Figures 2 t o  9. 
of  the l i f e  of the canisters to, e .g. ,  10% transmission a t  flow 
rates differing by a factor of  two, as indicated i n  Table 2 .  The 
table  shows that within the range studied, the l i f e  o f  the 
canister increases by about a factor of 2 . 5  w i t h  halving of the 
flow rate.  

From these figures a comparison may be obtained 

E f f e c t  o f  Water 0 The e f f e c t  of water on radon adsorption was studied i n  two 
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d i f f e r e n t  ways. I n  the f i r s t  method i n i t i a l l y  dry canisters were 
,used and the t e s t  humidity varied from nearly zero t o  about 18 
mg/e. I n  t h i s  case, one has co-adsorption of water and radon, 
and the water content of  the canisters varies with time, 

~n the second method the canisters were f i r s t  equilibrated 
w i t h  air  a t  different  humidities, and then a radon t e s t  was done 
w i t h  a i r  a t  the same humidity. 
or no co-adsorption of water during the radon t e s t ,  and the canis- 
t e r s  had e s s e n t i a l l y  the same water content before and a f t e r  the 
radon t e s t .  
defined, for experimental convenience, as the weight of  the 
canisters a f t e r  equilibration minus their  weight when equilibrated 
with a i r  a t  about 1 . 4  mg/L humidity. 

I n  t h i s  method there i s  very l i t t l e  

The water content o f  the canisters was a r b i t r a r i l y  

Tests done on M11 canisters according t o  the f i r s t  method 
are shown i n  Figures 2 ,  3, and 4.  The figures show the deleterious 
e f f e c t  of air humidity on dry M U  canisters. 
done using the second method, with canisters equilibrated a t  
various t e s t  humidities. Figure 10 shows a comparison of  results  
obtained by the two d i f f e r e n t  methods. It i s  apparent from the 
figure that water adsorbed during the t e s t  i s  more'harmful t o  
canister  radon adsorption e f f i c i e n c y  than water added before the 
t e s t ,  To find the reason for the difference, a i r  a t  about 1 5  
mg/& humidity was passed into a dry carbon bed containing a 
thermometer. A temperature r i s e  of  about 7OC was immediately 
noted. 
w i t h  co-adsorption of water i s  caused by the e f f e c t  of higher 
temperature on radon adsorption. 

Tests were also 

This q u a l i t a t i v e  t e s t  showed t h a t  the poorer performance 

The Scott-Acme canisters were tested using the pre-equilibra- 
t ion method only, and some of the transmission curves obtained 
fcrr d i f f e r e n t  water contents are shown i n  Figures 5 ,  6,  and 7 .  
The e f f e c f ' o f  water content i s  shown d i r e c t l y  i n  Figure 11, where 
the canister life t o  2% transmission i s  compared a t  the three 
flow rates  for different canister water contents. 

Integration of  the transmission curves permitted calculations 
o f  the fraction of  total input radon t h a t  i s  adsorbed by the 
canister dcring a 60 minute t e s t  as a function o f  canister  water 
content, Figure 12. I n  t h i s  f igure there are several  data a t  
"zero" water content and also a t  a water content o f  about 2 t o  3 
grams. The data a t  zero water content were for canisters equil -  
ibrated and tested a t  about 1 . 4  mg/I humidity: the data a t  2 t o  
3 grams water content were for canisters equilibrated and tested 
a t  9 m g / L  humidity. Comparison of  the results  shows differences 
i n  the fraction of radon adsorbed t o  be of  the order of  5% or 
l e s s .  This shows that humidities o f  about 9 m g / ~  do not seriously  
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decrease the fraction o f  radon adsorbed compared t o  dry conditions, 

Results of  t e s t s  a t  a volumetric concentration of  2% CO, are 
given i n  Figure 9.  I t  i s  apparent t h a t  CO, has a somewhat 
deleterious e f f e c t .  However, considering that the CO, concentra- 
tion used i n  the t e s t  was greater by a t  l e a s t  one order o f  
magnitude than the concentrations which would be expected i n  
mines, it appears that there need be no concern over the e f f e c t  
of normal CO, l e v e l s  on radon adsorption. 

Effect  of Temperature 

The e f f e c t  o f  temperature was studied by varying the room 
temperature from 25  i 1'C t o  20' + 1'C. I n  these t e s t s ,  the 
radon concentration was about 11,000 pCi/l,  the flow rates were 
16, 32 and 64 l/min,  and the t e s t  humidity was about 11 mg/I. 
The same Scott-Acme canister was used for a l l  t e s t s  w i t h  desorp- 
t i o n  of the canister between each t e s t .  A series  o f  t e s t s  a t  
the three flow rates was done a t  2OoC, next a t  25'C, and then 
repeated a t  20°C,  to  confirm that the desorption was adequate, 
and the t e s t s  reproducible. 
accurate because of  r e l a t i v e l y  poor temperature control.  However, 
a definite  temperature e f f e c t  was found as shown i n  Figure 8 .  
The results  of these t e s t s  i n  terms o f  the fraction of radon 
adsorbed, and the t o t a l  radon adsorbed i n  a 60 minute t e s t  are 
given i n  Table 3 .  The results  are corrected for small variations 
i n  water content of the carbon, which averaged about 2 8  grams. 
The ratios of radon adsorbed a t  2OoC compared t o  2SoC, averaging 
the two t e s t s  a t  about 20GC, were 1.13 a t  16 l / m i n ,  1 . 1 4  a t  32 
l / m i n  , and 1 . 2 1  a t  64 I/min. 

The t e s t s  were not considered very 0 

The temperature e f f e c t  found can be compared, t o  a limited 
extent, w i t h  that predicted by the Fusamura et a. ( 
According t o  t h i s  equation, the "saturated radon adsorption" value, 
As,  over the temperature range 275'K to  305'K, and for one type 
o f  activated carbon, may be expressed as 

) equation. 

12.7 
cs ~ 

288  
' A s  = 6000 (T) 

where C s  i s  the radon concentration i n  uCi/cm3 and T i s  the 
absolute temperature, Writing t h i s  equation for 2OoC (293'K) and 
25'C (298'K) and dividing one by the other gives  0 
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= 1 . 2 4  12.7 A L .  I 

= (1.017) As ( 2 0  C) 
A 8  (25 C) 

Hence, the equation predicts 24% more radon adsorbed a t  20°c than 
a t  25OC. 
averaging 16%. However, the present r e s u l t s  are for unsaturated 
carbon, as the t e s t s  were stopped while the carbon was s t i l l  
adsorbing radon. Also, the type of  carbon and water content of  
the carbon were different  than used by FUSamUa 

The experimental results  show a somewhat smaller e f f e c t ,  

a. ( ' ' ) . 
E f f e c t  o f  Carbon Type 

The Scott-Acme type 184 canisters tested had three different  
l o t  numbers, 1 3 8 1 ,  1711, and 1478, and were f i l l e d  w i t h  three 
different  types of  carbon. According t c  Scott-Acme, the canisters 
i n  lot  1 3 8 1  contained type 3 3 7  carbon, manufactured by Witco 
Chemical Company. This carbon had a surface area o f  about 1300 
square meters per gram. The caz5on of l o t  1711 was stated to be 
type-WV-H, manufactured by West aco C. -rp. and had a surface area 
of about 1000 square meters per gram. No information was available- 
on the carbon o f  l o t  1478 (OVWC c a n i s t e r s ) .  A 

i n  Table 4. The table  shows that the 184-0V ( l o t  1711) canisters 
had very nearly the same adsorptive capacity as the impregnated 
OVWC type. The 184-0V ( l o t  1 3 8 1 )  c a n i s t e r -  however, were 
d e f i n i t e l y  superior both to che 1 8 4 - + , V  (10.- 1711) and the OVWC 
canisters.  It  appears that high carbon surface area i s  very 
G :irak.l.e, and that ASC impregnation probably has a deleterious 
erFect on radon adsorption. 

Canister Regeneration 

It  was found early  i n  the work that canisters used for radon 

Consequently it was possible t o  make repeated t e s t s  using 
adsorption could e a s i l y  be regenerated by passing a i r  through 
them. 
the same canister,  w i t h  regeneration between t e s t s .  A l l  o f  the 
transmission curves obtained i n  Figure 5 ,  for example, were 
obtained using the same Zcott-Acme type 184-0V canister,  which 
was regenerated between '--5ts by iassing a i r  a t  abe.rt 1 . 4  mgii  
humidity through i t  for ?..EO t o  three hours a t  7 0  L/min. The 
t e s t s  were run within the span of  a few days i n  the following 
sequence: 32 L/min,  64 l/min, 16 L/min, 32 e/min, 64 L/min, and 
f i n a l l y  1 6  A/min. Inspection of the results  showed that there 
was l i t t l e  or no difference between the f i r s t  and second t e s t s  

000192 
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a t  the same flow rate,  which proved that the regeneration waa 
adequate. The r e s u l t s  shown i n  Figures 6 and 7 ,  obtained w i t h  
higher canister water content and t e s t  humidity, confirmed that 
two t o  three hours regeneration a t  7 0  l/min was adequate. I n  
the l a t t e r  two cases the humidity of  the air used for regeneration 
was about 11 and 1 4  mg/l, respectively;  hence it appears t h a t  the 
humidity used for regeneration i s  not c r i t i c a l .  It  was a l s o  found 
t h a t  much less regeneration a i r  was needed if the canister was 
heated, e . g . ,  t o  1 0 0 ° C .  

0 

Regeneration t e s t s  were also done using a ML1 canister.  The 
data are shown i n  Figure 1 3  and the desorbing conditions are given 
i n  Table 5 .  I n  contrast t o  the results  obtained with the un- 
impregnated carbon i n  the Scott-Acme type 184-0V canisters,  there 
was a s l i g h t  drop o f f  i n  radon adsorption e f f i c i e n c y  w i t h  repeated 
t e s t s .  The reason for t h i s  i s  not known, but may be related t o  
the presence o f  ASC impregnated carbon i n  the Mll canister.  On 
one of  the t e s t s  l i s t e d  i n  Table 5 ,  the canister was merelystored 
for 18_dap, 4.7  radon -- -- hale-lives, w i t h o u t  Bass-age-of a i r  through 
th%- canister. Decay of  radon was s u f f i c i e n t  t o  regenerate the 
c a i  i Ft%i i 

-_ - -- - 
2-- --- . _ _  -- - ---- 

PROTECTION AFFORDED BY CANISTERS I N  MINES 

This work has shown that activated carbon canisters w i l l  
remove radon e f f i c i e n t l y  even a t  room temperatures. However, 
the radon removed i s  concentrated i n  the canister carried near 
the wearer's body, which could cause an external radiation hazard. 
For example, i f  a canister were used for one hour a t  a breathing 
rate of 1 6  L/min and a radon concentration of 50,000 pCi/l ,  and 
e s s e n t i a l l y  a l l  radon was removed, about 50 WCi o f  radon would 
accumulate i n  the canister,  plus the daughter products removed by 
t h e  particulate f i l t e r .  

I f  we assume t h a t  the average loading over the one hour period 
i s  2 5  WCi of radon i n  equilibrium w i t h  i t s  daughters, and t h a t  the 
radiation from the counter i s  equivalent t o  that from a point 
source a t  the canister h a l f  thickness, 3 cm, it  may be c a l c u l a t e d ( 1 a )  
that the radiation intensity  a t  the canister surface would average 
about 2 5  mr/hr over the one hour period. Hence it may be desi'rable 
t o  position the canister away from the body, or replace it  when 
its radiation l e v e l  i s  judged excessive. It  appears that  the 
external radiation problem, i f  s i g n i f i c a n t ,  may be handled by 
simple precautions. a 

000193 
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A l l  o f  the radon adsorption t e s t  results  herein were obtained 
at about 2 0  to 2SoC,  under various humidity conditions. 
d i f f i c u l t  t o  estimate accurately the useful l i f e  of a canister a t  
mine conditions, where the temperature would be considerably 
lower than 20' o r  25'C, b u t  where a i r  r e l a t i v e  humidities might 
approach 100%. Also, the l i f e  o f  the canister would depend on 
the i n i t i a l  water content of  the canister,  the type o f  carbon 
used i n  the canister and the breathing rate of the wearer. Never- 
theless,  l e t  us assume that the mine temperature i s  1 0 ° C  and make 
the pessimistic assumption that the rc Itiar.3 humidity i s  10076, 
corresponding t o  about 9 m g / I  humidity a t  . l °C ,  Figure 12 shows 
t h a t  a Scott-Acme 184-W canister,  w i t h  a water content 2 to 3 
grams, which corresponds to  equilibration a t  9 mg/t, would adsorb 
about 95% of  the input radon i f  used for an hour a t  25'C and a 
breathing minute volume of 1 6  L/min. A t  1 0 ° C ,  the canister would 
adsorb more water than a t  25OC. 
an hour a t  1 6  g/min, 9 m g / A  humidity, the m a x i m u m  water adsorption 
possible would be ( 1 6 )  (60) (9)/1000 = 8.6 g r a m .  Referring t o  
r'igure 12, it seems that t h i s  water content wesld ncrt greatly  
a f f e c t  the fraction of radon adsorbed, and, i n  view of the tem- 
perature e f f e c t  found, Figure 8,  it  seems v i r t u a l l y  certain that 
the protection afforded by canisters a t  mine conditions would be 
higher than that  provided a t  25'C. 

It i s  

I f  a dry canister  were used for 

CONCLUSIONS 

Results o f  t h i s  work show that i t  i s  f e a s i b l e  t o  provide 
protection against radon by use o f  gas mask canisters containing 
activated carbon. The protection provided i s  independent of 
radon concentration, increases with decreasing temperature, and 
decreases w i t h  increasing flow rate  and humidity or canister water 
content. 

I n i t i a l l y  dry M11 canisters which contain about 2 7 0  m l  of 
ASC impregnated carbon and a high e f f i c i e n c y  particulate  f i l t e r  , 
provide almost complete protection against radm a t  room temper- 
ature for about 5 t o  1 5  minutes a t  a flow rate  of 1 6  L/min, 
depending on t e s t  humidity. The larger Scott-Acme canisters,  
which contain 900 m l  o f  carbon but nc 2igh e f f i c i e n c y  f i l t e r ,  
provide considerably higher protectic  against radon. Scott-  
Acme type P84-OV canisters,  when f i l l e d  w i t h  unimpregnated d r y  
carbon having a surface area o f  1300 m'/g, were found t o  remove 
about 99% of influent radon for a one-hour period a t  a flow rate  
of  1 6  l/min, a humidity of 9 mg/t and a temperature o f  25OC. 
Protection would be e x p e c t d  t o  be -igher a t  the lower temperature 
e x i s t i n g  i n  uranium mines. 

- 10 - 000194 
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The use o f  activated carbon t o  provide radon protection appears 

t o  offer  an advantage of  a t  l e a s t  a factor of 10 over self-contained 
supplied air  respirators,  w i t h  respect t o  the weight o f  the equip- 
ment. Another advantage i s  t h a t  the canisters may be regenerated 
by simply passing a i r  through them overnight. Gas mask canisters 
containing both activated carbon and a high e f f i c i e n c y  f i l t e r  are 
recommended for protection against radon and daughters i n  uranium 
mines. 
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e TABLE 1 

EFFECT OF RADON CONCENTRATION ON LIFE OF M11 CANISTERS* 

Radon C a n i s t e r  L i f e  (min) 
C o n c e n t r a t i o n  T e m p e r a t u r e  H u m i d i t y  T r a n s m i s s  ion 30% 50% 2% 10% ( P C i / i )  (OC) ( m q / l )  

1,640 
37,250 

1,650 
3 9,100 

1,590 
37,050 

24 
23 

23 
23 

23 
23 

13 17 22 27 
13 18 23 27 

0.2 
0.2 

5.0 
5.3 

9 13 17 22 
10 13 17 21 

18.0 
17.0 

4 7 10 12 
5 a 11 13 

*Flow r a t e  was 16 l/min. 
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TABLE 2 

EFFECT OF FLOW RATE 

Relative  l i f e  t o  10% 
t r ansmies ion 

8 l/min 1 6  L/min 3 2  L/min 
'l/min 32m 64 l/min 

C an i s t er 
Type Moisture Conditions 

Scott-Acme 

Scott -Acme 

Scott-Acme 

M11 

Mll 

"Zero" water content 
(Fig.  5) 

Medium water content 
(Fig.  6) 

High water content 
(Fig.  7 )  

Fresh dry canister,  
tested a t  0.2 mg/L 
humidity (Figs.  2 
and 3 )  

Fresh dry canister,  
tested a t  9.4 m g / L  
humidity (Figs.  2 
and 3 )  

2 . 3  

2.2 

2 . 3  

2 . 9  

2.7 

2.5  

2.5  

2 . 5  
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TABLE 3 

EFFECT OF TEMPERATURE ON EFFICIENCY OF SCOTT-ACME CANISTERS 

F l o w  Water Fraction Radon Radon 

(xi) Test Temp. Rate Content - Adsorbed Adsorption 
No. (c  C )  ( i / m i n )  (grams) Observed Corrected* 

20 16 25.6 0.928 0.911 9.62 x 10' 74 

21 16 25.9 0.897 0.882 8.47 x lo' 79 

25 16 27.7 0.835 0.833 8.00 x 10' 77 

19 32 23.0 0.653 0.618 13.05 x lo' 73 
80 
76 

75 20 64 28.8 0.412 0.414 17.49 x 10' 

26 64 27.2 0.323 0.321 13.56 x 10' 78 

21 32 29.5 0.555 0.566 11.95 x 10' 
25 32 29.8 0.508 0.521 11.00 x 10' 

81 20 64 33.8 0.354 0.365 15"42 x 10' 

-. I 

Time of t e s t ,  60 micites. 

Radon concentration, 3bout 11,000 pCi/I. 

Test humidity, about LO mg/I. 

* A l l  r e s u l t s  corrected t o  a water content of 28 grams per 
canister.  
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TABLE 4 

COMPARISON OF SCOTT-ACME TYPE 184 CANISTERS 

Water Test L i f e  t o  2% Fraction Radon 
Canister Content Humidity Transmission Adsorbed 

Type Lot (grams) (mq/ 1 )  (min)  1 hour 2 hours 

184 -OV 
184 -0V 
184-0V 

1844V 
184 -OV 
184-0VWC 
184 -0VWC 

184-OV 

1381 
1381 
1711 
1711 
1711 
1711 
1478 
147 8 

50 
53 
38 
37 
35 
32 
36 
37 

0.99 
0.99 
0.97 
0.97 
0.96 
0.95 
0.96 
0.96 

0.86 
0.86 

- 
0.73 
0.70 

Flow rate 16 L/min, temperature 25 f l0C i n  a l l  t e s t s .  

Radon concentration 38,000 pCi/L for t e s t s  of 184-0V (Lot 
1381) and 184-0VWC canisters and 11,000 p C i / l  for t e s t s  of 
1844V (Lot 1711) canisters.  0 
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TABLE 5 

DESORBING CONDITIOKS FOR REPEATED RADON TESTS 
OK A M11 CANISTER 

- - - Before T e s t  Nc. -- Can1 st er  Treatment 

1 Nme ( f r e s h  c a n i s t e r )  

235 

3,4,6,8,9,11 

5 ?Airs at 1 . 5  m g / i  humidi ty ,  2 0  e/min 

16 hrs a t  1 . 5  m g / i  humidi ty ,  20 L/min 

16 h r s  a t  <0.1 mg/L humid i ty ,  20 i/min 7,lO 

12 No r e g e n e r a t l o n , s t o r e d  18 days  

13,14 16 hrs a t  4 . 5  m g / L  humidi ty ,  20  l/min 
-i' ------ 

e 

- 1 8 - .  
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. r  0 Figure 1. Radon carIister t e s t  apparatus. 000203 
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TIME, MINUTES 

Figure 2. 
pCi/L radon, 
various test humidities. 

Test of initially d r y  Mll canisters at 1600 
Flow rate 8 L/min, temperature 22OC, 
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0.8 

0.7 

0.6 0 

5975 

0.3 

0.2 

0. I 

0 
0 IO 20 30 4 0  50 60 

TIME MINUTES 

Figure 3. Tests of initially dry M l l  canisters at 1600 
pCi/e radon. Flow rate 16 L/min, temperature 22OC, 
various test humidities. 
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Figure 4. 
pCi/L radon. 
various test humii'ties. 

Test of initially dry Mll canisters at 38,000 
Flow rate 16 l/min, temperature 22'C, 
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Figure 5. 
a t  11,000 pCi/I radon. 
1 .4  mg/i humidity, temperature 25'C. 

Test of a Scott-Acme 1 8 4 4 V  (lot 1711) canister 
Equilibrated and tested at about 
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TIME, MINUTEA 

Figure 6. Tests of a Scott-Acme 1844V (lot 1711) canister 
at 11,000 pCi/& radon, intermediate water content (about 28 
grams). Equilibrated and tested at about 11 m g / i  humidit 

temperature 25OC. 0oozt;’s - 2 4  - 



.5:9 7 5 
1.0 

0.9 

0.8 

0.7 

0.6 
z 
0 
v) 
v) 

v) z 

I- 

- 
- 
2 0*5 

a a 
0.4 

O .? 

0.2 

0.1 

C 

TIME, MINUTES 

Figure 7 .  Tests o f  a Scott-Acme 184-0V ( l o t  1711) canister 
a t  11,000 pCi/I radon, high water content (about 57 grams). 
Equilibrated and tested at  about 14 mg/L humidity, tempera- 
ture 25'~. 000209 - -  . I  - 2 5  - 



0.9 

TIME, MINUTES 
Figure 8 .  
pCi/L radon, a t  temperatures of  20°C and 25OC. 
tested a t  about 11 mg/i humidity, water content :- * u t  28 grams. 
Flow rates 64 L/min ( A ) ;  3 2  L/min (B): and 1 6  t/Eix ( C ) .  

Tests o f  a Scott-Acme 184-OV ( l o t  1 7 1 1 )  canister a t  11,0 
Equilibrated and 
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TIME MINUTES 
Figure 9. 
dry M11 canisters, at 38,000 pCi/i radon, two test 
humidities. Flow rate 16 L/min, temperature 22'C. 000211 

Effect of CO, on radon transmission by initially 
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Figure 10. 
radon absorbed by M11 canisters. 
16 L/min, radon concentration 38,000 pCi/I. 

Effect  of carbon water content on fraction of input 
30 minute t e s t  time, flow rate 
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Figure 11. E f f e c t  of  water content on transmission curves of  
Scott-Acme 1844V ( l o t  1 7 1 1 )  canieters.  Radon concentration 
11,000 si/&, temperature 25OC. 
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Figure 1 2 .  Frac t ion  of input  radon adsorbed i n  a 60 minute 
tes t  t i m e  for Scott-Acme ( l o t  1711)  c a n i s t e r s .  
c e n t r a t i o n  11,000 pCi/I, temperature 25OC. 
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1 3 .  Repeated'radon t e a t 8  on a M11 caniatert  f rac t ion  
Of radon adaorbed i n  15 and 30 minute t e a t  timer. F l o w  r a t e  
16 !+inJ humidity 9 -/I, radon concentration 38,000 p c i / & J  

i-1 %emperature 23' C 

000215 - 31 - 



-PENDIX - Reference Material on Foam Selection 



13030 Watertowcr Circle 
M i ~ ~ a p o l i t i ,  MN 55441 
(012) 569-3260 , 
(800) 328-3342 

The following are  excerpts from a question and answer session between Denn 
a Nigeria, Africa customer, and their  consulting engineer. 

This meeting took place in May 1977, which eventually resulted i n  the foam 
13 barges i n  Nigeria t h a t  f a l l .  

s Holhert, 

ng o f  

The meeting was opened by agreeing t h a t  f o a m i n q  o f  the African company barges i s  
necessary and time i s  of the essence. 

They said t h a t  ultimately 13 80 x 30 barges w i l l  be complt?tcly foamed a n d  4 1  o f  the 
balance of 47  would o n l y  havc the rake sections foamed pur\ulint to 'in cnljinwririq 
survey conducted by t h e m .  They noted t h a t  i t  may be ncrcessdry la te r  t o  con\icicr 
completely foaming the ent i re  f l ee t .  They said that  for  the present, the African 
company will purchn:c.matcrial for 13 barges t.nqcther with tti6 riccmsary ccliripii-nt. 

M r .  Holbert noted t h a t  rakes frequently are thc! mo5t leaky scction o f  a bdrqr but 
30 year o l d  barges probably ilro fir11 of p i n h o l o :  a n d  thc ho1.tmii i s  p r n h a l , l y  \ o  
porous t h a t  daylight could be seen through the en t i re  bottom. 

0 
I n  response t o  questions, Mr. tioltwrt qdvc thc f o l  l o w i n q  d n ~ , w c r :  w i  t t i  t.h(> c o n s i l l  t . , in t . '5  
reactions noted. 

Q.  Will foam stdnd u p  t o  tropicdl conditicins? 

A .  I have no personal knowledqe o f  Nigerian condition.,, tmt t.tw fo,i i i i  o t . d r i d r ,  
up t o  Gulf Coast weather. Only acids are known to hrc,iI: down the fom.  

Consultant: It is  l ikely that i n  . - \ c ~ n l ( . v l  . . - - . - . h o l d * ,  . the fo,irn w i l l  ontluro t h f l  
Nigerian conditions f o r  years. 
will slowly deteriorate the surface. tiowcvpr, the c1o:cd ce l l  fodm 
structure i n h i b i t s  any  pcnctration a n d  1 think thv dlilciclc'r 1 5  una11 t o  
a properly formulated lsocyana te  polyurethane foam. Itowever, the foam. 
will nourish tropical molds i f  thcrc 15  rxl'o!;ure d n d  t.ht3 iii,it.crial i s  not 
i nhi b i  ted. 

Constdrit cx.posurc to t w d t  ,ind h w n i d i  t y  

Q.  Will foam he (ipplicd i n  l<iycrs? 



Page - 2 

Q. What about exothermic heat? 

A. Th is  i s  c o n t r o l l e d  by t h e , f o n n u l a t i o n  of the foam anti b y  the pour ing  i n  
layers .  
reac t i on .  The hazard o f  crc;I t i n q  hca t. qcneratcd voidr, h y  CxceSs exothcrrn 
i s  known. 

A temperature o f  130F w i l l  p rotmhly  be the h iqhcs t  a t t a i n e d  dur ing  

Consul tant :  This i s  the prcsttnt s t a t e  o f  thc! lirt and is c r i t i r e l y  a mat te r  o f  
the  f o m u l d t i o n  which Flr. I i o l b c r t  d i d  no t  d i s c l m e .  

Q. 

A. The cream time i s  3 minutes. 

What i s  the t ime f o r  the foam t o  r iw  J f t e r  heinq m i x r i d  clnd poured? 

0. What about f i r e  res is tance? 

A .  The foam w i  1 1  hdve thc f i r ?  rctarciancc of  M l l . - S r r ( ~ - ~ l - ~ l i ) ~ r ~ f ~  (AC,TM l3-1~,0?).  
Thi  s i s accomp 1 i shed by i ricorporii t i rig l a 4  pi-rcivi t 0 1  I yr.0 I - 0 .  W t i  i I c b  Lhc t 'oCi i11 

w i l l  n o t  he i q n i t e d  by tossed match, i t  cdn be i g n i t c d  hy a c u t t i n g  to rch .  
The foam w i l l  pass the "hot  nu t "  (F in iu la t ing  wclldinq \ I ) c i r k s )  t c s t .  

Consul tant :  I t  .should he rccoqnizcrt th l i t  ~)olyiirct.tianc fo,iiii w i  1 1  burn i f  
i g n i  t cd  b,y a : u f f i c i P n t  iqri i1.ion sn i i rcv .  I lnwcvw. l . t i i b  t irc:iint~.t,,iiic:c*s o f  
norma I usc do r i o l  I ) rcwri  1. IIIW t i  tici/,ird. W l i c b r i  l~ t),irilt* i 1,  Io I I I -  w c ~ l t l ( v l  or 
cut ,  spec ia l  precaut ions should tic tcik(!n t o  avoid twr i i i r iq  tho foam. Thc 
fumes from combustion are  q u i t e  t o x i c  and we have had more than enough sad 
h i s t o r y  w i t h  the N ige r ian  c r e w .  A casual  approach clin lead t o  traqedy. 
M r .  ) tn lhr r t  prrnnic,ccl l o  f i i rn i * .h  ,I ' . , i f i * ty  ni.inir,il , I # ,  wc.1 1 , I # ,  liii nlicr,it irii1 
manual. I would like t o  rcv icw the i i iciriulils. 

Q. What prefoam cleanup procedure do ,you rccommend? 

Consul tant :  Wherever thc sur face i s  d m ( i  o r  wt3t thv  f o m  w i  1 1  tw r , ~ i t ) ( , t . , ~ i ~ [ I ~ ~ r ( l .  
I f  there  i s  stcddy i n f l i r x  o f  w a t r r  the ho lc  should lw p l i iqqrd  irn1c:r. thc 
foam. hy i t c c l f ,  w i l l  p l i i q  the ho le .  A r i i iw tvrq(> <t io i r Id  l w  lii-rpirivl < , t i  t t i , i l  
the l o m  w i  1 1  . i t l t l t - r i -  ti) the- *,t.tv-l ,IIIII ~ ~ t . i l t . t ~ l : l  I L f t ' t 1 t : t  f 1 t i . 1 1 1  I .  t . 1 1 9 ,  I. I 1 1 1 1  f I ' I I I I I  

the i n s i d e  hcsidcs strcnqt.hcninq the z t r i i c t u r c .  Thc 30 .year  o ld  hirqoi ;  wi 1 1  
s u f f e r  more hami than de r i ve  good froni r u q t  removal. 1iowclvt.r. p inhnlcs w i l  1 
be plugged hy the foaming proccqz and i t .  ztiould not. tw s u r p r i \ i n ?  t o  r.cc i t  
cxudittc from the o r i f i c r s .  Ttic foaia w i l l  f i n t l  all ol)cri ir iqz. 
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Consultant (continued) The Freon 12 boi ls  a t  -21.6 F .  and will cause thc blrhblcs 

to form d u r i n g  the creaming. 
this material. 
weighing them, and calculating the density to rey)ulat.r! the Freon contcnt. 

Special care will be necessary i n  h a n d l i n r ~  
A ski l led technician is  required for  the taking of sample5, 

Q.  

A .  

Consultant: 

What are the r c q u i r m n t s  for  compressed a i r  for  t h i s  process? 

150 CFM a t  80 p s i g .  

This will require a sturdy a i r  comprcssor w i t h  I1dcqucite c -ap l l c i tv .  
A spare i s  indicated f o r  t h i s  essential  part .  of the :y\tcm. 

Q .  What i s  the procedure f o r  uncompartmented barges a %  i n  those barqc5 whcrc 
the superstructure i s  unreliable. 

Transcrtpt not readable  a t  t h i s  p o i n t .  A .  

Q. How do you measure the amount of material per f i l l ?  

A .  By eyeball and a watch. 

More operator sk i l l  i s  involved. 

. There are five connections on your mixinq valve. One is for  5olvcnt. What - 

are we t a l k i n g  nhout? 

A .  Cellusolve solvent (Methyl ethyl ketone o r  xylol w i l l  a lso w o r k ) .  This i s  
to  clean the mixer gun when operations arc  temporarily halted, otherwi-,p 
the mixcr w i l l  p l i i q .  T h i r .  w i l l  < t o p  q)cr,it.inns. 

Consu 1 t a n  t : T h i s  is another material that m u s t  be provirlcvl i n  Niqrrid. C,in 
Mr. Holbert mean Cellosolve, a well known p a i n t  and  l'icquer thinner? W r ,  
however, talked about a petroleuni fraction. 

Q.  How much  l a b o r  i s  involved? 

A .  We would supply a skil led technician foanicr; unskilletl t w l p  w i  
t o  be available locally.  O u r  proposal w i l l  cover thi5 [mint .  

Consultant: Thcrc i s  a cons idcrablc airioirri t of iiiri tc?r i ,I 1 t 1 , i r i r l  1 i t i ( )  r l v o  1 v t v l  . 
100 drums of foam chemicals must be opmrd a n d  uscd pcr barqe. 
ra te  of 150 l b s .  per niinute means t h a t  a h o u t <  20 druiii\ per hour w i l l  tw 
handled, opened, emptied. and dispocrri o f .  Thr! l o q i s t  ics shnuld tw cllrrFtil l y  
examined t o  be .sure that the planned procedurc! i s  f c d s i b l c .  I'C)rsorinfBl - - - . - - - . 

%proprrly . _. . . (1 irposcct . . . .  of .  
scr,l ous t i t i  rtird. 

The propo-,cd 

rotection m u s t  he careful ly  provitlcd f o r .  The U C , ( V ~  rlrlriii< . . . . . . .  r , t u i u l ~ I  ~. tlr c , i r r>f i i l  . .  ly . . -_ ---- - -- - ._------ - - - -. - - . - - - . . 
1 11 thc h i n d \  ot d n  unso1,ti i., t. icli tc- ttwrv i \ c~ n > , i  1 

-I_ - 
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P a g e  - 4 

Q. What a h o u t  s t r e n q t h e n i n g  t h e  b a r g e  by f o a m i n g ?  

A .  A l t h o u g h  t h e  c o m p r e s s i v e  s t r e n g t h  of the foam i s  a b o u t  20 p s i ,  no 
a s s u r a n c e  c a n  b e  g i v e n  of s t r e n g t h e n i n g .  

Con5ul  t a n t :  T h i q  i s  true e x r - - ?  i n  t h e  c a w  of a new b a r g c  where the foam 
a d h e r e s  s t r o n g l y  to t h q  m:. . . In  t h i <  c a T c  ~ u h $ t . o n t i d l  ' 7 , t r c n q t h  o c c u r r ,  

Q. Why s h o u l d  n o t  ~ l l  new b a r g c s  bc foamed? 

A .  

Consu 

They s h o u l d  b c ,  b u t  t h e  i n i t i t i l l  cnTt. i r ;  

t a n t :  It  takes a w h i l e  for a t e c h n o  
a d v a n c e  h a s  about 10 y c a r s  t o  go h e f o r r ,  
a n  A f r i c a n  company o p p o r t u n i t y .  

a d:- t c r r c n t .  

oqy a d v a n c e  t o  t d k c  ho 
i t twcorncs comnonpl  acc! 

d .  T h i s  
7 + i s  i c  

I w i l l  n o t  c o m n e n t  o n  t h e  d i s c u  ,n of  r ? ; P r i a l  costs,  m a c h i n e  : as t s l  . h i p p i n g  
e x c e p t  t o  say t h a t  Mr. H o l b e r t  s m n s  t o  be q u i t e  c o m p e t i t i v e  based on iny d i s c u r : i o w  
w i t h  two o t h e r  foamers of b a r g e \ .  

In g e n e r a l ,  1 h a v c ' t h e  d i s t i n c t  i m p r c r 5 i o n  t.h,tt Mr. ilollwr!. titi*. m i l  worl(1 t * y i v - t . i f * r l t  1 % .  

h a s  met a n d  o v e r c o m e  most of the p r o b l e m s  t h a t  h a w  a r i c c l n  i n  thc! U . S . ,  arid h o c ,  
c a n - d o  s p i r i t .  

0 
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mAM 
13630 Watertower Circle 
Minneapolis. MN 55441 
(612) 559-3266 
(800) 328-3342 

ENTERPMSES 

TecRJIcAL DAllA SIEPIT RR Re 7053 1703 Crosspoint 
Houston, Texaa 77054 
(713) 796-9743 

FE.7053 
FE 7053 is designed for below ground application as a secondary container 
barrier for fuel spills. This barrier is intended as a tarporary contairnnent 
after a fuel spill. 

is a polyurethane elast-r system formulated for spray application. 

'he graund 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. 

APPLICATIaJ: 

WI-: Graco (Viscount 11) variable ratio Hydra-Cat and Foam-Cat heater 
with a 35:l Senator (954-5171 resin pump and a #2 Cylinder (207-862) isocyanate 
pump. A Binks 43P spray qun mdified with a dynanic shear mixer before the 
0.029 spray tip is recam-ended. 

Pmping$ressures of 1700-2500 psi with a preheat and hose tenperatwe ranqe or 
115-125 F. are recmnded. A calibrated weight ratio of 100 B caTponent to 56 
A caqmnent is required. 0 PHYSICAL PROPERTIES 

PRoPwry I TEST I RESULTS 
Density, pcf I Imnersion 40 - 50 
Tensile, psi I AslM 0-412 I 200 - 400 
Tear Strength, PLI I ASIM D-1004 1 65 - 85 
MVT, Perm I ASM E-398 I 0.75 - 0.95 
Hardness I Shore A I 48 - 60 
Scaling Resistance, 80 Cyles I ASM C-672-7f) I 
Abrasion Resistance I ASIM D-4060 I 

Elongation, % I ASIM D-412 I 100 - 210 

"O", No Scaling 

Wear Index I I 0.20 - 0.26 
I 0.20 - 0.26 
I 135 - 145 Weight Loss (2) I 

War Cycles/rYzll I 
Strips of FE 7053 were imnersed in water and thirty wight oil (separately) for 
six months. The strips *re evaluated as follaws: 

PROPERTY I TEST I RESULTS 
lknsile, psi I ASIM D-412 200 - 400 
Elongation, % I ASlV D-412 I 100 - 210 
Weight Change, % I #16 I 
Oi 1 I I +7 to +9 

Util,ized an H-18 abrasion wheel, 100 gm. weight and 1000 rpn. 

Water I I +15 to +30 

(1) 
( 2 )  

000221 
& 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 b y  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 o r  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 Eire hazard unless the foam is protected by 
a n  approved, fire-resistive thermal barrier which has a finish-rating oE 
not less than 15 minutes. 

The information herein is to assist customers in determining whether our 
products are suitable for their applications. u u r  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 o r  
implied, including any warranty of mercantability o r  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 o u r  
materials and in no event shall we be liable f o r  special, incidental o r  
consequential damages. 

000222 
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w- 3.. -- 'woCIT O'' TESTS OF POLYURETHANE FOAH 

5 9 7 5  
FOAM ENTERPRJSES, IN( 
13630 WATERTOWER CIRCLE 

MINNEAPOLIS, MN 55441 
(612) 559-3266 (800) 328-334 

PROJECT: MTERIAL EQUIPMENT AND DATE: June 3, 1977 
tURWI8HCD BY: RLCORTLD TO: - PROCEDURE EVALUATION 

Foam Enterprises, Inc. 

P l y m o u t h ,  Minnesota 55441 
13630 Wafertower Circle COCtE8 TO: 

-. ... - - .  - .. - - - . - - . -  -- - D . e n d ~ H o l  b e r t  
President 

7-7280 

/ u M r  

UBORATORY No. 

INTRODUCTION : 

This  report presents the results of a serles of t e s t s  conducted on Class I polyurethane 
foam, ngmtnal  denslty (open mold) 2.0 pounds per cubic foot  The t e s t s  uere performed 
b t  the request of Mr. Dennlt Holbert, President, Foam Enterprises , to sat l s fy  hls a n -  
t r a c t  w i t h  Harlnette Marlne Corp, Marlnette, Wlsconsln, to mvlde foam I n  place f lo tat ion 

(MMC Drawlng 1240-001-191 . Thls materia1 i s  t o  =et  
Mll-P-291298 Is the Mllltary Specltication, 

P 
Class I. 

Foam-In-Place, Rigid, 2 and 4 P ounds Per Cubic 

C,Ul'J?:.F: I OF TEST RESULTS: 

F rope r t? 

Gens i rj 

Cocp r e s rb i v e Strength 
(1. 102 a e f o r m a t i o n )  

d L r , i a i  r ; ~  A g i n g  
V o 1 ~ r . e  cndnge, Y, of original 
h ; r t s : i  ve Strenqth change, 

of c l r i g i n i l ,  ma.<. 

C c c j r e s s i v e  S e t .  X max. 

c u t  surface area,  nux. 
k a u r  C.csorption, 1 b . / f t  2 of 

Class I 
Requlrement 

2.0 2 . 0 . 5  p c f  

20 p s i  min. 

t10  
20 

3 .5  

0.12 

no softenlng 
or v i  s i  b l  e change 

non-burn ing  and 
no flamlng droplets 

Tested Value 

2.28 p c f  

26.2 psi 

-- 

+5.071 
Less than  1% 

2.02 

0.07 lh. ' / f t2 0 

No evidence of softenlng or 
degrada t 1 on 

0223 

visible 

A l l  spechens either self-extinguirne: 
o r  did not I g n i t e ,  therefore, m d t e r i i !  ,I i non-hclrki nn Tharn .  1 \  r - - . a  



21XTUkE: AH0 DISPENSING OF CHEMICALS: 

The chemicals used t o  produce the foam met the F.E.- )4Gu and 14628 rp6clfiutime 
F.E. -nGu covely the Isocyanate and MGZB covers the resin. 
yrw;i .r ion,  the cheralcals were used in o 1:l r a t i o  (hy v o l w ) *  

W r l n g  th8 forr 

Equi@zs;Ent used f o r  foaming was the F . E . -  GV60 r l r  powered PuaQing SyStm, 3thiCh t S  of 
L n w o  ors ign and mnufrcture.  It i s  equipped with twr, q u r l l y  sized pnrportionhg 
' i u i a  p l r tons  powered by a rec lpmcat lng  rlr mtor, A t  the dispensing hard, thr ~1 

gen-,, for the f ro th ing  and cooling o f  the reac t ing  chmlcrls. 
Ace rr4nifolded l n t o  a s t a t i c  mixer which introduces d r  for  d y m l c  mixing, a d  

h r i q  the foamlng o f  the mterlrl I n  the lrborrtsry, t m q w r t u r e  contra1 of the 
fled MG28 war aulntalned, 6s wel l  as the nethod o f  introducing thea lnto the pmportlonla~ 
PUWS. 
T u  c c r r t c t  anaunts o f  blowlng agents, whlch are necessary to q u a l l t y  and density, were 
rcnLfG]!ed by the operator. 

Trat basic chem'lcalr equipment and procedures, when r p p l l c d  together by foam technicians 
under f h t  guidance o f  Dennls H o l k r t ,  resu l ted  In  the fom meetlng the requirwnts o f  
M I L - P - 2 1 4 2 4 8  f o r  Class I m a t e r i a l .  

The compressed a lr  pressure was con t ro l l ed  t o  the pump and the mi r ing  herd. 

INTIAL T E 5 T  P R E P A R A T I O N :  

7w t t s t  molds were fabr icated f o r  preparation of two f ree- r i se  samples o f  the po1yurztmne 
foam. 
alumina plate ,  w i t h  bolted connectfons on a l l  corners and edges for ease o f  rernoval 
c f  the  sample block f r o m  the mold. 
density i n  the sample blcLks, the blocLs 'are foamed a t  60 F and 80 F,  which uere thd 
Umpetature extrener expected t o  be encountered on the job s l te .  

The aalds measured 13" r. 13w x 25" i ns ide  Qlnlenslons, and *re fabricaced frm +- 
A f t e r  two unsuccessfuloattemptsoto a t t a i n  t h e  corrz;: 

;he t10 aluntinbm molds were pre-condltlaned f o r  a mlnlmbia o f  4 hoursbon Hdrch 7 ,  
%fore trIk sample blocks were foamed. 

.mlds. 

then both the 60 F and the 80 F sdu\ple blockS 
m n e a  i r d  held  f o r  I minima o f  48 hours before the srm@\es blochs were removed frw 

. .  
- .  



INITIAL TEST PREPARATION: 

The post-cured densi t ies of the tuo block3 wre: 

W'F sample - 2.65 pcf. 

UOF sample 0 2.28 pcf. 

At t h i s  t in$, It was decfded betwgen Foam Enterprises & Marinette Marine Corp. to t e s t  
only the 80 F block, since the 60 F sample uas our o f  spec fo r  density. 

TESTS: - 
Color and Odor - 
The sample, block d14 con fon  to co lo r  and odor requirements. 

Density - 
A f t e r  removal f rom the mold, the 8OoF sample block was trlmned of  surface sk in  t o  d 
block s i r e  o f  11.75" x 11.75" x 22.75". The weight o f  t h i s  block was determined to 
be 4.154 l b , ,  giv ing a density o f  2.28 pounds per cublc foot .  

Homogeneity o f  Cured Foam - 
h e  sample block uas s l i ced  i n t o  t w e l v e  1" th ick  (nominhl) layers. The reminder  o f  
the block was s e t  aside for fu tu re  use, If necessary. A visual examination of  both 
fOceS O f  each.of the twelve layers comprising the t e s t  specimen revealed that  the cured 
foam was free o f  non-foamed, o r  s o f t  and tacky par t i c les .  The foam was coalposed of sndl 
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cel ls  of rpprox lmate ly  the stme s l r e .  B l o w  holes wem encountend during tha visur1  
examination, but none sitmt l a r g e r  than and not more than one occurred I n  m y  project6 
area of 6" x 6". J s o ,  .IO r w e  thdn 3 blow holes were present I n  rv 3 adjacent 1' t h i c  
1 ayers . 
Cmpressive Strength - I 

Tnree 4" x 4" specimens were tes ted  i n  accordance wlth procedure A of MTH 0-1621. The 
tests specimens were selected from laye rs  3, 9 and 12* 

!;vmoer 
Specimen 

ioad  
a t  lox - ~ F s r t ~ v c  

Area, In.  2 , Dens1 ty, p c f .  Deformation, l b .  Str;;,:h. p s l e  

3 16.32 2.24 450 
9 16.36 2.37 . 415 25.4 
12 16.44 2. 19 420 25.5 

Avcraqe - 26.2 p s i  

H u r i d ;  t y  Agi ns - 
S i r  specime.ns measuring 4"  x 4"  were subjected t o  humldl ty aging, t h ree  of which were 
tes ted  afterwards for change in1 compressive strength.' 

volume Ch'anqe 

Specimen Or ig ina l  Volume Change Volune Change 
h u T,b e r Volumq, I n .  A f t e r  1 day A f t e r  7 days 

3- 1 . 16.52 
€ -  1 16.61 
9- 1 18.00 

t 4 . 5 4 %  
t4.522 
+2.22x 

+s. 57% 
+4.52% 
+5.11X 

Average - +5.07X 

1.0 reversion was detected du r ing  the 7-day cond l t i on ing  per lod a t  140°F and 100% R.H. 

Compressive Strength Change 

Load a t  10% Area, In. 2 Coolprpss 1 ve 
Density, p c f .  Oeformatlon, I b .  Strength, p s i .  . 

16.81 
16.81 
17.22 

2.23 
2.21 
2.27 

4/55 
4 30 
4 I 35 

27.1 
25.6 000226 
2 5 . 3  
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Compression Set - 
Three specimens measuring 2.250" diameter uert subjected t o  a s t a t l c  lord of S psi 
a t  158 F for  24 hours. A f t e r  r 30 minute recovery period, the thlcknesrer wra 
remeasured. 

Or1 g l  na 1 
Thlckness, In. 

1.250 
1.150 
1.150 

Final  
Thlckness, in. 

1 . 230 
1. 120 
1.130 

Cowtoss Ion 
Set, X 

1.6 
2.6 
1.7 

Average - 2.0I 

Ua t e r  Absorption - 
U a t e r  absorption was determined i n  accordance wlth MTM 0-2127 except speclens yen 
m e r s e d  i n  d i s t l l l e d  water a t  4.35 p s l  for 48 hours. 

bh &rZa bsoprt l on 

SPecimen Cut Surf tce O r l g i n r l  F ina l  I b l f t  of cu t  Irucber 

3 0.33 
€ 0 .34  
5 0 .30  

Area,  f t  Welqht, g. Yelqht, q .  surface area - , 

9 .55  17.87 . 056 
10.60 20.82 ,067 
9.60 21.42 .076 

O i l  Resistance - 
Average - 0.066 l b / f t 2  

Four specimens measurlng 1.629" x 1'1 t h l c k  (nomlnal) were imnerred for 70 hours if io 

ASTI4 i 2  reference o i l  a t  70 F and 50% R.H. Four control  specimens were held  a t  70 F 
ana 50% R.H. f o r  cumparlson a f t e r  the test .  A f t e r  70 b u r s ,  the specimens cllere re- 
w e d  from the o i l ,  the excess o i l  was b l o t t e d  away, rnC the specirpeqs were exrrmined. 
bo evidence o f  softening o r  v i s i b l e  degradation was detected. 

F i r e  Resistance - 
F i r e  r2slstance of  the foam was tested both before and a f t e r  aging a t  140'F and 100 
R . H .  for  seven OOYS.  Specimen s i z e  was +" x 2" x 6*. Procedures ou t l ined  I n  AsTH 
ti-1692 were followed f o r  the test .  Applled f l a m  tim for,rll specimens Y I S  60 seconds 
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5 Pec I men Burn 
Number Tfme, sec. 
-.- 

Before tondl  t ion ing:  
1 130 
2 81 
3 
4 
5 

60 
60 
60 

A f t e r  condl t i  on I ng : 
1 72 
2 60 
3 65 
4 70 
5 80 

GiJ M 
Length, In. 

4.0 
1.5 
0.5 
0.5 
0.5 

1.5 
1.0 
2.0 
2 8  3 
2.3 

OAT& June 3, 1977 
'AGE: 

Burn 
Rate, In/sec. Renrarks - 

03 Sal f - e r t l ngu i  shed 
8 02 SCl @-ext i  ngu 1 shed 
801 Ole not i g n i t e  
* 01 Dld n o t  I g n i t e  
* 01 Old not i g n i t e  

8 02 S d  f - txt lngulshed 
8 02 Old n o t  lgnlte 
03 Sel f -ext lngui  s 

s o 3  Sel f -ext l  ngui shed 
03 Sel 

A l l  specimens e i t h e r  self-ext inguisk.?d or d i d  not I g n i t e  du r lng  the f i r e  res ls tance 
t e s t .  Therefore, the ma te r ia l  Is non-burning. Also, we observed w er ldenc t  o f  
f laming droplets  du r ing  the tes t .  

i ie hereby c e r t i f y  t h a t  t h l s  polyurethane foam when produced under the above conditions, 
nckt t h e  Speci f ied requlrements o f  Hl l -P -219298  for Class 1 mate r ia l .  

TUIN CITY TESTING A40 ENGINFERING 
LABORATORY, INC.  

Uard A Biandln, #.E.  

. .  

4.I 00228 
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d ENTEWMSES, LNC. 

13630 Watertower Circle 
Minneapolis. MN 55441 
(612) 559-3266 
(800) 328-3342 

MG2-B 

RIGID URETHANE BARGE FQAM 

INDUSTRIAL FLOTATION 

DESCRIPTION :. 

MG-2.0-13 is formulated for u5e in industrial (barge) flotation 
applications with large .froth/pOur" equipaent. 

The foam exhibits below normal exothermic heat generation during 
the "froth/pour" (using R-12) operation and has excellent flowing 
characteristics. 

PROCESSING CHEMICAL PROPERTIES I 

Test ASTM Test 'A" "B" 
Temp.*. Meth. Unit Component Componer: - - 

Viscosity 
Specific Gravity 
Ratio (Parts by Weight 
Cream T h e  (no R-12) 
Rise T h e  
Tack Free T h e  
Density (no R-12) 

77OF. D-1638 CPS 250-350 900-100 
77OF. D-1638 gr/cc 1 . 2 4  1.21 

1 )  50 50 
77'F . 25-30 seconds 

2 minutes, 5 0  seco 
3 minutes, 15 seco 

77oF. lb8/f t2 2.0 * 0.1 
FOAM PHYSICAL PROPERTIES: 

Nominal Density 77%. 

k-Factor (BTU/f t2-hr-%/inch) 
Compressive strength 77OF. 
Closed cell percent 

Dimensional Stability 
Water Absorption 7 4 0 F .  

4 Weeks 158OF. 
3 Weeks 158OF . 
2 Weeks 158*F. 
1 Week 158OF . 
4 weeks 

24 hour8 

Shelf-life 
, ! t .  * 

. ' .  

-30- . 
30% . 

D-1622 lbe/ft3 1.8 * 0.1 
(with R-12) 

n-177 0 . 1 5  aged 
D-1621 psi (10% deflection) 24.0 
D-1940 o/o 92 

D-2126 ( 0  volume change) 
D-2127 lba/ft2 0.1 

at 100% RH + 16 
at 100% RH + 16 

+ 14 at 100% RH 
at 1000 RH + 12 

-1.5 
Dry c o l d  no change 

6 months from manufacturing date 
000229 



"Ibis nuwrical flaw spread ra t inq  is not intendcd to reflect 
hazards presented by this or any ot!-*?r material under actudl fire 
cord1 t u n s .  

The information herein is to assist custamrs in determining 
whether OUT products are suitable for their applications. 
products arc intendcd for sale to industrial and c m r c i a l  
cust-aners. W e  request that cub,tacrs inspcct dnd tcsC our 
products bcforc use and satLsfy themselves as to contcnts ctnd 
suitability. 
specifications. 
warranty express or q l i c d ,  including any warranty of 
r n e r c a n u b i l i t y  or fitness, nor I S  p r o  crctim fran diky lctw ut- 

patent to be inferred. All patent ri hts are reserved. me 
exclusive remedy for all proven c l a m  LS replacent of OUT 

materials and in no event shall w abe liable for special, 
incidental or consequential damaqc~ .  

c)ur 
, 

We warrant that our products will m e t  o u  written 
Nothing herein shdll constitute any other 

4 
- - -_ - -- - - - --.. - - 

- -  - SPECIF\ RIGID URETHANE FOAM -- - - -- --- - -  - - - - _  - - ---- 

Two liquld components  plied Into a bc*Jyancy chdmlwr c ~ p d n d s  rnio a c l o d  cel l .  monolithic urethane 
foam conformlng lo the chdmber confqurdtlorl and ddherlny to every surtacd It cdn be dpplied whde the 
v C m l  8s tn the water-no necruity lor drydock. The lodm s e i s  Immedrrtely, t h .  vrsrol  can go inlo lmmodiaic 
W V I U .  

The urethmn. material wr11 wdl dll faulty y l d  warns, loose rlveis and holm ot loss thrn 1" d1ame1n.r (Patch 
1ug.r hok8. Even small ruptures N O  Wabd and tho common problem of taking on waim IS elimrnatd (01 

more porrlive lrim control 

F ori i iulaim Maris S~MI~ICJIIOII MIL - P - - 2  I9298 Aiiicndmrnl 1 



FOAiM ENTE R P ! ! S E S  
RESELURC..,  INC. 

1703 Crosspoint 
Houston, Texas 77054-3707 
713-796-9743 July 3 0 ,  1987 

I.T. Corp. 
312 Directors Drive 
Knoxville, TN 37922 
ATTN: Dr. David Harmer 

Dear Dr. Harmer: 

In reference to sealing the K-65 silo 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 is 300-800 psi. 

4 .  The remainder of the void would be "topped off" and 
filled with the FE FLEX-281WH 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 (le. 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: 

1. 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 applied at a thickness of one to 

000231 . .  two inches. 

0 



IT Corp. 
ATTN: Dr. Harmer 

- 2 -  

3. F .ra Flex 500 e :tomeric coating would then be 
applie s a thickness of 5-40 m 4 1 s .  

4. The composite would then be topped with the weather 
resistant Futura Flex 550 coating at a thickness of 10-15 
mils. 

David C. Dressel 
Technical Director 

DCD : 1 kg 

cc: D. Holbert 
C. Whj.?e 
J. Anahrsen 

000232 



ZWAMENTERMSES 
0 '  13630 Watertower Circle 

Minneapolis, MN 55441 
(612) 559-3266 
(800) 328-3342 

C H E M I C A L  SYSTEM,UPC 281 

1703 Crosspoint 
Houston, Texas 77054 
(713) 796-9743 

DESCRIPTION: I N l E G R A L  SKIN FLEXIBLE FOAM 
UPC-281 i s  a MDI based, two component chemical system. This medium low 
density,  open-celled foam has excel lent  and tough  integral  skin when cast  
in metal o r  p l a s t i c  molds. I t  exhibi ts  excel lent  energy absorption prop- 
e r t i e s  o v e r  a wide temperature range from O°F t o  15OOF.' T h i s  moderately 
firm foam i s  used t o  package very expensive objec ts ,  where f l e x i b l e  cush- 
ioning c h a r a c t e r i s t i c s  a r e  needed t o  dampen shock and resonant freguency 
encountered in most shipping. I t  i s  a l so  recommended for  molding arm or  
head r e s t s  f o r  use in furn i ture ,  a i r c r a f t  o r  automobiles. 

CHEMICAL PROPERTIES : ( @  7 7 O F )  

Viscosity, CPS 
A-Component: 100 

Specific Gravity 
A-Component: 1.23 

B-Component: 500-600 

B-Component: 1.10 

Reactivity Prof i le  
Cream time, sec. 15-18 
Rise time, sec. 30-35 
Tack f r e e ,  sec.  35-40 

Processing Temperature, O F  75-80 
80-90 
10 

Mixing Ratio (By Weight) A / B  

Mold Temperature, O F  
Demold Time, m i n .  

25/75 

PHYSICAL PROPERTIES: 
4 Core Density (Free Rise ) L B / F t  3 

Tensile Strength,  PSI . 15 
Tear S t r e n g t h ,  PLI  1 . 2  
Elongation, % 110-120 
Resi 1 iency , X b a l l  rebound 60-64, 
4" I L D ,  LBS/SO in2 (based on 4"  f ree  r i s e  foam) 

Air Flow 

25% Deflection 45 (core)  
65% Oeflection 98 (core)  

3.2 

. .  . . 
_, , -.. I 2 

000233 



MATERIAL HANDLING PRECAUTIONS: 
Component f l  contains reactive isocyanates: Avoid contact with skin, eyes, 
or clothing. Gear 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: 
of clean water for at least fifteen -- :es. Gr- immediate medical attent- 
ion. 

immediately with copious amounts 

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: 
Compc,-,ent 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 6OoF and 80°F in sealed containers. 

Component 6 should be stored between 60° - 80OF. When opening a container, 
partially unscrew the cap or vent the bung to relieve any pressure before 
opening fully. Reseal the contziner cis soon as the required amount of 
material is removed to prevent unnecessary loss of chemicals. 

SHELF LIFE: 
Six months in sealed, unopened containers. 

The infom2ion herein is to assist custmrs in determining 
whethe: our products are suitable for-'iheir applikations. 
products are intended for sale to industrial and. c m r c i a l  
customezs. We request that custcmers inspect and test our 
products before use and satisf;, therrwlves as to contents and 
suitability. 
specifications. 
warranty express or -lied, includinq any waryanty of 

0u;- 

We w a r r a n t  that ox prcxiucts will meet our written 
Nothing herein shall constitute any other 

, ;nerczntability or fitness, nor is protection f rcn  any law or 
' patent to be inferred. The 
exclusive re-nedy for all proven claims is replacent of OL- 
materials and in no event shall we a k  liable for special, 
incidental or consequential damages. 

A l l  patent rights &-e reseived. 

000234 
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FOAiM EiWERP RYSES 
RESEARCH, ZNC. 

1703 Crosspoint 
Houston, Texas 77054-3707 
713-796-9743 

TECHNICAL DATA SHEET 

FE 611-6.0 

The FE 611-6.0 rigid polyurethane foam system exhibits hydrophobic 
characteristics during and after foaming. 
designed for in-ground, structural applications. 

This product is 

LIQUID COMPONENT PROPERTIES 

PROPERTY 

Mix Ratio 

Specific Gravity 

viscosity, cps 

PROPERTY 

Cream Time, Sec. 

Gel Time, Sec. 

Rise Time. Sec. 

TEST FE 800 FE 611-6.0 - 
By Volume or Weight 1.0 1.0 

ASTM D-1638 1.23-1.25 1.15-1.20 

Brookf i e l d  RVF (75OF) 150-220 2700-2900 

PROCESSING CHARACTERISTICS 

HAND MIX 
A & B AT 7S°F 

34 - 4 4  

60 - 75 
7 5  - 95 

Tack Free time, Sec. 7 5  - 95 
Core Density, PCF 5.7 - 6.0 

000235 



*This numerical [Lame s p r e a d  rating is not intended to reflect hazards presented 
b y  this o r  nnv o t h e r  material i ~ n d e r  actual fit-e conditions. 

The information herein is to assist- cu~tomcrs in determining whether our products 
are suitable for their applications. Our products a r c  intended for sale t o  
industrial and commercial customers. Wc request that customers inspect and trst 
o u r  products b e f o r e  use a n d  satisfy themsclT2?s as to contents and suitability. Wc 
w a r r a r ; t  that c '  r products will meet our '4 itten speci€ications. Nothing herein 
shall constitucc, any other warranty express o r  implied, including any warranty of 
merchantability o r  fitness, n o r  is protection from a n y  law or patent to 'or. 
irifcrrcld. All patent rights  re r c s e r v c d .  The exclusive remedy  f o r  all proven 
claims i s  replaccmcnt of our m;itarials and in no event shall we be liable f o r  
special, incidcnral or cvnseqiicntial damages. 





Foam Enterpttses, Inc. 302-2.5 system IS a smooth 
skin potyurethone spray foam designed for thermal 
Insuldlon of roof and storage tanks. FE302-2.5 Is 

classifled by Underwriters Laboratories Inc. per 
UL723 (ASTM EM)' testlng, also UL790 (ASTM-E1 
Class A. 

'UL 723, ASTM-EU (This numerical flame spread is not intended to reflect hazards presented 
by this o( any other material under actual fire conditions.) 

Reaction times are influenced b y  equipment efficiency, temperatures of materials 'A'' & "8': 
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 
reaction profiles are estimates and can vary slightly. 



Flrst Ald Conrld.rotlonr 
VAPOR INHALATION problems are characterized by coughlng. shortenmg of breath and tightness in the chest 
Anyone exhibiting these type symptoms mould be immedlalely removed from the workplace and administered 
on/ en or fresh air. If the cmdltion Is prolonged or extreme. SUMMON “EMERGENCY TRAINED’ MEDICAL AlTENTlON 
i M *E DIATELY. 

SKIN CONTACT with liquid components can result in a rash o( 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 a 20% solutlon d 
rubblng alcohol. Follow the alcohol wipe with repeated washings with sa~p and water. If a rash or other ln l tath 
developes. SEE A PHYSICIAN. 

NE CONTACT with llquld OT sprayed components can result In come01 bums or abrasions. U n exposure. eyes 
should be flushed with water for an extensive period. SUMMON ”EMERGENCY TRAINED” M E D L  ATTENTION 
IMMEDIATELY. 



. .  .-. . 
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Chemical Exposure 
pd/urethane foams should not be e q o d  to Ilqulds. 
~pon.  01 residue of any chemicals 01 #Ivsnts that wlll 
W e n  01 -rode the foam or Mect It In any other 
manner. Because d the variety d sobents and the 
M m s  Conam- Wls Involved. each condition 
becomes fpeckllred and should be Indh/ldualh/ 
CUlSldWed. 

Safety, Heatth 6 Toxicity D d a  
A MATERLAL SAFEN OATA SHER (MSDS HAS BEEN 

C O M E  IN C O M A 0  WITH THE PROOUCT SHOULD READ 
AND UNDERSTAND THE MSDS 

Since - 2 ? E E ~ + m t z e c i  the into a very fine. particle 
dlstrlbutlon dufing spmy c ~3lcatlon. it is ewntial that 
maxlmum effect is mode voted the spray mechanic 
and othen neOr the wow ?ce from undue exposure 
E8M3A is a pdymeftc IS-iOnate and. as such. can be 
very sensttlzl 
VAPOR I N d  TION. Some other in redients may be 
sensitizin from the standmw of COWACT OR &E 
COMA&. hoper safe+y men  iouii De worn 
as called for by the ma: 

The ovenpray from system 
cmsldecoble distances ana care should be taken to do 

1) Post wumlng signs a mlnlmum, of 100 ft. from the 

2) Carer all intukemts nec: YW wuk area 

3) Set up wtnd breaks when needed. 

4) Mtnlmlze of exclude all personnel not directty 

5) NO WELDING, SMOKING OR OPEN RAMES 

PREPARED ON R302-2.5 AU PERSONN h WHO WILL 

partlcukrty from the standpoint of 

afety I- Aa sneets 

Rd8dOfldth.WOfkpk! 

the folwng: 

-02-2.5 can cam/ 

wuk aB0. 

involved with the spray appllcatbn 

uI.wuk 
Shelf Me of R302-2.5 A and B Components is 6 
m t t u  from the &:e of manuiucture when stcxea 
in aQinol unopermq cmtainers at temperatures 
be- 504 ana 7t"F 

wghtclauraumon / 

Liquid Plastic Materials - NOlN 

Drum Dlsposal 
Drums ccc he recyclccl by your local drum reconditioner 
Make sui.. .JU empty them completely. If you neea lo 
locate Oi' , .;ontoct National Barrel & Drum Associclion. Inc. 
1030 FIftfx.-.:h S t r e e t  N.W.. Suite 130. Washington. CC. 20005. 
Phone nurntxr 202-296-8028. 

General Requiremenis 
and Speclal Condfflons 
The successful deslgn. Installatlarr. and operotlon of 

rethane foam root Insubtkn m m  Is 

combining technology. expdmce. and mm 
sense These Interdependent facton mu? be thoroughv 
evuluatd and consldmd to ellmlnote potential 
probter-is that Ca? occur In any type of pco)ect. Facton 
to be rpm specitic cwlderatim Include foam 
appllcation. unique and/or local weather condlths. 
maintenance and periodic Inspection. and other 
special conditions. 

FoamAppllcalkn 
The successful appllcatlon of sprayed -rethane 
foam is hec~~Itv dependent upon the erperlence. 
common sense. and attentlon to detail emlsed & 
the contlactds penonnel. Experience has shown that 
the us8 of certain simple technlques and vlsual 
lnspectms can pinpoint potentla1 problems so that 
they can be Identified and remedied 

The recommended appllcahcn and handkng 

be k m  and foliowed by the foam appltcatoc. A small 
"test area' of spqdoam should be apprled and 
Inspectea prior to commencing the projd.  This simple. 
lowcost test area can Indicate inadequate adhewon, 
improper surface preparatm and/or pnmer. surface 
contamination. Improper substrote and/or ambrent 
temperature. equlpment maifunctlons. matenal 
contamination. or Improper application technique A 
Jmple visual inspectlon OB a sample cut from a test 

problems that maybe due to one or m e  of the a b  
area and penodlc job samples can reveal potential 

coo= * ' %  

The box: visual and physlcal lndlcuton al condttbns to 
be conected are as follows Irregular and/or rough 
surface texture. Irregular and/or large cell structure: 
excesyve plnholes a thin, low-density qnd IQhter- 
colored layer of foam at foam interface. a higher- 
densty layer d foam at foam Interface. enatlc or 
"streaky" foam c d w  poor interface odheslon: 
Inadequate adhesion to substrate foam overspray 
under a foam layer. and delamination and/or 
inadequate adhesion of the undertying coating and/or 
primer These are indicators and not causes of 
conditions to be conected when compared to an 
acceptable sample of the same foam 
Industry application standards should be followed as 
explained in U F C A or S P I guidelines 
Cautlon 
The use of foamed plastlc In Interlor appllca- 
tlons on walls or celllngs may present an 
unreasonable flro hazard unless the foam Is 
protoctod by an approved, firoroslstant mor- 
mal barrier which has a flnlsh-ratlng of not 
I o u  than 15 mlnutes. 

heavrlv wqede ndent upm a wlde morlety dtoctm 

procedures tor the specmc w u c t  being u38d should 

e 

- 

The information herein is to assist customers in determining whett'ter 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 satisfy themselves as 
to contents and suitability. We warrant that our products will meet our written specifications. 
Nothing hereln shall constitute any other warranty express or implied, including any warranty of 
mercantabllity or fltness, nor is protection from any law or patent to be inferred. All patent rights 
are resefved. The exclusive remedy for all proven claims is replacement of c u r  materials and in 
no event shall we be liable for special. incidental or consequential damages. 

I 

FOAM ENTERPRISES, lNC. 000240 

13630 WATERTOWER CIRCLE. MINNEAPOLIS. - 'NNESOTA 554C '6  12) 559-3266 
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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 soli@ 
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 a tough 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 lo insure trouble free, 
economical applications. 

FEATURES 
Versatl I I t y 
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 excellent dura- 
bility; however, slight chalking 
and color change will occur. When 
maximum color and gloss reten- 
tion. aesthetics, and ease of clean- 
ability are of prime importance, 
Futura-Flex 550 aliphatic urethane 
is recommended as a finish coat. 
Toughness 
The high tensile and elongation of 
Futura-Flef 500 provide superior 
resistance to mechanical and hail 
damage. 
Weatherabllity 
The Futura-Flex 500 system has 
good resistance to ultraviolet 

5 .  I radiation, temperature extremes, 
'oxidation and all forms of water. 

- ~' -:.-b.-.--*"- 

I8withodtadded 

enables the applicator to a 
uniform film thickness of 
mils with ease, even on rough or 
vertical surfaces without pinhollng 
or sagging. Higher sollds also 
allow faster application rates with 
i n creased cover ag e;."p ro vi d In g 
reduced labor and-material'costs.+' 
Vlsichromee 
Allows the applicator to' recogni 
instantly when the coating 
applied off-ratio. The "A" and " 
components are manufactured in : .'.-."--.''.. .,:.; X,*'hAi 

.Technidal' separate colors, that when mixed, 
, . ". 

produce a distinctive third color. Physical'anh@erformanca.p;bper- 
>.. _ I  , . ... . , _ e . .  ,.. <.:: '; , , . . 

. . .,: , . . .  . . . .  

TABLE 1: TYPICAL PROPERTIES'(WET) .:*. ;.'- 
. . .-: . .. . I , . . .  ' . .. 

Speciflcatlonr :' ::,:-:.. ;'-'.' \ - ~ G + ? < v a l " e y  ; -;.*7>. :. -. .,... _.. .. . . .. 

Component A 
Component 8 

Flash Point: 

. >  . . . .  . . ..., I Component A 100" F (#7.S0C), .,'":6';moni'hs.:-: 6"monthS.- I 
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I A U L t  2: 1 

Phyplcai Properties T 

31CAL PERFORMANCE - 
Test Method 

Tensile 

Elongation at 75" F 

100% Modulus 
Tear Resistance 

Permeability 

Hardness 
Accelerated Weathering 

0-UV Accelerated 
Weathering Tester 

Ultraviolet Resistance 
Atlas Carbon Arc 
Weatherometer 

EMMAQUA U V  Radiation 

Water Absorption 

Accelerated Heat Aging 

Low Temperature 

High Temperature 
Flexibility 

Resistance 

Abrasion Resistance 

ties of Futura-Flex 500 may be 
found in Tables 1 and 2, respec- 
tively. 
Theoretical Coverage 
Futura-Flex 500 Base - 1154 mil 

Futura-Flex 500 Finish - 11 54 mil 

Recommended Thlckners 
30-40 mils (Total System) 
2.6 - 3.5 gal lons 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. so0 Finish 10 Mils 

Total 30 Mils 

sq. ft./gallon 

sq. ft./gallon 

PROPERTIES 

ASTM 0 412 

4 hours condensation . ; .. ..:: 

-::,:i. : ..: @ 105°F 
ASTM D 822 

Continuous UV and water. I 

I z . . 1  

I' - 
w ray  cycling ._ . 

. .. '; , . ,. . (1 ,, ! 

ASTM 0 57330days @ . . : ,  

ASTM D 2136 180" bend; . 

ASTM 0 573 

. .:. 185" F (85OC) 

@ -50" F (-45.5" C) ' 1.. , 

. .  . $  .. . Continuous : . . ... - 
Intermittent . -. . ., 

ASTM C 501 . ... ,.' 
CS-17 wheel . ,  - 

1000 rev. with 
1000 gram weight . . . . 

. -  . .  . 

. i .  . . . .  , . 

Topcoated with F 
Finish 
1.73 Gallons NO. 500 
0.96 Gallon No. 550 Finish . 10 Mils 

(These figures are approx i v t l on  
only. Also see Estimating All0 
ances.) 8 

Number of Coats . .. - 
Depending upon the service and 
dry film thickness specifications; . . ,. ''Obta 

require a total of 2-3 coats. When 

1 o r  2 coats o f  Futura-Flex 500 
base coat and one coat of Futura- . ,;:.; 
Flex 550 is recommended. ' 

. 

a Futura-Flex 500 syst 

using Futura-Flex 550as the finish,' 



tingency factors when estimating 
q u an; i t i 8s. 

PERFORMANCE 

Redstance to Hall and Mechanld 
Damage 
Due to it's high tensile 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.) 
Flexlblllty 
Futura-Flex 500 demonstrates 
excehent flexibility over a range 

'o f  extreme temperatures. Even at 
Isub-zero temperatures, Futura- 
Flex 500 exhibits exceptional 
flexibility as reflected by passing 

'PROPERTIES 

. . . .  .... . 

Contdner Slzo : 

10 Gallon.Kit --'5 Gallo 
710 Gallon Kit -'55GaII 

METHOD 
Futura-Flex 500 is designed for 
airless or conventional spray 
equipment. A brush or roller is 
acceptable for touch up. 

EQUIPMENT AND MIXING 
Batch MIX Uslng Standard Alr- 
less Equipment 
Pump Ratio - 30:l or greater 
Tip Size - ,025 to .035 inch 
Fan Angle - 60" - 80" 
Hose Oiameter - 3/8 inch 

(High pressure hose) 
Plural Component Application 
Using Slatlc Mlxlng/Standard 
Airless Gun 
A plural 1:l 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:l or greater 
transfer pumps. Both "A" and 
"8" components are pumped 
in individual hoses by the pro- 
portioning pump to a three 
inlet manifold and through an 
18 element. 24 inch static 

mixer with removable/replace 
able elements (oc,equivalent).' 
A standard airless spray gun 
witha15footwhlphose(maxi- 
mum) should be attached to 

pressure solvent line is attach- 
ed to the manifold to facilitate t hln n i n g 0 r 
f lushing the whip and gun ,, ~, heating~.'A's'pray.pressure'of28~ 
when spraying is stopped fo'r ~3OOO'~PSl~'and'a 60"' to'8O0 wide 
more than 15 minutes. The : ; ;angie::spray~tip,...'025.to .035 will 
solvent pump should be' at - .  . provide:.good':atornization and a 
least a 1O:l ratio pump. , ~ u n i f  or m I yj'. ap p I le d I .a pp I I ca t I o n . 

Total ly  Plural Cornpone 
Sprayed 
A plural I:I proport ioning .. ,  
unit, which c t n  develop 2400- 
3000 PSI in heated or un- 
heated systems. is' used. The. 
proportioning pump should be 
fed by 2:l transfer pumps.,:Tlie 
material temperature to the 
gun should not be lower th 
75°F  or greater than i310V 
The spray gun should'.be;a 
plural  componen.! intern,al' 
mixing gun designed to spra 
pigmented coatings with a f  
spray pattern and'rated a 

~ .. . 
~ ,.. .. :' . . 

s p ray.:d I&ct 1 y, w [tho 

the exit of the mixer. A high . ., . .  9 '.- . 

F.utyra-t!e$!57F is:f o r m u lat ed to . 

minimllm n r ~ s q l l r o  nf mnn- I " ' v * C o C  1 8  000243 
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:Do n G i  .:. ore material than 
can be I:.:J~.! wih in  the pot life of 
the matetial. 
NOTE: Dark hoses on dark roof 
surfaces absorb tremendousquan- 
tities of heat. Do not leave mixed 
material in fluid lines for more 
than a few minutes when spraying 
is stopped. 

THINNING 
Do not thin the "A" or "B" compo- 
nent when using plural component 
application equipment. For premix 
applications, thinning is normal I y 
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 al l  Futura urethane coat- 
ings is as follows: 
FAST SET URETHANES 
(7-75 minute cure) 
Recoat the same day or within 24 
hours. 
MODERATE FAST SET 
URETHANES 

As soon as cured and within 3 
days. 

(4-8 hour cure) 
As soon as cured and within 5 
days. 
NOTE: Recoat is based on. sunlit 
days. Clouds or  rain would 
lengthen the recoat schedule pro- 
portionally. Coat as soon as 
weather permits. 

( 1 - 3  hour Cure) 

STANDARD CURE . 

CLEAN-UP 
Equipment - For best results, 

FUT'1RA COATINGS,  INC. 9200 L A  T1 

..__ . . . . . . . . _ )  _", , l l ~ ~ t ~ ~ ~  v i  buiiLC\bLUI L 1 1 O I I ~ U J U u i  a p l a y i ~ t i a t .  
XYLOL and MEK (50'5O)I or 
XYLOL. ~ splehJ$ 
STORAGE 
Store materials in a dry environ- . +u 

ture of 3O-4O0F and a:rnaximu'm' ,.;3' 
temperature of 100" F. ,The shelf ' . >  

life of component **A** IS 1/2.- I 
year in  unopened containers 
which are purged with nitrogen. . 

The shelf l i fe of component "8" is .in ~~d~ono j~+n ic . yapors .  Cbn- 
1 - 2 years in unopened containers. 
If the component "A" is opened, it :.:mantal':oncent?ations indeciding 
. '- ?uld be purged with nitrogen 

resealed or filled into smaller 
ntainers to their maximum 

4 u m e  in order to eliminate poly-' 
merization In the can. 

€yo Protection:'-afety,. giasses, 
$...., 

- . .  .. . *  . '9fecomL 
~ ,. I -%L. 

.Ly,.:?. . .r  

mentor with a minimum tempera- .- .;+ .ya 

$5 
, . 1  .?m 

. i r i  

:S 

, . I , . . . "  . .  

he,applIcatjon.anij.environ- * l . .  . 

eather Is imminent: 

3rature IS below 45OF or 
, greater than 120' F. 
3) CAUTION: Prior to application. 

of Futura-Flex 500. the system . 
should be purged to eliminate 
all solvent remaining in hoses .^ ' 

4 )DO N O T  a p p l y  w ;ut'-+ 
adequate air exchange a i  . ?n-&*" 
tllation in enclosed areas-. -;*,;2% 

'9 NOT apply when the tern- 

before applying to roof. - "?:a 

Mareriai barery-uara 'meets are 
available on'this coatirig'material;. 
Any individual who may come 'In:; 
contact wi th these products '  
should read and understand the 
Material Safety Data Sheet. 
WARNING: Contact with skin or 
inhalation of vapors may cause an 
allergic react ion.  Avoid eye. 

ch'nical Department. 
. .  . ,. ( , 4 1 . ' .  . .. . .. e .  . . ' (  

. .  . .  : ' . . ; ' , . , . " : , i . ' , -  . .  
. _ .  

. .  

. I  . 

':: ."., 1. . , 

. .  .. 
. .  

-. , . , + , ,  , .  
, . - , , ,  . . .+:_. ' . ' I  :. 



PRODUCT DESCRIPTION 
Futura-Flex 550 is a two compo- 
nent, fire retardant, aliphatic ure- 
thane which exhibits long-term 
color and gloss retention. I t  is a 
premium grade elastomeric coat- 
ing which is recommended when 
an aesthetically appealing and an 
exceptionally durable exterior 
finish is desired. 
Futura-Flex 550 is primarily de- 
signed for use over polyurethane 
foam as afinish coat but may also 
be used over concrete, masonry, 
wood and metal'substrates where 
a flexible, high gloss and color 
retentive coating is required. 

FEATURES 
Superior Color and Gloss Stablllty 
Due to i t s  aliphatic chemical 
structure, Futura-Flex 550 pro- 
vides long-term color stability 
even after years of exposure to 
weather and ultraviolet attack. In 
addit ion, Futura-Flex 550 has 
excellent gloss and resists chalk- 
ing, which provides total film 

. integrity throughout the entire 
service life. 

Super Tough 
The high tensile and elongation of 
Futya-Flex 550 provides superior 
resistance to mechanical and hail 
damage. 
Weatherablllty 
Futura-Flex 550 has excellent 
resistance against ultraviolet 
degradation, extreme tempera 
tures, oxidation and all forms of 
water. 
Fire Retardance 
Futura-Flex 550 has UL790 Class 
A approvals over numerous poly- 

0 

tain ,specific rkcommendations 2 
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::: 5' 3 GJ* TABLE 2: TYPICAL PERFORMANCE PROPERTIES OF CURED MEMBRANE 

T 
Physlcal Properties 

Tensile 

Elongation at 75" F 

Tear Resistance 

Permeability 

Hardness 
Accelerated Weathering 

0-UV Accelerated 
Weathering Tester 

Ultraviolet Resistance 
Atlas Carbon Arc Weather- 
ometer 

EMMAQUA UV Radiation 

Water Absorption 

Accelerated ,Heat Aging 

Low Temperature 

High Temperature 
Flexi bi Ii t y 

Resistance 

Abrasion Resistance 

Tes t Met hod 
. .  

ASTM 0 412 
(Dle C @ 20 Inches per;mln). 

(Die C @ 20 Inches per min):'. -. 

(Die C @ 20 inches per rnin). 

(@ 20 mils) 

'. .,?yAl&,@,$. 
X . "  .. . . >  ASTM D 412-' . ~ ,"' , . ..: I 

. .  . :. .!I 

ASTM 624 

ASTM E 96 Procedure E-'" 
' 

t. , ..,; - - . .  

ASTM D 2240 Shore A . . , 

.,;, . .Q p, 
. r  

.. , ASTM G-53-77 . . ./. ;<. 
Cycling Procedure: 
8 hours intense UV I@ 16OOF;. 
4 hours condensation 
@ 105°F 

ASTM D 822 
Continuous U V  and water 
spray cycling - 

ASTM E 838 

.', ~ . . .  . ... 
ASTM D 471 3 days @ .- .. ..L 3%- 

ASTM D 573 30 days @ . :. .. 

ASTM D 2136 180" bend 

ASTM D 573 

. . .  75" F (23.6" C) . .  . .  

185" F (85" C) 

@ -50" F (-45.6"C) 
. .  

Continuous 
In termittent 

CS - 17  wheel 
1000 rev. with 
1000 gram weight 

ASTM C-501 

from Futura's Technical Service 
Department). 
Estimating Allowance 
Allow 10-20°/o additional material 
for  irregularity of surface and 
contingencies when estimating 
quantities. 

PERFORMANCE 
PROPERTIES 
Resistance to Hall and Mechanical 
Damage 
Due to the high tensileand 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 

. .  I . . .  . .  . .  -;.'a,, . ,..,. , , : I 

20 feet does not produce surface' 
cracking. (20 mils of coating 
sprayed on 2.5 PCF density poly- ' '' physica1;propertiesi.'. :+>:. 
urethane foam.) 
Flexiblllty 
Futura-Flex 550 dernongtrates 
excellent flexibility over a range 
of  extreme temperatures. It 
hibits exceptional flexiblllty as 
reflected by passing a 180°'.bend 
at minus 50" F (ASTM-0 21 

Hydrolytlc Stability ' 

Futura-Flex 550 is unaffec 
long-term Immersion i n  
After six months immers 

.' disiii witei: at .  750.F:,.:j&j.90~), 
there;w.ere.negligible-'changes in 

( 
Pondlng Water .Reslsta.n 4 



Hpprorrrnaie wergnt 
10 gallon kit - 122 Ibs. 
110 gallon ki t  - 1342 Ibs. 
Frelght Clerslflcatlon 
Paint Compound 
NOIBN 
Flammable Liquids 

METHOD 
Futura-Flex 550 is designed for 
airless or conventional spray 
equipment. 

EQUIPMENT AND MIXING 
A)  Batch,Mlx Uslng Standard Air- 

less Equipment 
Pump Ratio - 30:l or greater 
Tip Size - ,020 to .030 inch 
Fan Angle - 60" - 80" 
Hose Diameter - 318 inch 

(high pressure hose) - 

E) Plural Component Appllcatlon 
Using Static Mixing/Standard 
AirleSS Gun, 
A plural 1:l 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:l or greater 
transfer pumps. Both "A"  and 
"8" components are pumped 
in individual hoses by the pro- 
portioning pump to a three 
inlet manifoldand 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 lo 
the exit of the mixer. A high 
pressuresolvent line is 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. 

C )  Total ly Plural Component 
Sprayed 
A plural 1:l proport ioning 
unit, which can develop 2400- 
3000 PSI in heated or un- 

4 '  

a 

A U O l  rlONAL INFORMATION . -  
'Chemical Tests 

. , ,. 

heated systems, is used. The.' 

POTLIFE 
55" F - 2% - 5 hours 

95" F - % - 1 'h hours 
75OF - 1 % -  2& hours 

1 1 5 O F  - lh - % hours 
Batch Mixing 

the material. 

surfaces absorbtremendousquan- . " 

tities of heat. Do not leave mlxed, 
material in fluid lines for more 
than a few minutes when spraylng ., 
is stopped. A black hose on a 
black deck may reach 1 4 O O F .  I f  
the hose is very long, the coating 
will pick up temperature above 
ambient. It is advisable if y a r m  

'. 
Minimum...;'. ' 4S°F ... 4 5 O F  . 
Maximu'm ':... ' 1 : l O O F ' .  ; ; 1 6 O O F  

CURE SCHEDULE. 
The cure'time willvary depending 
,On temperature and humidity. Use 
this  informat ion as .8  general 

temperatures are antlcioated. to guide:' -: ,. '-. . .  , 

insu.late the hose with Arrnorkex 
or equivalent. When mixed (cata- 
lyzed) material is introduced'dnto ' 

a hot hose, the pot life will;be 
signi f icant ly reduced. Winter 
grades avai lab le o n  spec ia l  
request. 
Storage 
Store materials in a dry environ- 
ment with a minimum temperature 

. . . .  . . .  . 
. _  . ( . . .  . 

7 



+y ';$ 
,: .?ppressu:c ' 2800-iXO PSI 
ana a 60" to 80" wide angle spray 
tip 0.020 to 0.030 will P-avide good 
atornitatioh -._ - .. and :ni formly 
applied/, apr;.;cation. ing a 3-6 
inch overlap to insu .. In evenly 
coated surface, walk the roof, 
making complete passes of the 
roof surface. 

€qui-ment - For best results, 
use'; inner No. 50ora mixtureof 
XYLOL and M E K  (50/50)' or  
XYLOL Is acceptable. .'. ; '. 

A P P Ll CAT I 0 N G U I D E Ll N E S 
1) 00 NOT apply over wet sub- 

strates or when lnclenlent 
weather Is imminent. 

2) 00 NOT apply when the tem- 
perature is below 45°F or 
greater than f2O"F. 

3) CAUTION: Prior to application 
of Futura-Flex 550, the system 
should be purged to eliminate 
ai l  solvent remainin. in hoses 
before applying to I.: .?1. 

4 ) D C  N O T  a p p l y  . - r i thou t  
adequate air exchange and ven- 

CLEAN-UP 

. ... . 

FUTURA COATINGS, INC. 9200 LA TTY 

I t  Is believed, Ingestion of Tdl, 
MDI or:~~bly~erlc~isocyanates 

-would not%efa~al.t6Mlmans but 
GENER,' t. SAFETY, TOXICITY 
A h 0  HEALTH DATA 
Material Safety Data Sheets a 

Material Safety Data Sheet;-.: ' ' 

WARNING: Contact 'with. skin: 
inhalatlon of vapors mayk'ause* 

Skln Protectlon: Che 
ant gloves 'are. rec 
Cover as much of the'.'ex!,::.;dd.' 

Respiratory Protec 
respirator approved 
nates*and/or organic 
sider the application 

if adar;ional protecti 
are necessary, 

1 

. : . : 5 . . c . . ' . , ,  . , . a  .. . 

. _. 
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ELASTOMERIC 
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coating is rapidly developing into the choice for 
modern roofing. it is lightweight, 100% bonded 
to the substrate o n  application, monolithic and  
absolutely seamless. It is capable of withstanding 
severe extremes of cyclic weather and  still retains 
fu l l  functionality. The  development of high qual- 
i ty ,  long term performance elastomers has made 
all of this possible. 

Cutura  Coatings. Inc. has been deeply involved 
,. the industry since its inception and  has been ii 

leader in t h e  development of' thcse performance 
elastomers. Futura represents a cont inuum o f  a 
decade and a half in  the formulation and sales of 
elastomers developed specifically for t hc protec- 
tion of sprayed-in-place urethane foam. O u r  pro- 
duct line is uniquely complete offering a n  array 
of products designed to meet a broad range of 
properties that a re  required in roofing a n d  tank 
applications. 

ADVANCED TECHNOLOGY 

,Modern polymer development 
begins with research in well 
equipped laboratories. O u t  of 
the hundreds of evolved for- 
mulae, few make  it  past rigor- 
ous accelerated test programs. 
Those that do. become candi- 
dates for inclusion into F u t u -  
ra's product line and receive 
even more extensive testing 
and development to insure per- 
formance in the field. 

W e ' a r e  primary in manufac- 
turing of many  of the resins 
and  chemicals used in our  pro- 
ducts. This back integration 
permits  is to develop and 
manufacture elastomers with 
very precise end properties. 
Quality control is stringently 
maintained from the beginning 
of the resin manufactur ing 
process through completion of 
the end product.  

Manuiacturing is d o n e  in  a 
s e  m i -;I u t o m a  t e d I 00 .000  
squarc foot 1;icility in St. 
Louis. Advance pliinning and 
engineer i n g h ;I s 
permitted portions of the facil- 
i tv  to become ful ly  au tomated  

p r e pa rat io n 

w i th  c o m p u t e r  c o n t r o l l e  
production. c 

000250 



URETHANE FOAM A N D  ELASTOMERIC COATINGS 
/* 

A N  ULTRA MODERN INSULATION A N D  ROOFING MATERIAL 
MONOLITHIC CONSTRUCTION 
Futura's elastomeric coating and sprayed-in- 
place urethane foam forms a virtually inseparable 
composite system from bottom to t o p a n d  edge to 
edge. No seams. joints o r  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. 

O/o SEAMLESS AND BONDED 
Sprayed-in-place toam and elastomeric coatings woo ;ire 100% seamless and because they are applied 
initially as a liquid. they bond tenaciously to thc 
surfacc to which thcv arc applied. l 'hcrc '1 re no 
seams to Ict go o r  glue to f i i i l .  They climinatc the 
1000's 01' mechanical t'astcncrs that puncture [tic 
dcck and protrudc t hrougti t tic insulation. 

SPRAY APPLIED AND SELF-FLASHING 
The spray application of foam and elastomeric 
coatings permit the system to be easily a n d  
rapidly applied to extremely complex geometric 
shapes. Because i t  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 a r e  true of both the 
insulation a n d  the weather barrier coating. 

EFFICIENT LIGHTWEIGHT SYSTEM 
Sprayed-in-place polyurethane foam and eiasto- 
meric coatings are  unsurpassed in insulation 
values. Weight and loading of structural 
members a re  critical factors in engineering 
designs. 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 
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FUTURA'S ELASTOMERIC .COATINGS 

UW~:~HAW;LS...TOF~.. JRROWS COATING TODAY! 
he last decadegreat strides have been made 

in  elastomeric urethane coatings technology. As 
a result. better and better materials have made 
their way from 1 ' -  .iboratory to the field. The 
most apparent r:. . * L ' i i  is their long term pcrfor- 
mance. Futura C:ii.:.:;lgs has long beena leader in 
this area. Devc . ental emphasis has simul- 
taneously progrc . .  along t w o  separate paths. generic classes. 

They are. performance standards of ' the coatings 
and their application properties. Only when both 
requisites are addressed can :ruly I o n ,  .crm high 
performance coatings be attained. Eiastomcric 
membrane coatings are frequently applied at 
thicknesses of 45 mi!. with 30 to 35 mil films 
being the r,; mum .dustry standard for all 

C O M P A R I S O p j  OF P H Y S I C A L  PROPERTIES TO OTHER ELASTC . 3 E -  5 

TENSILE STRENGTH 
Tenslle slrongth la tho amount of force dew-  
bpad m w a u r y  lo camso a parmonont break or 
ruptum d a cwtlng. 

b Me marlmum smWol of "slretch" exhlbltsd 
by the CMtllbq a d  Is rmaaured I 8  8 percent ol 
Its orlglnal length at tho momant ol break. 

IMPACT RESISTANCE 
Ir the ablllty d 8 malarlal lo move suddenly and 
not rupture OT bmak even lhough the substrate 
may ba lollllydeformedor dorlroyed by Impact 
Thls ablllty Is a comblned function of tensile 
atrengm and alongallon. 

I COATINGS I SHEET COATINGS SHEET I 

ULTRA- -1 C O A T I N 6 1  1 SnEn 
HIGH 

HIGH 

MOOERATE 

m 
TENS I1 E 

COAlINGS 

REPAIR1 

ELONC 

1 

1 
MOISTURE VAPOR TRANSMISSION 
RESISTANCE 
M V l l  Is me ablllly of a matorla1 m resist the 
Iransmlarlon of water In vapor form. Thls Is 
crlllcal factor In keeplng the lnrulatlon d q .  

FLAMMABILITY WITHOUT GRANULES 
OR ROCK BALLAST 
A11 Fulura elaslomerlc coatlnos srstems are 
raled U.L. 7 9 0  Class "A" wllh&l &e reqUlN- 
men1 for rocks or granule#. 

REPAIRABILITY 
CJrrfUl seIec1lon of rlastomrrlc membrane 
materlalr can allmlnaie complor and unnocos. 
s a q  rtforl and cost whon malntrnanco d tho 
roofing ryrlem ovontually becomes necesraq. 
Most ~PrJVed-l~~-placO elastomers. wlm tho 
orcepllon of slllcono typo materials. are easlly 
malntalned and repalred. 
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BASE COAT 

NUMBER 

524 

FINISH COAT 
NUMBER 

524 FIN 

555D 

FUTURA'S FAMILY O F  
Futura's family of urethane coatings a re  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. 

TENSILE ELONGATION VOLUMETRIC RECOMMENDED VlSlCHROMEm 
TYPE ELASTOMERIC FINISH COLOR (PSI) (PERCENT) U.S. PERM SOLIOS 

AROM Any Ursthane Beige 1450250  350L25  66 85%f 1 

TYPE BASE MEMBRANE COLOR IPSI) (PERCENT] U.S. PERM SOLIOS 

AROM 5000.524.500 Gray l600?50 3 0 0 2 2 5  .66 85% fr 1 

Flnlsh 

RECOMMENDED STANDARD TENSILE ELONGATION VOLUMETRIC 

ALIP Any Urethane Base Whlte 1800rf50 3 8 0 2 2 5  .56 85% 5 1 - 

SI ; \ Y l ) ~ \ I < l )  t ' l : l ( l :  .M:\ l ~ l ~ : l t l , ~ \ l . S  a r e  
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. 

\ l O i ) l ~ l < : \  I I :  ( ' l : l < l . .  .\,l:\ I l - I tI i \ l .S a r e  
designed for application through modified plural 
component  spray equipm.ent. They require a 

5 9.7 5 
URETHANE COATINGS 

high pressure plural component  proportioncr.  
plural hoses and a manifold mixer. These mate- 
rials are  unique in that they a re  applied with a 
standard high pressure airless spray gun. The  pot 
life of these types of materials a r e  20-30 minutes. 
This results in a cure rate of I to 3 hours a t  75" F 
to 80°F. 

b'AS.1' C ' O l < l !  I ' E K I A I . S  Futura's fast 
cure  urethanes a re  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 p u m p  to the gun. T h e  pot life of this type of 
material is 15 to 45 seconds. This results in a cure  
rate of 2 to 6 minutes. 

BASE COAT RECOMMENDED VISICHROME.4 TENSILE ELONGATION VOLUMETRIC 
SOLIDS NUMBER TYPE ELASTOMERIC FINISH COLOR (PSI) (PERCENT] U.S. PERM 

SO00 AROM 500.524 Brown 2250 350 2 25 .6 1 10096 
550.5550. 

550. SJ50 
.6 1 100% 5007 AROM 900.524. Mad. Gray 3450 1 7 5 2 2 5  

I s  a special b i -color sDrav check desiqned smct f ica l ly  to tell . .  . _  

you when your pump.:mcter system is malfunct ioning or 
when there is an inadequate level of mixing occurr ing at the 
gun. The telltale indicator i s  evidenced when color favors 

OME '" 

the color of the "A" component or the "6" component. 

000253 !- >.. . . . 
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ACaYLIC ELASTOMERS 

SYSTEM NO. 
+40/442 
444 

'I.. 5 . '. 

VOLUMETRIC TENSILE ELONGATION 
NO. OF COATS (PSI) (PERCENT) U.S. PERMS SOU03 

2.8 m 
2 1.4 65% 

1 EACH 3002 25 290 2 10 
1 7 5 2 2 5  2 7 5 2  10 

Futura Coatings manufactures two acrylic elastomeric mem- 

system. They can be a n  excellent choice of materials wher m brane systems. They offer the applicator the convenience of 
single package material with the ease of clean up of a water ba 

weather is moderate  and  not susceptible to extremes and where 
surfaces a re  well drained. 

BUTYL ELASTQMERS 

3utyl rubber based elastomers a r e  unsurpassed in [heir  resistance 
o moisture vapor  permeation. They a re  used as a base membrane 

in thicknesses from 30 to 60 mils to resist severe vapor  drives 
encountered in cryogenic tanks a n d  freezer/cooler applications. 
Butyls a r e  generally overcoated with urethane f i n i ~ h  membranes 
o r  urethane systems to achieve greater resistance to mechanical 
damage  a n d  impact. 

TENSILE ELONGATION VOLUMETRIC 
SYSTEM NO. NO. OF COATS (PSI) (PERCENT) U.3. PERM SOLIDS 

O R 8 0 1  F4 1 O R 2  375 2251  1 8 0 2 2 5  'R2 60% 

SYNTHETIC RUBBER ELASTOMERS 

Elasto-Bond 575 System is based o n  ;I proprietary synthetic 
rubber c o m p o u n d .  I t  is a single package elilsticiy.ed material that  
has a number of outstandin!: properties. I t  is iln c.utretncly low 
permeance material wi<h e: -lien[ U . V .  

a TENSILE ELONGATIUN VOLUMETRIC 

800 2 ..5i 5 5 0 2  25 I 1  40% 
ISYS; NO.j*O. O F ~ O A T S  1 ( P W  1 (PERCENT) U.S. PSRM SOLIDS , 

I I I .. . - - 
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HVPALON ELASTOMERS 
Hypalon elastomers provide several special properties occasion- 
ally desired by designers. They have extremely low moisture 
vapor  transmission rates a n d ,  as a result, a r e  frequently used as  a 
finish coat elastomer in conjunction with butyl rubber. They also 
exhibit the best overall fire performance a n d  are  used alone as a 
m e m b r a n e  system when  f lammabil i ty  is a n  overr iding 
considerat ion. 

1 

PRIMERS 
A l i l ro i cgh  iirerhuw ,fOutpts v.Yhihii u h i g h  o r d u  o f  uclht~sion io viosi t)iuttv-iuIs. ilieI* benefit ,qri.atl.i. 
\ j . l i o t r  i t p p l i d  o \w siihsirutt) orimied priniers, hontIiri,q rig:cvit.v. o r  c o r r o s i o n  resisronr p r i m e r s .  

EPOXO-BOND 300 (metal  primer)-is a chemically set polyamide-epoxy primer with balanced 
inhibiting pigments for max imum corrosion protection over steel surfaces. I t  bonds tenaciously to 
either steel or concrete surfaces and is supplied in a one to one mixing ratio. I t  is a n  excellent primer 
for most spray urethane coatings as  well a s  urethane foam. 

EPOXO-BOND 307 (concrete a n d  masonry primer)--is a catalyzed clear penetrating sealer for  
concrete. masonry, and  wood surfaces. I t  may be used alone. o r  in combination with other Futura  
coatings. I t  has excellent adhesion and  chemical resistan-ce which makes it a n  ideal primer o r  sealer 
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. I t  ties u p  any  loose 
materials. blocks moisture from the substrate. and  provides f o r  maximum adhesion of urethane 
foam. This primer is a n  ideal material when rcpairing prcLtiously coated a n d /  or  degraded urethane 
foam. 
FUTURA-BOND 702 (non-Icrrous primer) -is ;I two component  equal i.olumc mix wash prinicr 
which gives outstanding adhesion and anti-corrosive properties oi 'cr s m o o t h  o r  sandblasted s tcc l  
and non-ferrous surfaces. I t  is compatible with most gcncric l'inishcs u.liich ciihanccs t tic corrosion 
protcction ol  the total system. 

SPECIFYING A N D  ENGINEERING 
T o  obtain additional inl'orniatioii o i i  the use and design ol' sprayed-in-place polyuret hanc io;im 
insulLition and clastonwic: wcatlicr barrier inciiibranes, call o r  write us today. Futura Coilti11gs. Inc. 
also ollers at n o  cost a rool'cncrgy survey l'or building owners and operators.  - T o  iivail yourscll.ol.thi\ 
service. contact your nearest Futura C'oiititigs rcprcscntativc. 
The  following programs ilnd d a t a  ;Ire also :ii.ail;iblc: 

Tt~c~/r t i icui  Biiliivit1.v o t t  L'ii(./i Pro(1iit.i Yi~(~Iitii(~u1 .\ j ) t~c. i / i 'c . t ir ic , t i . \ .  PIiir(i1 C'oi)ipotimi .S/>r(i.i. 
A 111) Iicwt ir ) t  I Gi r id)  Pr r I ( l i i  ( ' I  K'(t I' r (it I 1. \. Pr  ),y rot I I 

OTHER SPECIALTY E L A S T O M E R I C  C O A T I N G  SYSTEMS 
In addition to the coatings outlined in this brochure, Futura Coatings manufactures a full 
line of elastomeric coatings for archltectural waterprooflng appllcatlons, waterprooflng 
and wear abraslon resistance on trafflc and pedestrian decks. Should you wlsh information 
on either of these systems, please contact us requesting lnformatlon on your area of 
Interest. 000255 
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ic*ic*ic* CASE T I T L E  ic***** 

DOSE RATE AT 81 c m  ABOVE SHIELD WITH 1404.2 C i  of Ra. 

****** GEOMETRY ( c e n t i m e t e r s )  ***+e** 

CYLINDER - V I E W  FROM END . . . . . . . . . . . . . S L A B  

****** S H I E L D  MATERIAL D E N S I T I E S  ( g / c c )  ****c*+ 

( B u i l d u p  i s  b a s e d  o n  t h e  p r o p e r t i e s  of shield :3. j  

M a. t E' I- i a 1 S o u r c e  Shield 2 S h i e l d  3 S h i e 1 . d  4. . 
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DOSE RATE 

File R e f :  - 

* * * .* ic ic 
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C'r'L1NDE:I.t VIEI*i FROT.1 END. . . . . . . . . . . SLAB 

Source  v c t l u m e  \ c u b i c  c e n t i m e t e r s )  = 1.425E-eC~9 

****** SHIELD MATERIAI -  D E N S I T I E S  < ~ / C C )  I(.****.+ 

(Eui1dcd .p  :is based o n  t h e  p r o p e r t :  5 of  - . - l i e l d  : : ; . j  

t l  c7 t e r- 1. a I. Source S h i e l d  2 S h i e l d  :5 S h i e i d  4 



5 9 7 5  

Fl. le R e f :  



. .  

CYLINDER - IJIEW FROM END.. . . . . . . . " . .  . S L A B  

****** SHIEL..D M A T E R I A L  DENSITIES ( g / c c )  icy**** 

(Ei-i.ildccp i s  based o n  t h e  properties of s h i e l d  4 . )  

Matprial S o u r c e  S h i e l d  2 S h i e l c J  3 S h i e l d  4 5 h i e j . d  CS 

Wa tvr 
A i r  
C o n c r e t e  1 . 60iI 
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IsCYtCIp2 Acti v i  t y  ( C u r i e s )  
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***)CY+ CASE T I T L E  ****** 
DO. 4TE fir a1 c m  ABOVE SHIELD WITH 2 '  RIGID IN PLACE 

*ic***i.)(. GEOMETRY ( c e n t i m e t e r s )  ****** 
C'i!-INDEFi - V I E W  FROM END.. . . . . . . . . . . .SLAB 

.*****+. SHIELD MATERIAL DE: 'ITXES ( g / c c  > )I.:-+**+ 

( E u i l d u p  i r ,  hased on t h e  p r ' d p e r t i e s  of  sft iel .-  5 . ;  

Mater-i a1 

W a. .t E r  

A i r  
C o n  c r e t. e 1 . 5i:)(:, 

Source S h i e l d  2 S h i e l d  3 S h i e l d  4 S h i e l d  5 

(1). 7 15(:)(> 
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5 9 7 s  I 

*Y+*YY CASE T I T L E  *****% 

DOSE HATE AT 81 cm ABOVE SHIELD WITH 2 '  R I I G I D  I N  FLGCE 
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B Y :  
C h e c k e d :  , - 

****** GEOMETRY ( c e n t i m e t e r s j  ****** 
CYLINDER - V I E W  FROM ENE . . . . . . . . . . . . . S L A B  

***+** SHIELD A T E R I A L  DEt\ ISITIES ( q / c c )  ***++* 
( E u i  l d u p  I S  b a s e d  o n  t h e  p r o p e r t l 2 s  of  s h i e l d  5. i 



,5975 

s c i t . ~ + * +  C k S E  T I T L E  ***Y*.Y 

DOSE RATE AT 81 cm A F O V E  S H I E L D  W I T H  b ' FIX;( I N  F'I-ACIE 

I sot o'p e 
Fi 214 
Fb 21(:) 
Fb 214 
F r l  214 
R a  22b 
F:n 222 
T h  2:;O 
1.J 2-4 
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*****ik GEOMETRY (cent1 met:.er=;i ++**** 

CYLINDER -- ' .JIEW FROM END. ,, . . . . . ,, . . . . S L A B  

***,*** SHIELD MATERIAL GElilS1TIE:S ! g / c C )  ****.*+ 
(Pi.-tiI.dup i s  based an the  properties o f  s h i e l d  4 .  > 

LJ a t €2 r- 
A i r  



'5975 
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****** GEOMETRY ( c e n t i m e t e r s )  ****** 
CYLINDER - V I E W  FROM END... .......... SLRE 

L c j c a t i n g  d i m e n s i o n s  S o u r c e  d i m e n s i o n s  S h i e l d s  
x = 3 9 7 . 2  r a d i u s  = 122Ci t ( 2 )  = 5.1 

l e n g t h  = 1 t ( 3 j  .= 2?$.7 

I n  t e g r a t  i on p a r a m e t e r  5 1:(4) = 1(>.2 
r a d i a l  i n c r e m e n t  = " 1  t . ! 5 )  = 81.2 
1 ateral i n t e r v a l  5. = 1 1 

Sol-trce v o l u m e  ( c u b i c  c e n t i m e t e r s )  = 4.676E+06 

****icy SHIELD MATERIAL DENSITIES ! g / c c )  ****** 
( B u i l d u p  is  b a s e d  o n  t h e  p r o p e r t i e s  of s h i e l d  4.) 

M a t e r  i a1 Source Shield 2 S h i e l d  Z S h i e l d  4 S h i e l d  5 

Water 
A i r  



Fage : 2 o f  2 
Fi 1 e : t:::55REGRO. OUT 0 Saved: 1 1  : 22: 29  

5 9 1 5  

: 08-19-1987 

****** SOLlRCE STFENGTH ****** 
Isotope Activity (Curies) 
Bi 214 3 .  74(:jE+(:) I 
Ph 214 3. 74(:)E+(:) 1 
Po 214 3. 740E+O 1 

2. 549E+04 
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INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

October 19, 1987 

Joe Grumski 
Westinghouse M a t e r i a l s  Company 
P. 0. Box 398704, 
C i n c i n n a t i ,  Ohio 45239 

Dear Joe: 

Th is  l e t t e r  i s  c o n f i r m a t i o n  o f  some responses t o  ques t ions  which were 
handled by te lephone d u r i n g  t h e  p a s t  few days. 

You asked about t h e  a d v i s a b i l i t y  o f  moving the damper va lves  f rom t h e  
i n l e t s  t o  t h e  o u t l e t s  o f  t h e  carbon and D r i e r i t e  beds. I checked w i t h  
Ken Atwood on t h i s  m a t t e r  and he confirmed t h a t  t h e  i n l e t  p o s i t i o n  had 
been s p e c i f i e d  as a m a t t e r  o f  convent ional  e n g i n e e r i n g  p r a c t i c e ,  b u t  f o r  
t h e  K-65 a p p l i c a t i o n  t h e r e  should be no problem i n  l o c a t i n g  them a t  t h e  
o u t l e t s .  

The o t h e r  i n q u i r y  was concerned w i t h  a requested decrease i n  s i z e  o f  p l a s t i c  
p i p e  w i t h i n  t h e  f i l t e r  house f rom 12 i n c h  t o  6 i n c h  s ize .  
t h e  e x i t  o f  t h e  Cas04 beds through t h e  carbon beds t o  t h e  ent rance o f  
t h e  f a n  was c a l c u l a t e d  u s i n g  a c o n f i g u r a t i o n  l e a d i n g  t o  t h e  g r e a t e s t  probable 
pressure drop. 

The p a t h  f rom 

The c o n f i g u r a t i o n  r e q u i r e d  d e t e r m i n a t i o n s  f o r  t h e  f o l l o w i n g  0 segments : 

1. 13 ft. o f  6 i n c h  p i p i n g  w i t h  500 cfm 
2. 36 ft. of 6 i n c h  p i p i n g  w i t h  1000 cfm 
3. 3 e l l s  o f  6 i n c h  I D  w i t h  500 cfm 
4. 4 e l l s  o f  6 i n c h  I D  w i t h  1000 cfm 

The approximate t o t a l  pressure drop i s  represented ’by  t h e  sum o f  t h e  above, 
and i s  j u s t  under 1 i n c h  o f  water  (0.82 i n .  a c a l c u l a t e d ) .  P e r r y ’ s  Chemical 
Engineer ’s  Handbook, Sec t ion  5, was used t o  o b t a i n  t h e  a p p r o p r i a t e  equat ions 
and graphs f o r  t h i s  task .  

I hope your  c u r r e n t  work on t h e  p r o j e c t  i s  p rogress ing  w e l l  and can keep 
ahead o f  t h e  e a r l y  w i n t e r  weather. 

Best regards.  

D r .  David E. Harmer 
Manager o f  Appl i e d  Technology 

- B M r - ( W  

DEH/1 t 

cc: B r i a n  F r e d e r i c k  a .  
Regional Office 

31 2 Directors Drive Knoxville. Tennessee 37923 6 15-690-32 1 1 
. .  
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" 1  
INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

,r- \.A 

October 8,  1987 

Joe Grumski 
Westinghouse Haterials Company 
P .  0. Box 398704 
Cincinnati , Ohio 45239 

Dear Joe: 

I n  the course of the review being done by ASI, a few typographic errors 
have been turned u p .  
systems which occurred when we sent our  rough copies t o  the drafting group. 
To correct these, I am enclosing "Rev. 1" pages which should be used t o  

These were the resul t  of a change in drawing numbering 

replace those pages in your copies of the report which bear the same number. 
Please discard the old pages. 

Best regards, 

a- #- 
Dr. David E .  Harmer 
Manager of Appl ied Technology 

D E H / 1  t 

Enclosure 

cc :  Bryan Frederick 

Regional Office 
3 12 Directors Drive Knoxville, Tennessee 37923 6 15-690-32 1 1 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1.0 SCOPE - 

1.1 

system as described herein. 
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 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

least 80 percent is required to ensure reduction of the radon level to below 1 

Ci in each silo in two work shifts. a 
The equipment, complete with all controls, will be installed in a temporary 
building to be erected adjacent to the K-65 silos. 

I 1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317dB.002 show the 
arrangement and capacity fo r  operation of the equipment. 

2.0 RADON REMOVAL SliSTEM 

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

The humidity 

relative humidity of the recirculated air below 40 percent. a 
000275 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1.0 SCOPE - 

1.1 

system as described herein. 
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 openi!:q the K-65 silos. Since the 
contaminated air in the silos will be recirculated, a per pass reduction of at 
least 80 oercent is required to ensure reduction of the radon level to below 1 
Ci in eac- -;ilo in two work shifts. 

These Specifications cover the furnishing a: ielivery of a rCl2on removal 
The radon removal syszem shall provide humidity 

The equipment, complete with all controls, will be installed in a tempor-ary 
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 SrSTEM 

2.1 HUMIDITY REDUCTION 

2.1.1 The Contractor shall furnis.. a suitably sized humidity reduction unit 
to treat a flow of air at 1000 cfm. The u n i t  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. 
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SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD. OHIO 

1 .O SCOPE 

1.1 
system as described herein. 

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 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

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 303317dB.002 show t h e  

arrangement and c a p a c i t y  for  o p e r a t i o n  o f  t h e  equipment. 

2.0 RADON REMOVAL SrSTEM 
\ 

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

The humidity 

relative humidity of the recirculated air below 40 percent. 0 
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 

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 s h i f t s .  

These Specifications cover the furnishing and delivery of  a radon removal 

The equipment, complete with all controls, will be installed in a temporary 
building to be erected adjacent to the K-65 silos. 

I 1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.~B.002 show the 
a r r angemen t  and c a p a c i t y  f o r  o p e r a t i o n  of the equipment .  

2.0 RADON REMOVAL SYSTEM 

2.1 HUMIDITY REDUCTION 

2.1.1 

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 4OOF. 

The Contractor shall furnish a suitably sized humidity reduction unit 

The humidity 
reduction unit should employ calcium sulfate as the removal media and reduce 
relative humidity of the recirculated air below 40 percent. 
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SPECIFICATION FOR RADON REMOVAL SYSTEM 

f o r  

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1 . O  SCOPE 

1 . 1  

system as described herein. 

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. 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

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 f o r  operation of the equipment. 

2 . 0  RADON REMOVAL SfSTEM 

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 cfrn. The unit should be sized to treat a total 
of 1,500,000 ft3 of air saturated with water vapor at 40°F. 
reduction unit should employ calcium sulfate as the removal media and reduce 
relative humidity of the recirculated air below 40 percent. 

The humidity 

NEW:DH-8(3) Rev. 1 000279 
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SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

"YE K-65 SIL SA 

of 

FEED MATERIALS PROD1'rTION CENTER 
FERNALD, 1 

1 . O  SCOPE 

1 . 1  These Specifications cover the furnishing and delivery of a radon removal 
system as described herein. The radon removal system 
removal, carbon adsorption f o r  radon removal, and a fz.: for recirculating the 

?ir being treated. The carbon adsorption units shall treat the air and reduce 
Since the 

contaminated air in the silos wiil be recirculated, a per pass reduction of - -  

311 provide humidity 

adon levels t o  cc;ncent. ztions suitable for c3ening the K-65 silos. 

a least 80 percent is required to ensure reduction of the radon l e . . e l  to belo. 
Ci in e:.:h silo in two work snifts. 

The equipment, complete with all controls, Mill be installed i n  a temporary 
building to be erected adjacent to the K-65 silos. 

I 1.2 The at,,<hed drawiags, 303317.GA.01, 303317 -.Ol and 303317.:8.002 show the 
arrangement and capacity f o r  operation of the equipment. 

2.0 RADON PCHOVAL SYSTEM 

2.1 HUMIDITY REDUCTION 

2.1.1 The C ctor ._ ;all furnish a suitably s :  -.-d hum!-. --.I reduction unit 
to treat a flun of air at 1000 cfm. The unit shoCLd be : :d to treat a total 
of 1,500,000 ft3'of air saturPLd with water vapor at 40°F. The humidity 

' reductior ,init should er-:..2y .ium sulfate as the removal media and reduce 
relative Jmidity of the recii-4Aated air below 40 percent. 

000280 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

fo r  

THE ti-65 SILO AREA 

of 

FEED MATE7IALS PRODUCTION CENTER 
FERNALD. OHIO 

1.0 SCOPE 

1. 1  These Specifications cover the furnishing and delivery of a radon removal 
system as described herein. 
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 ievels to concentrations suitable f o r  opening the K-65 s i l o s .  Since t h e  

contaminated air in the silos will be recirculated, a per pass reduction of at 

The radon removal system shall provide humidity 

a .  

least 80 percent is required to ensure reduction of the radon level to below 1 
Ci in each silo .in two work shifts. 

The equipmept, complete with all controls, will be installed in a temporary 
building to be erecteo adjacent to the K-65 silos. 

1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317.:6.002 show the 
arrangement and capacity for operation of the equipment. 

2.0 RADON REMOUAL SiSTEM 

2.1 HUMIDITY REDUCTION 

2.1.1 The Contractor shail 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. 

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

The humidity 

relative humidity of the recirculated air below 40 percent. 0 0 0 0 2 8 1 

NEW:DH-8(3) Rev. 1 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1.0 SCOPE 

1.1 

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 s i l o s .  Since the 
contaminated air in the silos will be recirculated, a per pass reduction of at 

These Specifications cover the furnishing and delivery of a radon removal 

least 80 percent is required to ensure reduction of the radon level to below 1 

Ci in each s i l 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. 

I 1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317dB.002 show the 
arrangement  and c a p a c i t y  f o r  o p e r a t i o n  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 It 1000 cfm. The unit should be sized t o  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) Rev. 1 
000282 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1 .O SCOPE - 

1 . 1  

system as described herein. 

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 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

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.OOZ show t h e  

arrangement and c a p a c i t y  f o r  o p e r a t i o n  o f  t h e  equipment. 

2.0 RADON REMOVAL SYSTEM 

2.1 HUMIDITY REDUCTION 

2 . 1 . 1  

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

The Contractor shall furnish a suitably sized humidity reduction unit 

The humidity 

relative humidity of the recirculated air below 40 percent. a 
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. 

removal, carbon adsorption f o r  radon removal, and a fan for recirculating the 
air being treated. The carbon adsorption units shall treat the air and reduce 

r; . level? to concentrations suitable for opening the K-65 silos. Since the 
cc. :ninatec air in the silos will be recirculated, a per pass reduction of at 

The radon removal system shall provide humidity 

least 80 percent is required to ensure re..-..ction of the radon level t o  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. 

I 1 . 2  The attached drawings, 303317.GA.01, 303317.F. and 303317~8.002 show the  

arrange-ent and capac i t y  f o r  ope ra t i on  o f  the equipment. 

2.0 RADON REMOVAL SXSTEM 

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 ft 3 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) Rev. 1 
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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. 

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 f o r  opening the K-65 silos. Since the 
contaminated air in the silos w i l l  be recirculated, a per pass reduction of at 

The radon removal system shall provide humidity 

least 80 percent is required to ensure reduction of the radon level to below 1 

Ci in each silo in two work shifts. e 
The equipment, complete with all controls, will be installed in a temporary 
building to be erected adjacent to the K-65 silos. 

I 1.2 The attached drawings, 303317.GA.01, 303317.F.01 and 303317:B.OOZ show the 
a r r a n g e m e n t  and c a p a c i t y  f o r  o p e r a t i o n  of the equ ipmen t .  

2.0 RADON REMOVAL SfSTEM 

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 ft 3 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. e 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD , OH IO 

1.0 SCOPE 

1 . 1  

system as described herein. 

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. Sin'ce the 
contaminated air in the silos will be recirculated, a per pass reduction of at 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

least 80 percent i s  required to ensure reduction of the radon 31 to ).relow 
Ci in each silo 1:: iwo work shifts. 

The equipment,, complete with all controls, will be installed in a temporary 
building tc 3 erected adjacenr. 3 the K-65 silos. 

; . 2  The attached drawings, 303317.GA.01, 303317.F.01 and 303317~8.002 show the 
arrangement a n d  capacity f o r  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 cr'm. 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) Rev. . 1 



SPECIFICATION FOR RADON REMOVAL SYSTEM 

for 

THE K-65 SILO AREA 

of 

FEED MATERIALS PRODUCTION CENTER 
FERNALD, OHIO 

1.0 SCOPE 

1.1 

system as described herein. 
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 

These Specifications cover the furnishing and delivery of a radon removal 
The radon removal system shall provide humidity 

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 t h e  

arrangement and c a p a c i t y  f o r  o p e r a t i o n  o f  t h e  equipment.  

2.0 RADON REMOVAL SrSTEM 

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. 
reduction unit should employ calcium sulf'ate as the removal media and reduce 

The humidity 

relative humidity of the recirculated air below 40 percent. e 



Westinghouse Materials 
Company of Ohio - FMPC 

I August 20, 1987 

Page 3 o f  13 
Page Revision Date: 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.1 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. 

0 Title: Radon Removal System SOP - 303317-01 
Installation, StartuD, Testing 
and Operating Proc *e Plant : 

4.1.2 Receive and locate one-half of the prefabricated cover (11-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.00~. 

4.1.4 Locate fan assembly per drawing 30- . B O O 2 .  

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 303317.5.002. 

4.1.7 Instail ductwork connecting silos and radon removal system as shown on , 
drawing 303317.GA.01. Provide tie downs every 40 feet to ensure the I 

i 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 



Westinghouse Materials 
Companv of Ohio - FMPC 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

Page 3 o f  13 
Page Revision Date: 

1 1 . 1 . 1  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. 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.2 lieceive and locate one-half of the prefabricated cover (11-foot by 24- 

Title: Radon Removal System sop - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant : 

Toot section) for the radon system. 
1 

4.1.3 2eceive and locate dehumidifier and activated carbon canisters in 
accordance with drawing 303317.8.002, 

Authorization: Supersedes: None 

4.1.4 Locate fan assembly per drawing 303317.8002. 

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot) 

Issue Date: 
August 20, 1987 

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 downs every 40 feet to ensure the 
integrity of the system. 

4.1.8 !lake 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. e 
NEW:DH-17 Rev. 1 
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Westinghouse Materials 
Company of Ohio - FMPC 

Page 3 o f  13 
Page Revision Date: 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.1 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. 

Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant : 

4.1.2 Receive and locate one-half of the prefabricated cover (11-foot by 24- 
foot section) for the radon system. 

Authorization: Supersedes: None 

4.1.3 Receive and locate dehumidifier and activated carbon canisters in 
I 

accordance with drawing 303317.8.002, 

Issue Date: 
August 20, 1987 

4.1.4 Locate fan assemb y per drawing 303317.B002. 

4.1.5 Locate the second 
and slide to mate 

half of the radon system cover (11-foot by 24 foot) 
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 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 



Westinghouse Materials 
Company of Ohio - FMPC 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

Page 3 o f  13 
Page Revision Date: 

4.1.1 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. 

PRODUCTION 
OPERATIONS 
PROCEDURE 0 

4.1.2 Receive and locate one-half o f  the prefabricated cover (11-foot by 24- 
foot section) for the radon system. 

Title: Radon Removal System SOP - 303317-01' 
Installation, Startup, Testing 
and Operating Procedure Plant : 

4.1.3 Receive and locate dehumidifier and activated carbon canisters in 
accordance with drawing 303317.B.002. 

Authorization: Supersedes: None 

4.1.4 Locate fan assembly per drawing 303317.B002. 

Locate the second half of the radon system cover (l'l-foot by 24 foot) 4.1.5 

Issue Date: 
August 20, 1987 

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 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. e 
NEW:DH-17 Rev. 1 



Westinghouse Materials 
Company of Ohio - FMPC 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

Page 3 o f  13 
Page Revision Date: 

4.1.1 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. 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1 I Receive and locate one-half of the prefabricated cover (ll-foot by 211- 

foot section) fo r  the radon system. 

0 Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant : 

4.1.3 Rect ?d locate dehumidifier an sctiv .ed carbon canisters in 
acco! 3 with drawing 303317.B.O(j~, 

Authorization : Supersedes: None 

4.1.4 Locate fan assembly per drawing 303317.B002. 

Issue Date: 
August 20, 1987 

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 si los  and radon removal system as shown on 

drawing 303317.GA.01. ? r q v i d e  tie dqwns e-rery 40 feet to ensure the 
integrity -.f ?he sy. 

4.1.8 -Make required electrical connections to power fan and .crumentation. 

4.1.9 Install radon monitorir .?strur; 

4.1.10 Complete placement of containers to provide shielding. 

NEW:DH-17 Rev, 1 000292 
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Page 3 of 13 
Page Revision Date: 

Title: Radon Removal System ISOP - 303317-01 
OPERATIONS PRoDUCT*ON I Installation, Startup, Testing - 

ne 
I 

Authorization: Issue Date: 
August 20, 1987 

I Supersedes : No) 

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 4-foot by 8-foot boxes filled with soil in place. 

4.1.2 Receive and locate one-half of the prefabricated cover (11-foot by 24- 

foot section) for the radon system. 

4.i.3 Receive and locate dehumidifier and activated carbon canisters in 
accordance with drawing 303317.B.002, 

4.1.4 Locate fan assembly per drawing 3033l7.8002. 

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.CA.01. Provide tie downs every 40 feet to ensure the 
integrity of the system. 

4.1.8 Make required electrical connections t o  power fan and instrumentation. 

4.1.9 Install radon monitoring instruments. 

4.1.10 Complete placement of containers to provide shielding. e 
NEW:DH-17 Rev. 1 
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Westinghouse Materials 
Company of Ohio - FMPC 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

Page 3 o f  13 
Page Revision Date: 

4.1.1 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. 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.2 Receive and locate one-half of the prefabricated cover (ll-foot by 2U- 

foot section) for the radon system. 

0 Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant: 

4.1.3 Receive and locate dehumidifier and activated carbon canisters in 
accordance with drawing 303317.B.002. 

Authorization : 

4.1.4 Locate fan assembly per drawing 303317.8002. 

Issue Date: 
August 20, 1987 

Supersedes: None 

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 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 



Company of Ohio - FMPC 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

Page Revision Date: 

4.1.1 

PRODUCTION 
OPERATIONS 
PROCEDURE 0 

4 . 1 . 2  

Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant : 

4.1.3 

Authorization: Supersedes: None 

4.1.4 

Issue Date: 
August 20, 1987 

I 
4.1.5 

4.1.6 

4.1.7 

4.1.8 

4.1.9 

Initiate installation of the radon removal system by placing a portion 
of the 4-fOOt by Q-foot by 8-foot boxes filled with soil in place. 

Receive and locate one-half of the prefabricated cover (11-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.B002. 

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.01. 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. 

4.1.10 Complete placement of containers to provide shielding. 0 
NEW:DH-17 Rev. 1 



Westinghouse Materials 
Company of Ohio - FMPC 

1 August 20, 1987 

Page 3 o f  13 
Page Revision Date: 

4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.1 Initiate installation of the radon removal system by placing a portion 
of the 4-fOOt by 4-foot by 8-foot ?::xes filled with soil in place. 

0 Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant : 

4.1.2 Receive and locate one-half of the ;--;?fabricated cover (11-foot by 24- 
foot section) Tor the radon system. 

4.1.3 Receive and locate dehumidifier and activated carbon canisters in 

accordance with drawing 303317.B.002. 

11.1 .4  Locate fan assembly per drawing 303317.8002. 

4.1.5 Locatt- ;ne second half of the radon system cover (11-foot by 24 foot) 
Complete assembly of the building and slide to mate with first half. 

halves and jack and level as required. 

4.1.6 nstall ductwork and damper connecting the dehm. -fiers, carbon 
adsorbers, and fan as shown on drawing 303317.B.002. 

4.1.7 Install ductwork connecting silos and radon remow1 system as shown on 
drawing 303317.GA.01. 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 



Westinghouse Materials 
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4.1 INSTALLATION OF RADON REMOVAL SYSTEM 

Page 3 o f  13 
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4.1.1 Initiate installation of the radon removal system by placing a portion 
of the 4-fOOt by O-fOOt by 8-foot boxes filled with soil in place. 

PRODUCTION 
OPERATIONS 
PROCEDURE 0 

4.1.2 Receive and locate one-half of the prefabricated cover (11-foot by 24- 
foot section) for the radon system. 

Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant: 

4.1.3 Receive and locate dehumidifier and activated carbon canisters in 
accordance with drawing 303317.8.002. 

Authorization: Supersedes: None 

4.1.4 Locate fan assembly per drawing 303317.6002. 

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot) 0 

Issue Date: 
August 20, 1987 

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 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. e 
NEW:DH-17 Rev. 1 
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PRODUCTION 
OPERATIONS 

Title: Radon Removal System 
Installation, Startup, Testing 

Authorization: 

4.1 INSTALLATION OF RADON REMOVAL SYSTEh 

SuperL-2des: Nc - 

ision Date: 

0 sop - 303317-01 
Plant: 
Issue Date: 
August 20, 1987 

4.1.1 Initiate installation of the radon removal system by placing a portion' 
of the 4-foot by 4-fOOt bv 8-foot boxes filled with soil in place. 

4.1.2 Receive and locate one-half of the prefabricated ccver (11-foot by 24- 
foot, section) for the radon system. 

4.1.3 Receive and locate dehumidifier and activated carbon canisters in 
accordance with drawing 30331: 3.002, 

4.1.4 Locate fan assembly per drawing 303317.8002. 

4.1.5 Locate the second half of the radon system cover (11-foot by 24 foot) 

and slide to mate with first half. :omplete assembly of the building 
halves and jack and level as required. 

' 4.1.6 Install ductwork ar damper connecting the dehumidifiers, carbon 
adsorbers, and fan I shown m drawing 303317.8.002. 

4.1.7 Install ductwork connecting silos and radon removal systza 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 power fan and instrumentation. 

4.1.9 Install radon monitoring instruments. 

4.1.10 Complete placement of containers to provide shielding. 

ooom8 
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INSTALLATION OF RADON REMOVAL SYSTEM 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.1 initiate installation of the radon removal system by placing a portion 

of the 4-fOOt by 4-foot by 8-foot boxes filled with s o i l  in place. 

Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant: 

4.1.2 Receive and locate one-half of the prefabricated cover (11-foot by 24- 
foot section) for the radon system. 

Authorization: Supersedes: None 

4.1.3 Receive and locate dehumidifier and activated carbon canisters i n .  
accordance with drawing 303317.B.002, 

Issue Date: 
August 20, 1987 

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 303317.8.002. 

4 . 1 . 7  Install ductwork connecting silos and radon removal system 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 power fan and instrumentation. 

4.1.9 Install radon monitoring instruments. 

4.1.10 Complete placement of containers to provide shielding. e 
NEW:DH-17 Rev. 1 
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INSTALLATION OF RADON REMOVAL SYSTEM 

PRODUCTION 
OPERATIONS 
PROCEDURE 

4.1.1 Initiate installation of the radon removal system by placing a portion 
of  the 4-foot by Q-fOOt by 8-foot boxes filled with soil in place. 

Title: Radon Removal System SOP - 303317-01 
Installation, Startup, Testing 
and Operating Procedure Plant : 

4.1.2 Receive and locate one-half of the prefabricated cover (11-foot by 24- 

foot section) f o r  the radon system. 

Authorization : Supersedes: None 

4.1.3 Receive and locate dehumidifie!, nd activated carbon canisters in 
accordance with drawing 303317. .002. 

Issue Date: 
August 20, 1987 

4.1.4 Locate fan assembly per drawing 303317.8002. 

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 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 t o  provide shielding. 
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5.0 ALARA R E V I E W  

A review of the work being engineered on the K-65 s i l o s  was made 
from a radiation c o n t r o l  standpoint. The following outlines the 
assumptions made and the resul ts  obtained in th i s  review. 

5 . 1  STATEMENT OF WORK 

I n  order t o  minimize releases of radon gas t o  the environment and  
t o  help s t ructural ly  support the s i l o  t o p s ,  WMCo has decided t o  inser t  
a ser ies  of foams i n t o  the void a i r  space a t  the t o p  of b o t h  s i los .  
A ventilation system w i l l  f i r s t  be instal led ;hat will reduce the 
concentration of radon gas in the void a i r  space. Then a two inch 
elastomer layer will be poured o n t o  the surface of the residues i n  
the t a n k .  A two foot thick layer of r igid foam will then be sprayed 
in the s i los .  A "caulking" layer of elastomer will then be applied 
a round  the edges of the two foot thick rigid foam inser t .  The s i lo s  
will then be f i l l ed  t o  within two fee t  of the t o p  in the center with 
flexible foam. F i n a l l y ,  the small remaining void will be f i l l e d  
with rigid foam. 

5 .2  ASSESSMENT 

Researching various documents concerning the K-65 s i l o s  and discussing 
the conditions as assessed by WMCo with project personnel, existing 
parameters were assumed for  a s i l o  t h a t  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, M I C R O S H I E L D @ ,  with the varying elastomer a n d  foam levels ,  
the dose rate a t  a point 81 cm above the center point of the idealized 
s i l o  was calculated f o r  the following conditions. 
see Appendix). 

( F o r  d e t a i l s ,  

1. Existing sludge 
2. Existing airspace 
3. Airspace evacuated, elastomer i n  place 
4. Air space evacuated, 2 '  rigid in place 
5 .  Air space evacuated, 6 '  f l ex ib le  in place 
6. All foam in place 
7 .  A l l  foam in place, new equilibrium of  Rn daughters 

A summary of t i e  dose ra tes ,  b o t h  measured currently a n d  calculated 
by MICROSHIELD are given in Table 5 . 2 . 2 .  

I n  reviewing the draf t  operating procedures and design c r i t e r i a  f o r  
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 d ra f t  procedures for  foam 
ins ta l la t ion ,  a man-millirem budget was calculated and i s  given as 
Table 5 . 2 . 4 .  



TABLE 5 . 2 . 1  
PARAMETERS FOR SILO DOSE RATE CALCULATIONS 

Basis :  

There a r e  1404.2 C i  radium i n  s l u d g e  and 37.4 C i  radon in  50% e q u i l i b r i u m  
( w i t h  d a u g h t e r s )  i n  the void a i r  space .  
a r e  a s  f o l l o w s :  

Dimensions and densities 

a .  1005.8 cm h e i g h t  from s i l o  bottom t o  exposure  p o i n t  
b .  609.6 cm d e p t h  of s ludge  a t  1 .6  grams/cc 

*c. 304.8 cm h e i g h t  o f  a i r  a t  0.00129 grams/cc 
d .  10.2 cm t h i c k n e s s  of  s i l o  dome c o n c r e t e  a t  2.300 grams/cc 
e .  8 1 . 2  cm a i r  between s i l o  dome and o b s e r v a t i o n  a t  0.00129 grams/cc 
f .  1220 cm s i l o  r a d i u s  
g .  2440 cm s i l o  d i a m e t e r  

C a l c u l a t i o n  Cases:  

1. 609.6 cm of  s l u d g e  

2 .  c 304.8 cm a i r  a t  0.00129 g/cc 

3. c 5 .1  cm e l a s t o m e r  a t  0.715 g /cc  
c 1  299.7 cm a i r  a t  0.00129 g /cc  

4. c 5 . 1  cm e l a s t o m e r  a t  0.715 g /cc  
c 1  60.96 cm foam a t  0.0318 g /cc  
c" 238.7 cm a i r  a t  0.00129 g /cc  

5.  c 5 .1  cm e l a s t o m e r  a t  0.175 g / c c  
c '  243.84 cm foam a t  0.05560 g /cc  
c"  55.82 cm a i r  a t  0.00129 g /cc  

6. c 5.1 cm e l a s t o m e r  a t  0.715 g /cc  
c '  304.8 cm foam a t  0.05085 g /cc  

7 .  Same s h i e l d i n g  as Case 6. 

*Note: c ,  c ' ,  c" - r e p r e s e n t s  a i r  h e i g h t s  a f t e r  s t a g e s  of foam placement.  

00 0 3 0 3 
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TABLE 5 , 2 , 2  

RADIATION DOSE RATES Of4 CENTER OF S I L U  

MEASURED - 250 MR/HR,  iI CONTACT 
150 MR/HR,  61 3 '  

CALCULATED - 1 9 1  M R / H R ,  61 130 CM 

CALCULATED WITH ELASTONER IN PLACE - 86 M R / H R ,  

C A L C U L A T E D  W I T H  ' A L L  FOAM I N  P L A C E  - 3 4 , 1  MR/HR I 

CALCULATED WITH ALL FOAM IN PLACE AND EQUILIBRIUM 

RE-ESTABLISHED - 7 8 , 9  M R / H R ,  

000304 
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RADObJ REMOVAL SYSTEM 
(Narrative) 

A radon treacment system is proposed using the best available cechnology which 
1s to 5e capable of safely removing accumulated and continuously generated 
radon gas within the ;<-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 becJjeen the K-65 silos and the dehumidifiersicarbon beds Located at the 
base of the berm. 

Research was done to determine the most effsctive rnechod for removing the 

radon gas-from che air space of the s i l o s .  Literature data on Radon remqval 
from air spaces tended to supporc carbon adsorption as being the most 
ef'ective. Based on a system airflow of 1000 cfrn, an initial curie contenc of 
37.4 Ci, and 10 volume turnovers, the minimum curie content thac can be 
achieved in the s i l o s  (due to continuous generacion of radon gas) is 
approximately 0 . Q  Ci. 0 A targeced final curie content for each K-65  silo is 
I Ci; however, an acceptable pre-foaming level is 4 Ci. The total amount of 
carbon required to "hold" 36.4 Ci (based on target curie concent) is estimaczi 
at 4000 lbs. The selected carbon bed arrangement for radon removal uses two 
beds sized for 500 cr̂ m operated in parallel to process I000 cfrn. Four trains 

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

Radon adsorption onto the carbon beds is much more efficient ihen the air 
moisture content is low. Thus, dehumidification will be provided by 
circulation of the contaminated air through 2 drums (500 cfm/drum) contain'ing 
calcium sulfate capable of reducing the moisture level. The amount of .calcium 

sulfate required (4000 lbs) was based on the assumption that the relative 
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 of the 
process to reduce the possibility of untreated air escaping the closed 

system. 0 Exhaust from the fan returns t o  the s i l o s ' a s  treated air. 
Sampling and analysis of the circulating gas is provided by continuous radon 

000305 
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aas aonitors locaced up and downscream of' the dehumidification and carbon 0 -  aasorpcion beds. Consiscent readings or" the targecea curie concentrations or' 
- 7 

- 
7.2 :{ lo3 pCi/L.for silo 1 and 9.1 X 103 P C i / L  f,or siio 2 will juscify 

Lsrninating the radon removal qrocess and beginning the roaming process. 
LeveLs or' 3.1 :{ 10' pCi/i for s i l o  I and 4 X 10' pCi/L for s i i o  2 are the 

aaximum allowable concencrstions prior co beginning the roaming process. 

NEW : DH-6 ( 2 ) 
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3 Y ST E M DES C R I PT I ON 
SADON REHOVAL SYSTEP 

1 .I) OBJECTIVE 
?.-.e o b j e c t i v e  o f  t h i s  document  is t o  descr ibe a s y s t e m  t o  be  i n s t a l l e d  t o  

r i n o v e  r a d o n  g a s  from s h e  v a p o r  s p a c e  or' two s o l i d  waste s i l o s  l o c a c e d  a t  t h e  

Feed Materials Production C e n t e r  i n  F e r n a i d .  Ohio. A d e s c r i p t i o n  of t h e  . 

" u n c t i o n ,  s i z i n g ,  a n d  o p e r a c i o n  or' t h i s  s y s t e m  is p r o v i d e d .  The r a d o n  

r e d u c t i o n  s y s t e m  s u p p o r t s  a l a r g e r  p r o g r a m  t o  b e  car r ied  o u t  o n  t h e  s i l o  v a p o r  

s?ace. Once r a d o n  c o n c e n t r z t l o n s  n a v e  b e e n  r e d u c e d ,  s i l o  o p e n i n g s  w i i l  b e  

m p l o y e a  t o  c o m p l e t e i y  f i l l  t h e  p r e s e n t  v a p o r  s p a c e  w i t h  a p o l y u r e t h a n e  foam 

n a t e r i a l  w h i c h  w i l l  seal t h e  s i l o ,  p r e v e n t i n g  l e a k a g e  o r  re lease of  r a d o n  g a s  

- 3  i;he e n v i r o n m e n t .  

-. 

2 . 0  S C O P E  

The r a d o n  s y s c e m  t o  be  s u p p l i e d  is c o m p l e t e  a n d  c a p a b l e  o f  s c a d - a l o n e  

o p e r a t i o n  w i t h  n o t h i n g  more t h a n  e l e c t r i c a l  s u p p l y  i n  s u p p o r t  of  o p e r a t i o n s .  

The s y s t e m  is a t e m p o r a r y  u n i t  d e s i g n e d  f o r  a n  o p e r a t i n g  1 - f ' ~  o f  5 y e a r s .  To 

:ne e x t e n t  D O S S L D ~ ~ .  t he  c o m p o n e n t s  se lec ted  f o r  cse on t h e  s y s t e m  a r e  0 
c f f - t h e - s h e l f  m a n u f a c t u r e r s  s t a n d a r d .  

3 . O  GEFINITIONS 

j. 1 CEHUMIDIFTCATION 
?recess f o r  t h e  r e m o v a l  of m o i s t u r e  from a i r .  I n  t h e  p r e s e n t  a p p i i c a t i o n ,  i t  

is a s s u m e d  t h a t  t h e  a i r  i n  e q u i l i b r i u m  w i t h  s l u d g e  i n  c l o s e d  s i l o s  is 

s a t u r a t e d  w i t h  m o i s t u r e  a t  t h e  p r e v a i l i n g  g a s  t e m p e r a t u r e  (100 p e r c e n t  

r e l a t i v e  h u m i d i t y ) .  A d e v i c e  c o n t a i n i n g  t h e  d e h u m i d i f i c a c i o n  a g e n t  c a l c i u m  

s u l f a t e ,  is p l a c e d  i n  t h e  i i n e  t o  r eac t  w i t h  m o i s c u r e  a n a  r e d u c e  t h e  

c o n c e n t r a t i o n  p r e s e n t  i n  t h e  a i r .  

3 . 2  CARBON ADSORPTION 

The  p r o c e s s  of a s s i m i l a t i n g  a s u b s t a n c e  s u c h  as r a d o n  p r e s e n t  i n  a g a s  stream 

o n  a s o l i d  c a r b o n  matrix t h e r e b y  e f f e c t i v e l y  c o n c e n t r a t i n g  t h e  r a d o n  i n  t h e  

s o l i d  p h a s e  a n d  removing  i t  from t h e  r e c i r c u l a t e d  g a s .  e 
NEW : DH-2'( 1 ) 
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- .  3:CTION C@NNECTIi\N 
. .  - I--. '"$ S I L O  conta in ing  .^?con 10 b e  proces'seci car: be shought of as  a closed 

:.sntai:er w i c h  radon i n  the  23s space i n  equ i l ib r ium w i c h  rad ium i n  che 

s lyage .  The gas muse 3e removed Cram che s i l o  chroush z v a i i a b l e  

33nnecsion.s. The s i l o s  have f i v e  manways s u i t a b l e  f o r  t h i s  purpose.  Eacn 

?anwa:/ is 20 inches i n  ciiamecer and is p r e s e n t l y  c losed  w i t h  a Flanged and  

x i c s s  cover .  I C  is  proposed co nodi:^:i the manway covers  a5 the  cap or" the  , 

siios i i t h  n e w  covers ,  ~ a c n  concaining a 6-inch duc t  type ccnnec t ion .  The 

Z2tai-s of t h i s  f i x t u r e  a r e  shown in ske tch  "9" on Drawing 303317.A.001. . .  

:dc~iz,: w i l l  b e  s x e n  from i x o  oi' t hese  6- inch connecr icns .  3 e  1.~10 

-2nnec:lons x i i i  a t tacr !  t 3  2 ;2-ir.ch succ ion  header which d i r e c t s  Flow t o  the  

rzdor. rirnovai s y s t e n .  

I:. 2 :'!STEN CONNECTIONS 

3 e  s : ic t ion  l i n e  fo r  t r s n s p o r t  o f  gas from the  silo suc t ion  connec t ions  w i l l  

se  i r - inch diamecer and ~ i i i l  be routed as skown or, Drawing 303317.G.01. I ?  

? I  - . > . '  Sehumidl'icacicn 

. : * o i s c ~ r e  removal is accompiisned by p a s s i n g  che gas  removed f r o m  a s i l o  

zhroKz% v e s s e l s  loaded wich  calcium s u l f a t e  which reaccs  u i c h  mois tdre  i n  the  

z i r !  :;"ereby accomplishing t h e  requi red  mois ture  removal. For che system 

supp i l ed?  t h e  calcium s u i f a t e  is loaded i n  t;io c a n i s t e r s .  The c a n i s t e r s  are 

28 i:czes i n  d iameter  by approximately 72 inches h igh .  Flow e n t e r s  t h e  bottom 

.3i t h e  bed through a flow d i s t r i b u t o r  and e x i t s  from the  top o f  t he  

c a n i s z s r .  Each c a n i s t e r  is capable  of process ing  u p  t o  500 cf'm or" a i r .  The 

j:iscsrn is therecore  designed t o  'sreat  up t o  1000 cfm. 

2 . 3 . 2  Carbon Adsorot ion 

?,adort is c o l l e c t e d  on a c t i v a t e d  carbon.  The carbon is loaded i n  c a n i s t e r s  

s imi l2 . r  t o  those  used i n  dehumidif icacion.  Because the  48-inch by 72-inch 

can i sc2 t - s  a r e  r a t ed  a t  500 cfm, process ing  would normally b e ' a t  500 cfm 



5975  

Zhrougn o ~ e  canister. 

2perac;on of two canisters in parzllei. 

The desired process race of 1000 cr"m is achieved by 
. ,  0 Processing W O U ~ C  ze carri4 out iincii 

. .  iniec and ouciet radon concentrations indicate carbon capacicy is being 

Znproackea. Caiculacions indicaEe Elow cjili be iiverced through additional 

,:aniszers in sequence durizg t h e  zir recirculacion operacion to achieve 
requirea reduction or".rsdon rrom 37.4 Ci to about 1 Ci in ;he recirculated 
gas. ?zur trai.ns or" carbon beds are provided t o  achieve required adsorption 

Zapacit:!. 

i i . 4  :.:,;.I 

;. Fan ;s installed in the system t o  Lake succion from the siio(s) and to draw 

;as enrough che dehumidifiers and carbon beds. The Can is locaced downstream 
,.' CP.2 ; ~ C O S ~  LO rcccce 1P.e p o s s i b i l i t v  or' 2:Ccessive mtreated gas escaping 

into :?e environmenc, After passing air Ihrougn the adsor9cion process the 

- 

\ 

- -  

?zn resiirns che air t o  che S i l o ( s ) .  The recsrn iine is . 2  inches in diamecer 

??om she Can discharze to the s i i o  dome. Ac the s i l o  dome, the ; 2  Lnch line 
spiits I r , to  2 conneceions which are 6 inches in diamecer. 
:re accacked to special manway adapters which deliver treaced air flow back to 

;he S L I D .  

The 6 inch lines 

. .  

c.5 3i;MPE?S 

&.-:e ra-Jon adsorption system I s  designed to operat? wich one set of carbon 
. ;SSSelS Z L  2 cine. iinen Gne parallel pair g ?  units is operating, ~ L L  ocher 

.:esseis are isoiatec. isoiacion is accompiisnea through t h e  use of  isolation 
A -  ilmpers locaced at che inlet of the carbon unics. The dampers selected must 

--.> 

. .  

5e capable of operation with reach rods and designed with bar seals or EPT 

seals inich limit air leakage. 

2.6 :~ISTRUMENTATI@N 

?rocess control is accomplisned using on-line monitorLng of radon gas 

c3ncenrracion.s. The radon concentrations ac the process inlet and process 

oucie: are monitorea. These process measurenencs are to be made Q s i n g  on-line 
aeasurements with an instrument such as the Eberline Model RGM-2 Radon Gas 
Yonitor or equal. 

000312 
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reduce rador! leveis i n  each of  t h e  t xo  s i l o s  Zrom 3 7 . 4  C i  c 3  Less t h a n  i C i .  

Given gas v c i ~ ~ n e s  o r  k 8 , T O O  cubic  f5ez i n  s i l o  1 and 33,71?O c u b i c  fse;  i n  s i l o  

2 .  sxrnover ziaes ar?  49 ana 39 minutes r e specc ive iy .  .Assuming : O  volume 

:urnovers ~ i i l  be requi red  t o  d i l u t e  radon concen t r a t ions  t3 t he  l e v e l  des i r ed  

f o r  s t a r t  o f  ?oam a p p l i c a t i o n  work, t h e  t o t a i  process  t imes w i l l  be 500 

m i n u t e s  (33  hours)  and 400 m i n u t e s  ( 7  h o u r s )  f o r  s i l o  and 1 ana s i l o  2 

respectivel;!. I n  a ccua i  ? r a c t i c e .  i t  is a n t i c i p a t e d  t h i s  system as proposed 

C i i i l  allow racion l e v e l s  LO be reduced t o  des i r ed  Levels i n  two s h i f t s .  

T'ce systern is operated by opening t h e  i n l e t  damper t o  a pair  of  carbon beds. 

.:. Tlow p a ~ n  I s  v e r i f i e d  :'ran the  s i l o  t o  be  processed.  through -_he 

3ehumidif isrs  and -,h? car5on v e s s e l s  t a  t h e  fan .  ??.e fan is t h e n  s c a r t e d  and 

3ir flow es t ab l i shed  thrcue;n L ? I ~  syscen. The rado:: concen:racion is monitored 

3t the  process i n l e t  and 3i the  proc2ss o u t l e c .  Data a v a i i a b i e  on carbon 

ind ica t e s  removal e f f i c i e n c y  f a r  radon is between 85 and  99 pe rcen t .  A s  i n l e t  

concentrat ion is reduced and carbon capac i ty  is beir,g used,  I t  is a n t i c i p a t e d  

t h a t  flow x i i i  be d ive r t ed  t o  a second  sec  of  carbon 5eds ' ~ 3  acz ieve  radon 0 
reduction i o  c?.e Ci~31 er ' f luenc c o n c e z t r a t i o n .  The s?cond s i l o  will be 

3rocessea b:i d i r e c t i n g  che i n i s i a i  flow -,?&rough the  ? a r t i a l l y  expended bed 

from f i n a i  g r o c e s s i z g  o f  the  f i r s t  jilo. The process  will continiie until 

: ? l e t  anc . ~ : - t : s t  Corcenir2tions 3ic-_zce  2 - - 3 ~  oed rncsc be pi3cec i n  s e r v i c e .  

The new begs t a  be c?e ra t ?d  must have inlet dampers opened and F l o w  

?scablishei before iSoi3tin;: the  e:i?endec u n i t s .  

. >  
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a a s e d  on t h e  c o n c e p s u a i  d e s i g n  p r o v i d e d  by dMCO a n d  p r a c t i c a l  a s p e c t s  o f  

a p p l y i n g  p o l y u r e t h a n e  foams f o r  t h i s  c-jpe of t r e a t m e n t ,  a method h a s  b e e n  

z e n e r a t e d  u s i n g  t h e  j e s t  a v a i l a b l e  t e c n n o l o g y  t o  s a t i s f y  t h e  m a i n  o b j e c t i v e s  

o f  t h e  p r o j e c s .  

One o f  t h e  main o b j e c s i v e s  o f  t h e  foam a p p l i c a t i o n  t o  t h e  K-65 s i l o s  is t o  

? ? h a n e e  c h e  s t r u c t u r a l  i c c e g r i t y  of t h e  t a n k  domes by p r o v i d i n g  u n d e r l y i n g  

s u p p o r t .  z o w e v e r .  !-:gid F o l y u r e t h a n e  r'oams, p a r t i c u l a r l y  low d e n s i c y  fgams, 

x i l l  e x p a n d  a n d  c o n r r z c t  c u e  t o  t h e  p h y s i c a l  a n d  c h e m i c a i  c - t u r e  or' t h e  

rrateriais.  I n  f a c t ,  Lhe c o m p r e s s i v e  s c r e n g t h  of t h e  r i g i d  T3am is e a s i l y  h i g h  

?nough t o  c a u s e  s t r u c t u r a l  damage t o  :.'le dome i f  e x p a n d e d  beyond t h e  c o n f i n e s  

. .  .. 

3f t h e  s i l o  a i r  s p a c e .  :n a d d i t i o n  c h e r e  is t h e  c o n c e r n  :kat  c o n t r a c t i o n  of 

t h e  foam c o u i d  o p e n  a v e n u e s  f o r  t h e  e s c a p e  of  r a d o n  p a s t  the foam l a y e r .  

The u s e  or' a composi r ,e  foam s y s t e m  w i l l  s a t i s f y  b o t h  of  these  c o n c e r n s .  R i g i d  

foam,  f l e x i b l e  foam, 2nd a p o l y u r e t h a n e  elastomer w i l l  b e  u s e d  i n  t h e  

c o m p o s i t e .  ?he f1e : t i j l e  p o l y u r e t h a n e  foam w i l l  be  u s e d  t o  '111 t h e  b u l k  of 

t h e  s i l o  void s?ace a n d  p r o v i d e  c u s h i o n i n g  f o r  e : i p a n s i o n  a n c  c o n c r a c c i o n  or' 

t h e  foam c o m p o s i t e  as a whole.  The  elastomer w i l l  b e  u s e d  t3 p r o v i d e  a 
r e l i a b l e  s e a l  on t h e  s u r f a c e  of  t h e  K - 6 5  r e s i d u e  f o r  r a d o n  a t t e n u a t i o n .  R i g i d  

? o l y u r e t h a n e  foam w i l l  be a p p l i e d  i n  a 2 f o o t  t h i c k  l a y e r  on t o p  of  t h e  

i l a s t o m e r  as  a s e c o n d a r y  Eadon b a r r i e r .  

5-8 f o o t  t h i c k  core  of  r i g i d  foam w i l l  b e  a p p l i e d  a t  t h e  t o p  c e n t e r  o f  t h e  

dome to  p r o v i d e  s t r u c t u r a l  s a p p o r t .  An i l l u s t r a t i o n  s n o w i n g  t h e  s e q u e n c e  o f  

foam a p p l i c a t i o n  is p r o v i d e d  i n  Drawing  No. 303317.A.004. 

I n  a d d i t i o n  a 20-30 f o o t  d i a m e t e r ,  

3 An i n d e p e n d e n t  t e s t  p e r f o r m e d  by Twin C i t y  T e s t i n g  o n  a 2 . 2 8  i b / f t  

r i g i d  foam r e s u l t e d  i n  a n  e x p a n s i o n  of 5 .07 p e r c e n t  a f t e r  a 7 d a y  a g i n g  

p e r i o d .  A t  a 6 p e r c e n t  e x p a n s i o n ,  a 15 foo t  t h i c k  l a y e r  of  foam c o u l d  e x p a n d  

t o  15.9 f e e t .  T h i s  foam h a s  a c o m p r e s s i v e  s t r e n g t h  of 20 p s i  wh ich  is e a s i l y  

e n o u g h  t o  l i f t  t h e  c o n c r e t e  dome of t h e  s i l o .  

d e n s i t y  

For t h i s  r e a s o n ,  a f l e x i b l e  

000 3 1 4  
NEW:DH-3(1) 



--.2cm ~ ^ ^  : : j i l l  be used a s  the ? r i za ry  '111 mate r i a i  f o r  the s i l o .  For enhancing 

:.?e s z r c c t u r a l  i n t e g r i t y  ac zhe cen te r  o f  the  dome, a 3000 t o  G O O 0  ? S 3  core 
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O f  

. - = - -  n ;  , j x  i'oam w i i l  b e  a?p i i ed .  ?'?e r i a i d  Toam core  w i l l  be supporLed by a 

7:inimum 3 root  thickness  o f  ?l?. : . : ibl? foam. 

- 1  .?.e elastomer layer  : d i i l  provice +,he primary b a r r i e r  f o r  radon gas .  I t  w i l l  

,e appl ied ir, a 2 inch th ick  layer  on t o p  of  the  K-65 res idue .  The ma te r i a l  

I s  moderately dense and e l a s t i c  ana is not l i k e l y  t o  expand o r  con t r ac t  

s i g n i I i c a n t l y .  in addi t ion  t o  t h e  i n i t i a l  l a y e r ,  the  eiastomer w i l l  b e  . . _ .  

. .  -Llpiied ^ ^  t a  caulk the oucer perimeter of- the  2 Foot r i g i d  foam l a y e r .  

1: an op t iona l  opera t ion .  a 2-3 inch l aye r  of r i g i d  foam w i l l  be appl ied  t o  

:?e oucside dome sur fzce  along w i t h  a n  e las tomer weather b a r r i e r .  T h i s  ou te r  

cg-ier w i l l  i z s u l a t e  the s i l o  a n i  reduce chermal expansion and con t r ac t ion  of 

:be f i l l  foam a s  well 2s rhe come concre te  s t r u c t u r e .  Xoisture c p t a k e  of t h e  

'oam is a l s o  reduced and the come s t r u c t u r e  is pro tec ted  from environmental 

ZLernents. Although the foam cover w i l l  add a small amount of weight t o  the  

5ome l i d ,  the compressive and t e n s i l e  strengr;h of the  foam w i l l  help br idge 

some o f  the !<eak spo t s  or' the  s t r u c t u r e .  
1 

S.!STEM DESCRIPTION 
Field producrion of the polyurethane foam t o  be used fo r  t h i s  p ro j ec t  d i l l  

:nvolve Eke F i x i n g  2nd pouring OF s e v e r a l  components which reacr  ana set-tip 

; i i c h i n  5 minKtes of app i i ca t ion .  The two r eac t ion  components. an aromatic  

isocyanate ana a p o l y o i ,  along w i t h  a fluorocarbon blowing a g e n z  ? r e  pumped 

2hrotigh ind iv idua i  hoses co a s c a t i c  m i x i n g  chamber located on che b u t t  o f  a 

Four Lance. The aromatic isocyanate ana poly01 a r e  combir?ed i n  a 1 : l  r a t i o  

and t h e  f luorocarbon f l o w ,  usual ly  il percent  of the t o t a l  mixture.  is 

con t ro l l ed  t o  maintain the proper dens i ty  foam. The mixture w i l l  begin t o  

reac t  immediately as i t  leaves the Lance, b u t  ! d i l l  continue t o  flow and r ise  

? D r  about 3 micutes a f t e r  reaching t h e  s u r f a c e .  Drawing No. 303317.4.002 

i l l u s t r a t e s  the  polyurethane f ro th /pour  system. 

The two r e a c t a n t s  a r e  pumped w i t h  an a i r  powered pumping u n i t  w i t h  two equal ly  

s ized proport ioning f l u i d  p i s tons .  The fluorocarbon is introduced i n t o  the  

mixing chamber u s i n g  ni t rogen pressure  t o  p u s h  i t  i n .  The maximum r a t e  of  
I 

NEW:DH-3( 2 )  
000315 
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'oam ie l iverv  is about I00 pounds per minute. The volume of foam delivered 

:..;ill .iary depending on che density of Foam des i red .  For a 2 l b i f t '  Foam, a 

-a:<imum voiume of  50 r"t3./nin can be expected. 

The f ' l r s c  s t e p  i n  :he procedure i d i l l  involve appi ica t ion  of a f a i r l y  even 2 

inch :kick layer or" elastomer. ?he material  w i l l  be applied via  the rnanways 

u s i n g  :?e lance w i t h  an ?:<tension. The extension on the lance will be 

maneuvered through the manway such tha t  i t  can be pointed i n  the desired 

direccion by the operator from above the manway. ?he elastomer w i l l  be 

appliee i n i t i a l l y  toward the s i l o  wall, quickly working toward the center o f  

:he silo to  es tab l i sh  a v i s i b l e  layer on as much surface area as possible.  

The oceraticn is repeated for each of  the four perimeter rnanways. The center  

Tanway >il l  be used only If the center of the s i l o  cannot be reached from the 

aerimezer nanways. Once che i n i t i a l  layer is appl ied.  the operator w i l l  

re'rlorx :?.e surface i f  necessary t o  increase the thickness .  Drawing 

3033i7.;..003 shows the arrangement t o  b e  used for  , h i s  operat ion.  

. .  

To confirm thorough and even appl icat ion o f  elastomer,  a remote TV camera 

along n i c h  aaequate l i g h t i n g  will be inscai lea  ac  che center manway. After 

app1yir:S che i n i t i a l  l a y e r .  the surface w i l l  be examined thoroughly by camera 

and an:, problem areas  noted. T h e  problem areas  w i l l  b e  re-worked pr ior  50 

switch-over i o  the next phase. After the touch-ilp operat ion,  the dis tance 

'-Ptweer u -  eiasEomer coacing and the come w i i l  be  desermined from various access 

points on the dome. 

determining the thickness of subsequent foam layers .  

These measurements w i l l  provide a baseline for  

The r i z i d  foam w i l l  be appiied on top of the elastomer to  a thickness of 

18-30 inches. I t  w i l l  be applied i n  the same fashion as the elastomer 

coverizg as  much surface a s  possible .  The foam progress w i l l  be viewed and 

directed by rernote TV camera. The same operation w i l l  be used to  apply the 

elastcmer caulking around the perimeter of the r i g i d  foam layer .  Measurements 

o f  d i s x n c e  between the r ig id  foam surface and the dome w i l l  be performed for  

determination of foam thickness.  

I n  the next s t e p  of the process, f l e x i b l e  foam w i l l  be used t o  f i l l  most of 

the s i l o  head space. A void space a t  the center  of the s i l o  w i l l  be l e f t  



n e a s u r i n g  29 t o  30 fee5 i n  diameter a n a  6 t o  2 fee5 d e e p  a t  she c e n t e r  of t h e  

?ome. The s i e x i b l ?  foam g i l l  b e  a p p l i e d  In a seai-remote f a s h i o n  u s i n g  

d i s p o s a b l e  C l e x i b l s  hose e x t e n s i o n s  f o r  t h e  l a n c e .  F l e x i b l e  h o s e  will b’e 

?laced i n  v a r i o u s  o p e n i c g s  o f  t h e  dome i n  a n  a r r a n g e m e n c  s u c h  t h a t  t h e  foam 

wiil f i l l  t h e  o u t e r  e d g e  05 she dome a n a  e x p a n d  tGward she c e n t e r .  The foam 

Lance  w i l l  be a t t ached  so a f l e x i b l e  hose extension a n d  l e f t  on t h e  dome as 

:he foaming p r o g r e s s e s .  4s ,he  s p a c e  f i l l s  w i t h  foam, t h e  l a n c e  w i l l  b e  moved 

so o ther  i n j e c t i o n  p o i n t s  a r o u n d  t h e  dome in a p a t t e r n  w n i c h  p r e v e n t s  t h e  

f o r m a t i o n  of’  v o i d  s p a c e s .  When t h e  f o a m i n g  is c o m p l e t e ,  t h e  f l e x i b l e  hoses 

i v . i l i  be wt  o f f  C l u s h  t o  t h e  o p e n i n g s  or“ t h e  dome. 

The  f i n a l  c o r e  o f  r i g i d  foam is a l so  a p p l i e d  i n  semi-remote f a s h i o n  f rom the 

c e n t e r  manway. L a n c e  e x t e n s i o n s  w i l l  b e  u s e d  t o  e n s u r e  3. c o m p l e t e  pour w i t h  a 

a in imum of  : lo id  s p a c e s .  Once t h e  foam a p p l i c a t , i o n  is c o m p l e 5 e ,  a l l  manways 

a n d  o the r  dome o p e n i n g s  W L L L  oe c o v e r e d .  . . .  , 

The o p t i o n a l  o u t e r  dome c o a t i n g  will be  a p p l i e d  u s i n g  s p e c i a l  s p r a y  

e q u i p m e n t .  The r i g i d  Toam l a y e r  w i l l  b e  a p p l i e d  f i r s t ,  w o r k i n g  from t h e  

c e n t e r  o f  t h e  dome toward t h e  p e r i m e t e r .  Once t h e  r i g i d  foam h a s  c u r e d ,  t h e  

s h i n  e l a s t o m e r  layer c a n  h e  a p p l i e d  



FMPC K-65 S i l o  Modification PI? (Rev. 1, 20 A L ~  8 7 )  0 
Follawing treatment, the llnximm aunnmt of Radon-222 rl- will be 

no mre than 4 ci in each of the K-65 silos. -faring to Table 1. below, 
the concentration in each silo is cdlculated as a function of the voltnae 
of the space above the residue. AS the foam is injected into the silo, it 
will displace the radon gas, forcing it aut the four ( 4 )  open manways and 
into the ambient atmsphere. The maximxu foam injection rate is 50 cfm, 
which will take place for limited (abaut seven bmr) periods. Tbis will 
result in a mximun m i s s i o n  rate of about 6.8 x IO+ ci/sec frap s i l o  1 
and about 8.6 x Ci/sec fran Silo 2. 

Table 1. Worst Case Ehission calculations 

I_ 

ITe3 UNITS s m  1 SILL) 2 

Radon Present 

Tank V O l ~  

ci 4 4 

ft3 48,700 38,700 

Concentration c i / f t 3  8.2 x 10.3 x 

~ o a m  Injection  ate ft3/min 50 50 

Rnission Rate ci/sec 6.8 x 10’’ 8 . 6  x lo” -- 



TABLE 5 .2 .1  
PARAMETERS FOR SILO DOSE RATE CALCULATIONS 

Basis:  

There a r e  1404.2 Ci radium i n  s ludge  and 37.4 Ci radon in  50% equi l ibr ium 
(wi th  daughters )  in  the vo.id a i r  space.  Dimensions and densit ies 
a r e  a s  fol lows:  

a .  1005.8 cm he ight  from s i l o  bottom t o  exposure po in t  
b .  609.6 cm depth of s ludge a t  1.6 grams/cc 

*c. 304.8 cm height  of a i r  a t  0.00129 grams/cc 
d .  10.2 cm th i ckness  of  s i l o  dome conc re t e  a t  2.300 grams/cc 
e .  81.2 cm a i r  between s i l o  dome and obse rva t ion  a t  0.00129 grams/cc 
f .  1220 cm s i l o  r ad ius  
g .  2440 cm s i l o  d iameter  

Ca 1 cul a t i  on Cases : 

1. 609.6 cm of s ludge 

2. c 304.8 cm a i r  a t  0.00129 g/cc 

3. c 5.1 cm e las tomer  a t  0.715 g/cc 
c '  299.7 cm a i r  a t  0.00129 g/cc 

4.  c 5 . 1  cm e las tomer  a t  0.715 .g/cc 
c '  60.96 cm foam a t  0.0318 g/cc 
c"  238.7 crn a i r  a t  0.00129 g/cc 

5.  c 5.1 cm e las tomer  a t  0.175 g/cc 
c ' .  243.84 cm foam a t  0.05560 g /cc  
c"  55.82 cm a i r  a t  0,00129 g/cc 

6. c 5.1 cm e las tomer  a t  0.715 g/cc 
c '  304.8 cm foam a t  0.P5B5 g/cc 

Same sh ie ld ing  a s  Case 6. 7 .  

*Note: c ,  c ' ,  c" - r ep resen t s  a i r  h e i g h t s  a f t e r  s t a g e r  of  foam placement. 

0 0 03 1 9  



TABLE 5 , z 1 2  

RADIATION DOSE RATES ON CENTER OF S I L O  

MEASURED - 250 MR/HR,  a CONTACT 

150 MR/HR,  61 3' 

CALCULATED -,191 MR/HR,  a 80 CM 

CALCULATED WITH ELASTONER IN PLACE - 86 MR/HR,  

CALCULATED WITH ALL FOAM IN PLACE - 34 I 1 MR/HR I 

CALCULATED WITH ALL FOAM IN PLACE AND EQUILIBRIUM 

RE-ESTABLISHED - 7 8 , 9  MR/HRI 

000320 
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TABLE 5,2,4 
. MAN MILLIREM ESTIMATE 

Install Containments 800 
Remove Covers 1200 
Install Covers 800 

2800 

Silo #2 

Instal 1 Duct ins 
Install TV Camera 

Operation 

Test o f  Rn System 
Radon System Operation 

Silo $1 

Ventilate 
E 1 as t omer 
Inspection 
Rigid Foam 
Inspection 
Cau 1 k 
Flexible 
Rigid 
Cleanup 
Dome Protect 

Silo #2 

Waste Transport 
Demobilization 

360 
1150 

200 
500 
190 
400 
600 

80 
150 
350 

3980 

6 9 7 5  1 
I 

2800 

2800 

240 
700 

360 
300 

3980 

3980 

50 
50 

15,260 
0003 2 1 



TABLE 5 , 2 , 3  

ALARA CONS I DERATI  ONS 

ENVIRONMENT 

0 CARBON A B S O R P T I O N  SYSTEM 

o FOAM RADON ATTENUATOR 

0 FOAM R A D I A T I O N  ATTENUATOR 

W O R K E R S  

0 TIME R E D U C T I O N  

- P R E - J O B  E N G I N E E R I N G  

- PRE-ASSEMBLE A S  MUCH A S  P O S S I B L E  O F F S I T E  

- USE OF Q U A L I T Y  WORKMEN 

- P R E - P L A N  J O B  T O  M I N I M I Z E  WORKER T I M E  ON S I L O S  

'0 DISTANCE 

- REMOVE RADON FROM S I L O  TO CARBON FOR F O A M I N G  

- K E E P  WORKERS O F F  DOMES TO T H E  M A X I M U M  E X T E N T  

O P E R A T I O N S  

P R A C T I C A B L E  

- K E E P  FOAM TRUCKS, OPS T R A I L E R ,  CONTROL ROOM 4 

AWAY FROM R A D I A T I O N  AREAS 

- REMOTE TV V I E W I N G  

o SHIELDING 

- I N S T A L L  S O I L B O X  S H I E L D I N G  AROUND V E N T I L A T I O N  

B U I L D 1  NG 

BALANCE Q U A L I T Y  (REDUCE REWORK) V S ,  DOSE R E D U C T I O N  



Silo X 1  

TABLE 5 , 2 , 4  
MAN MILLIREM ESTIMATE 

Construction 

Install Containments 
Remove Covers 
Instal 1 Covers 

Silo #2 

Install Ducting 
install TV Camera 

Cperat ion 

Test o f  Rn System 
Radon System Operalion 

Silo #1 

Ventilate 
E 1 as tome r 
Inspection 
Rigid Foam 
Inspection 
Cau 1 k 
Flexible 
Rigid 
Cleanup 
Dome Protect 

Silo #2 

Waste Transport 
Demobilization 

800 
1200 

800 
2800 

360 
1150 
200 
500 
190 
400 
600 

80 
150 
350 

3980 

5975 

2800 

2800 

240 
700 

360 
300 

3980 

3980 

50 
50 

15,260 
00 0 32 3 
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?OLYURETHANE FOAM S'iCTEM 

NARSATIVE A N D  S'ISTEIY DESCZIPTION 

YAE5.AT:1E 

3asea on she c o n c e p t u a l  d e s i g n  p r o v i d e d  by J M C O  a n d  p r a c t i c a i  a s p e c t s  of 

a p p l y i n g  p o l y u r e t h a n e  foams fo r  t h i s  t y p e  of t r e a t a e n t ,  a method h a s  b e e n  

g e n e r a t e d  u s i n g  t h e  b e s t  a v a i l a b l e  t e c h n o l o g y  t o  s a t i s f y  t h e  m a i n  o b j e c t i v e s  

.of t h e  p r o j e c + _ .  

One o f  t h e  main o b j e c t i v e s  of  t h e  foam a p p l i c a t i o n  t o  t h e  K-65 s i l o s  is t o  

e n h a n c e  she s t r u c t u r a l  i n t e g r i t y  of t h e  t a n k  domes by p r o v i d i n g  u n d e r l y i n g  

s u p p o r t .  ? o w e v e r ,  r i g i d  p o l y u r e t h a n e  foams, p a r t i c u l a r l y  low d e n s i t y  f o a m s ,  

x i 1 1  expand a n a  c o n t r a c t  d u e  t o  t h e  p h y s i c a l  a n d  chemical n a t u r e  o f  t h e  

mater ia l s .  I n  f a c t ,  t h e  c o m p r e s s i v e  s t r e n g t h  of  t h e  r i g i d  foam is e a s i l y  h i g h  

e n o u g h  t o  c a u s e  s t r u c t u r a l  damage t o  t h e  dome ir" e x p a n d e d  beyond t h e  c o n f i n e s  

o f  t h e  s i l o  a i r  s p a c e .  In  a d d i t i o n  there  is t h e  c o n c e r n  t h a t  c o n t r a c t i o n  of 

t h e  foam c o u l d  o p e n  a v e n u e s  f o r  t h e  e s c a p e  of. r a d o n  p a s t  t h e  Foam l a y e r .  0 
The u s e  0:' 3 c o m p o s i t e  foam s y s t e m  w i l l  s a t i s fy  b o t h  of  these  c o n c e r n s .  R i g i d  

foam, f l e x i 5 l e  foam, a n d  a p o l y u r e t h a n e  elastomer G i l l  be u s e d  i n  c h e  

c o m p o s i t e .  ?'he f l e x i b l e  p o l y u r e t h a n e  foam w i l l  b e  u s e d  t o  f i l l  c h e  b u l k  of  

:he s i l o  . loid s?ace a n d  p r o v i d e  c u s h i o n i n g  f4?r e x p a n s i o n  ar:d c o c c r s c c i o n  of  

t h e  foam c o m p o s i t e  as a whole. The  e l a s t o m e r  w i l l  be  u s e d  t o  p r o v i d e  a 
r e l i a b l e  sea1 on t h e  s u r f a c e  of t h e  K-65 r e s i d u e  fo r  r a d o n  a t t e n u a t i o n .  R i g i d  

p o l y u r e t h a n e  roam w i l l  b e  a p p l i e d  i n  a 2 f o o t  t h i c k  l a y e r  on t o p  or" t h e  

? lascorner  as a s e c o n d a r y  Radon b a r r i e r .  I n  a d d i t i o n  a 20-30 f o o t  d i a m e t e r ,  

8-8 foot  c h i c k  core of' r i g i d  foam w i l l  b e  a p p l i e d  a t  t h e  t o p  c e n t e r  of t h e  

dome t o  p r o v i d e  s t r u c t u r a l  s u p p o r t .  An i l l u s t r a t i o n  s h o w i n g  t h e  s e q u e n c e  o f  

foam a p p l i c a t i o n  is p r o v i d e d  i n  Drawing  No. 3 0 3 3 1 7 . A . 0 0 4 .  

An i n d e p e n d e n t  t e s t  p e r f o r m e d  by Twin C i t y  T e s t i n g  on a 2 . 2 8  l b / f t 3  d e n s i t y  

r i g i d  foam r e s u l t e d  i n  a n  e x p a n s i o n  of 5.07 p e r c e n t  a f t e r  a 7 d a y  a g i n g  

p e r i o d .  A t  a 6 p e r c e n t  e x p a n s i o n ,  a 15 foo t  t h i c k  l a y e r  of foam c o u l d  e x p a n d  

t o  15.9 f e e t .  T h i s  foam h a s  a c o m p r e s s i v e  s t r e n g t h  of  20 p s i  w h i c h  is e a s i l y  

e n o u g h  t o  l i f t  t h e  c o n c r e t e  dome of t h e  s i l o .  For t h i s  r e a s o n ,  a f l e x i b l e  

N E W : D H - 3 ( 1 )  
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?oam will be used a s  the primary 'ill ma te r i a l  f o r  t h e  s i l o .  For enhancing 

cP.e s t r u c t u r a l  integricl i  a t  tr.e cenc?r or' the  dome, a 3000 t o  d1100 ?5' core of 

r ig id  roam w i l l  be z ? ? l i e d .  

Y n i R i m u m  3 foot  thickness  of ? l ?x ib l e  foam. 

Î I 

'The r i g i i  foam c3re  w i l l  be supported by a 

The elastomer layer  w i i l  provide the primary b a r r i e r  f o r  radon gas .  I t  w i l l  

be appl ied ir! a 2 ir.ch th i ck  l aye r  on top or" t h e  K-65 r e s idue .  The mater ia l  

is moderately dense and e l a s t i c  and is not l i k e l y  t o  expand or  con t r ac t  

s i g n i f i c a n t l y .  I n  add i t ion  t o  t h e  i n i t i a l  l a y e r ,  the elastomer w i l l  b e  

applied t o  caulk the ou te r  perimeter of the  2 foo t  r i g i d  foam l a y e r .  

I n  an opt iona l  ope ra t ion ,  a 2-3 inch layer  of r i g i d  foam w i l l  be appl ied  t o  

:he oussido dome su r face  alone; w i t h  an elastomer weather 5 a r r i e r .  T h i s  ou ter  

cover w i l l  i n su la t e  the s i l o  and reduce thermal expansion and cont rac t ion  of 

:he f i l l  foam a s  weil a s  t h e  come concrete  s t r u c t u r e .  Moisture cptake or" t h e  

foam is a l s o  reduced and the  come s t r u c t u r e  is pro tec ted  from environmental 

elements. Although the roam cover w i l l  add a small amount or" weight t o  the  

dome l i d ,  t h e  compressive and t e n s i l e  s t r e n g t h  of t h e  foam w i l l  h e l p  br idge 

some o f  the weak s p o t s  or' the  s t r u c t u r e .  a 
SYSTEM CESCRIPTION 
F i e l d  production of' Lhe poiyurethane foam t o  be used  fo r  c h i s  p ro j ec t  w i l l  

I n - i o l v e  che m i x i n g  a n i  pourir,g of s eve ra l  components which reac t  and se t -up  

i i i c h i n  5 minutes of a p p i i c a t i c n .  The two reaccion components, an aromatic 

isocyanate and a polyoi ,  along With  a f luorocarbon blowing agens a r e  pumped 

through indiv idua l  hoses t o  a s t a t i c  m i x i n g  chamber loca ted  on the b u t t  of a 

pour l m c e .  The aromatic isocyanate and poly01 are combined i n  a 1 : l  r a t i o  

2nd the fluorocarbon flow, usua l ly  4 percent or" t h e  t o t a l  mixture,  is 

cont ro l led  t o  m a i n t a i n  t h e  proper dens i ty  roam. The mixture w i l l  b e g i n  t o  

reac t  immediately a s  i t  leaves  the l ance ,  b u t  will cont inue t o  flow and r i s e  

for  about 3 m i n u t e s  a f t e r  reaching the s u r f a c e .  Drawing No. 303317.A.002 

i l l u s t r a t e s  the  polyurethane f ro th /pour  system. 

The two reac t an t s  a r e  pumped w i t h  an a i r  powered pumping u n i t  w i t h  two equal ly  

s ized proport ioning f l u i d  p i s t o n s .  The f luorocarbon is introduced i n t o  the  

m i x i n g  chamber u s i n g  n i t rogen  pressure t o  push  i t  i n .  The maximum r a t e  of a 
NEW:DH-3(2) 000325 



Toam delivery is about 1i jO pounds per minute. The volume or' foam delivered 

. ; i ~ ~ ~  vary dependicg on the d e n s i c y  of  foam des i red .  For 2 2 l3;r't ' foam, a 
7 . . .  . .  0 

- 9  ..-.e firs:  sse? i n  :he procedure i . i i l 1  invoive appl ica t ion  or' a f a i r l y  even 2 

inch chick layer or' elascomer. ,he materiai  w i i l  be appiisd Iiia the manways 

, s i n g  c?.e lance w i t h  an extension. The extension on the lance w i l l  be 

naneuvered through the manway such thac i t  can be pointed i n  che desired 

i i r e c t i o n  by the operator from above the manway. The elastomer w i l l  be 

??plied i n i t i a l l y  5oward the s i i o  wail, quickly working toward the center of 

. .  . .^  

,-'-a -,.- s i i o  to  es tab l i sh  a v i s i b l e  layer on a s  much surface area a s  possible .  

The operation is repeated for  each of the four perimeter manways. The center 

nanway i i i i  5e used only I f  the cellter of the s i l o  cannot be reached from the 

ZeriTes?? nanways. 9nce che i n i t i a l  layer i s  a p p l i 4 .  che oceracor w i l l  

reworK ,ne ssrface I F  r,ecessary to  increase the 5hickness. Crawing 

~03317..:..003 shows the arrangement t a  be used for  t h i s  operacion. 

To conr':r.n thorough and even aopiicacion of elastomer,  a rernoce T'l camera 

a long  ..~izh aaequate l i g h t i n s  w i i l  be i n s t a l l e d  a t  the center manway. After 0 
applyin3 the i n i t i a l  l a y e r ,  the surface w i l l  be examined thoroughly by camera 

2nd an;j 2roblem areas  noted. The problem areas  ;Jill be ??.-worked pr ior  t o  

z;jitcn-3:;er to the ne:<r: phase. Aftsr the touch-up operat ion,  the dis tance 

lecideen 2l3sLomer coating and the come w i l l  be deternine0 from various access 

zoints  GTI the dome. These measurements w i i i  provide a baseiine for  

deterrniEing che tP.ickness oi' subsequenr, foam layers .  

7 3  :ne r i g i d  foam w i l l  be applied on top of the elastomer t o  a thickness of 

18-30 inches. I t  w i l l  be applied i n  the same fashion a s  the elastomer 

coverir?:! as much surface a s  possible .  The foam progress w i l l  be viewed and 

directed by remote TV camera. The same operation w i l l  be used t o  apply the 

elastomer caulking around the perimeter of the r i g i d  foam layer .  Measurements 

of dis tance between the r ig id  foam surface and t h e  dome w i l l  be performed for 

determination of foam thickness.  

I n  the next s tep  of the process, f l e x i b l e  foam w i l l  be used t o  f i l l  most of 

the s i l o  head space. A void space a t  the center  of the s i l o  w i l l  be l e f t  0 
NEW : DH-3( 3 )  
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-ezscring 20 t o  30 fee: i n  diamecer and 6 t o  8 fee5  deep a t  the  c e n t e r  of t h e  

trjme. The r ' l ex ib l s  foam idill be  2qpi ied i n  a semi-remoce Fasnion t i s i n g  0 
. .  : ~ s p o s a b l e  C l p x i b l j  hose exLensions f o r  t h e  l a c e .  F l e x i b i e  hose W i i l  b e  

, lacec i n  var ious  openir.gs 0:' the  c',orne i n  3n zrrangemenc such thac the  foam. 

;;ill r i i i  t he  out2.r edge o l  the  dome e:.:cand toward s h e  c e n t e r .  The foam 

iznce ~ i i l  be atcached t o  a F lex ib l e  hose excension and l e f t  on the  dome as 
:he foaming p rogres ses .  As the  space f i l l s  w i t h  foam, :he Lance w i l l  be moved 

10 ocher i n j e c t i o n  p o i n t s  around the dome ir. a pa tcern  wnich prevents t h e  

Formation of  void spaces .  When the foaming is complete ,  the  f l e x i b l e  hoses 

. . .  _ . , .  

... '.qiii k , e  c u t ' o f f  f l c s h  t 3  the  openings of  t he  dome. 

The f i n a l  core  of r i g i d  foam is a l s o  app l i ed  i n  semi-remote fashion from the 

Zencer manway. 

nninimuin or^ void spaces .  Once the  foam a p p l i c a t i o n  is  cornpleze, a l l  manways 

ana ocher c m e  openings will be covered. 

Lance excensions w i l l  be used t o  ensure  a complece ?our w i t h  a 

. .  

The op t iona l  o u t e r  dome coa t ing  w i l l  be app l i ed  u s i n g  s p e c i a l  spray 

3quipment. The r i g i d  foam l aye r  w i l l  b e  app l i ed  f i r s t ,  Jork ing  From t h e  

cen ter  of the dome toward the per imeter .  Once t h e  r i g i d  foam has cured,  t h e  0 
t h i n  elastomer l a y e r  can be app l i ed .  

000327 
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SECTION 5,O 

ALARA REVIEW 
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5.0  ALARA R E V I E W  

A review of the work being engineered on the K-65 s i lo s  was made 
from a radiation c o n t r o l  standpoint. The following outlines the 
assumptions made and the resul ts  obtained in t h i s  review. 

5 .1  STATEMENT OF WORK 

I n  order t o  minimize releases of radon gas t o  the environment a n d  
t o  help s t ructural ly  support the s i l o  tops, WMCo has decided t o  inser t  
a ser ies  of foams into the void a i r  space a t  the t o p  of b o t h  s i l o s .  
A ventilation system will f i r s t  be instal led t h a t  will reduce the 
concentration of radon gas in the void a i r  space. Then a two inch 
elastomer layer w i l l  be poured o n t o  the surface of the residues in 
the t a n k .  A two foot thick layer of r igid foam will then be sprayed 
in the s i los .  A " c a u l k i n g "  layer of elastomer will then be applied 
around the edges of the two foot thick rigid foam inser t .  The s i lo s  
will then be f i l l e d  t o  within two f ee t  of the t o p  i n  the center with 
flexible foam. Finally, the small remaining void will be f i l l e d  
with rigid foam. 

5 . 2  ASSESSMENT 

Researching various documents concerning the K-65 s i lo s  and  discussing 
the conditions as assessed by WMCo w i t h  project personnel, existing 
parameters were assumed for  a s i l o  t h a t  represents a mean condition. 
Table 5.2.1 describes the assumed exis t ing conditions. 

By inserting the parameters of Table 5.2.1 into a dose estimating 
program, MICROSHIELDa,  with the varying elastomer and foam levels ,  
the dose rate  a t  a point 81 cm above the center point of the idealized 
s i lo  was calculated f o r  the following conditions. 
see Appendix) . 
1. Existing sludge 

. 2. Existing airspace 
3. Airspace evacuated, elastomer in place 
4 .  Air space evacuated, 2 '  rigid in place 
5. Air space evacuated, 6 '  f l ex ib le  i n  place 
6. A l l  foam in place 
7 .  All foam in place, new equilibrium of Rn daughters 

A summary of  the dose rates ,  b o t h  measured currently a n d  calculated 
by M I C R O S H I E L D @  are given in Table 5.2.2. 

(For  de t a i l s ,  

, 

I n  reviewing the draf t  operating procedures and design c r i t e r i a  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 d ra f t  procedures for  foam 
ins ta l la t ion ,  a man-millirem budget was calculated and i s  given as 
Table 5 . 2 . 4 .  
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FMPC K-65 Silo  lbdification PllI (Rev. 1, 20 Aug 87) 

The maximum allowable on-site ambient radon concentration is listed in 
~ ~ ( I F R Z O ,  pgpenaix B, Table I as 3 x ci/m3. The f 0 l l m i . q  
mrst-case meteorological conditions were used to represent a consemative 
estimate of amspheric dillution (dispersion). 

W h d S p e e a =  O . S m / s  
Stability  Class = F 

Dispersion model calculations indicate that the lmxilmm annual average 
on-site concentration would occur at a distance of abaut 450 meters, and 
&d be 5.31 x 10-l' Ci/m3. This concentration is less than two 
percent (< 2%) of the ambient standard of 10 CFR 20. 

The maxirmrm allowable illlllllrdL off-site ambient radon concentration is 
listed in lOCFRz0, Appendu ' B, Table I1 as 3 x 10'' Ci/m3. The same 
worst-case meteorological conditions w e r e  used to represent a conservative 
estimate of atmspheric dillution (dispersion). 

Dispersion mdel calculations indicate that the annual average 
off-site concentration a t  the nearest fenceline (70Om) would be 
3.96 x 10-l' Ci/m3. This concentration is l3 percent of the ambient 
standard of 10 CFR 20. 

. 
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Addendum To 

Engineering Study of The K-65 Storage S i l o  Radon Mitigati.on And 
Dome Reinforcement Project A t  The Feed Materials Production Center 

Submitted By: 

I T  Corporation - Nuclear Services 
312 Directors Drive 

Knoxvi 1 l e ,  Tennessee 37923 

For:  

Advanced Sciences, Incorporated 
107-F Jefferson Avenue 

Oak Ridge, Tennessee 37830 

A u g u s t  31, 1987 



5975 
Data sheet for the specification of a fan t o  provide circulation f o r  
the radon removal system. 

1. Type: Pressure Blower 0 
2.  CFM: 1000 CFM (Nominal) 

3. Stat ic  Pressure: 17 inches H20 

4 .  RPM: 3057 

5. Electrical Power: 3 phase, 60 H,,  230/460 vol t ,  TEFC 

6. Arrangement: (Motor a n d  fan bolted t o  frame, be l t  drive w/guard 
side i n l e t ,  horizontal ou t l e t )  

7 .  V-Belt/Direct Drive: V-Belt 

8. Vibratim Isolators:  Not required b u t  can be added. 

9.  Discharge Arrangement: Optional 

10. Connection Type: Duct (Standard) 

11. Horsepower: 4.47 b h p ,  5 h p  motor 

12. Wheel size:  18 in.  

13. Maximum Physical Size: L - 41 15/16 i n . ,  W - 16 11/16 i n . ,  H = 33 7 / 8  in.  

14. Construction material: Aluminum housing a n d  wheel f o r  fan; steel  base 

15. Recomnended Vendor: Cincinnati Fan a n d  Ventilator Company 

16. Model Number: PB18 

"4 week lead time on- th i s  item 

000333 
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- Data sheet f o r  the specif icat ion of dampers f o r  the radon removal system. 

1. Type: But terf ly  

2 .  Size: 8 a t  12 i n . ,  4 a t  6 in .  0 
3. Operator Type: Marually operated via reach rod 

4. F l ange  Type and Size: Rolled s t e e l  angle,  12 i n .  and 6 i n .  

5. Lergh of Operator Shaft: Internal diameter of flange + 3 in.  2 1 i n .  

6. Construction Material 

- Sleeve: 16 GA STL 
- Frame: 11 GA STL 
- Blade: 14 GA STL 
- Axle: 1/2 in .  d iam.  STL, f u l l  length 
- Secls: 1 )  EFT 

2 )  Bar Seal 

7 .  Acceptable Leakage: 3% of rated system flow (30cfm) 

8. Recomnlended Vendor: Amcricar! Warming and Vent i la t ing,  Inc. 
P i  0. Box 279 
1310 I n d i a n  W0c.d Circle  
Maumee, Ohio 42537 
419/8C3- 5011 

9.  Model Numter: VC-561 
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Data shee t  f o r  the s p e c i f i c a t i o n  of charcoal  f i l t e r s  f o r  radon adsorp t ion  
a t  the K-65 s i l o s .  

1. CFM: 500/bed 

2. Pounds of Charcoal: 1800-1900 lbs/bed (4000 lbs .  t o t a l  r equ i r ed )  

3 .  Charcoal C h a r a c t e r i s t i c s :  Calgon PCB 10x40 (Coconut shell base)  

4 .  I n l e t  and Out le t  Locations: See Drawing 6.002 

5. Pressure Drop: Approximately 12 i n .  H20 

E .  Maximum Physical S ize :  48 i n .  x 7 2  i n .  (See Figure 8.002) 

7.  Construct ion Mater ia l :  Corrosion r e s i s t a n t  steel w i t h  s t a i n l e s s ,  s t e e l  
screen d i s t r i b u t o r  

8. Recommended Vendor:' TIGG Corporation 
Box 11661 
P i t t s b u r g h ,  P P  15228 

Contact:  Don Tigslebeck 
4 1 2/ 563- 4200 

9. Model Number: N500 DB 

Aprroxirnately 1 day t o  manufacture each u n i t .  a 
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Data sheet for  the specification of the dehumidifier for  the radon removal 
system. 

1. Air Flow: 500 cfm/bed 0 
2. Pressure Drop: Approximately 1-2 in.  H20 per bed 

3. Operating Requirements: Dry 90,OCO f t . 3  of a i r  saturated @ 40°F (100% R H )  

4. Construction Material : Corrosion res i s tan t  s teel  with s ta in less  steel  
screen d is t r ibu tor  

5. Maximum Physical Size: 48 in. x 7 2  in.  (See Figure 8.002) 

6. Type: 4 mesh Du-cal Drieri te (Calcium Sulfate f i l l e r )  

7 .  Recommended Vendor: Tigg Corporation 
Box 11661 
Pi t t s b u r g h ,  PA 15228 

Contact: Don Tigglebeck 
412/ 563- 4300 

8. Model Number: N500DB 

Approximately 1 day t o  manufacture each unit .  . .  a 
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