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Restoration Management Corporation P.0. BOX 398704 Cincinnati, Ohio 45239-8704 (513) 738-6200 

August 10, 1995 

Fernald Environmental Management Pro jec t  
Le t t e r  No. C:EC:95-0104 

Mr. Peter  S tu rdevan t ,  Compliance S p e c i a l i s t  
Air Qual i ty  Management Division 
Hamilton County Department 

of Environmental Serv ices  
1632 Central  Parkway 
Cinc inna t i ,  Ohio 45210 

Dear Mr. Sturdevant :  

RENEWAL OF PERMITS TO OPERATE AT THE FERNALD ENVIRONMENTAL MANAGEMENT PROJECT 
OEPA I D .  NOS. 1 4 3 1 1 1 0 1 2 8  P272, T 1 1 1 ,  AND T 1 1 2  

Enclosed a r e  t h r e e  FEMP Permit t o  Operate renewal app l i ca t ions  which a r e  
scheduled t o  e x p i r e  in  November 1995. 

Please con tac t  Kip Klee of  my s t a f f  a t  648-5289 i f  you have any ques t ions  about 
these  a p p l i c a t i o n s .  

Di rec tor  
Environmental Compl i ance 

TDH:KOK:mhv 
Enclosures 

c: S .  M .  .Beckman, FERMCO/MS65-2 - w/o enc losu res  
K .  0. Klee,  FERMCO/MS65-2 - w/o enc losu res  
P. R .  Kraus, FERMCO/MS67 - w/enclosures T111, T112 
P .  B.  S p o t t s ,  FERMCO/MS65-2 - w/o enc losu res  
W .  J .  Quaider,  DOE-FN/MS45 
AR Coordinator  
F i l e  Record Storage Copy 108.6 
RTS F i l e s  (PTOs P272, T111, T112) 

L'i I 



- 7.1 0 0 OHIO ENVIRONMENTAL PROTECTION AGENCY 
APPLICATION FOR A PERMIT TO OPERATE 

AN A I R  CONTAMINANT SOURCE 

' 

D . O . E .  - F e r n a l d  Fn vi ronme n t a l  Manaqgment Mr. SteDhen M .  Beck man 
Faci 1 i t y  Name 

7400 W i l l e v  Road P o s t  0 f f i c e  Box 53870 4 
Faci 1 i t y  Address Mai 1 i n g  Address  

P r o i u  Pe r son  t o  C o n t a c t  

Fe rna l  d Hami 1 t o n  45030 C i n c i n n a t i  OH 45753-8704 
C i t y  County Z i  p C i t y  S t a t e  Zi p 

5131 6 48  - 3000 513/ 648-5764 
Telephone Area Number Te lephone  

#14311101?8 - T l l l  4953 

Complete and a t t a c h  any of  the  f o l l o w i n g  a p p e n d i c e s  most a p p r o p r i a t e  t o  the a i r  
c o n t a m i n a n t  source. I n  a d d i t i o n ,  a compl i ance  time s c h e d u l e  form i s  t o  be 
a t t a c h e d  when a p p l i c a b l e .  

( A p p l i c a t i o n  no . ,  i f  t h i s  .is a renewal a p p l i c a t i o n )  

1. 

S t d .  Ind .  C l a s s .  Code 

Check as a p p r o p r i a t e  the f o l l o w i n g :  

-Appendix A ,  P r o c e s s  
-Appendix B,  Fuel -Burn ing  Equipment 
- Appendix C ,  I n c i n e r a t o r  
-Appendix D ,  S u r f a c e  C o a t i n g  o r  

P r i n t i n g  O p e r a t i o n  
L A p p e n d i x  E ,  S t o r a g e  T a n k '  
-Appendix H ,  Gasoline D i s p e n s i n g .  

Fac i  1 i t y  
-Appendix J ,  Loading R a c k  a t  Bulk 

G a s o l i n e  P l a n t  or 
Termina l  

- Appendix K ,  S u r f a c e  C o a t i n g  
Line or P r i n t i n g  Line 

-Appendix L, S o l v e n t  Metal 

-Appendix M ,  F u g i t i v e  Dust 
C1 eani ng 

E m i  s s i  on Sources  

Spec i  f y  Appendix No. 

Manufac tu r ing  

Faci 1 i t y  

-Appendix N ,  Rubber Tire  

-Appendix 0 ,  Dry C l e a n i n g  

-Appendix P , Landf i 1 1 s 
-Other Appendix 
- Compl i ance Time S c h e d u l e  

2 .  

3. 

D e s c r i p t i o n  o f  S o u r c e  (same as used on a p p e n d i x ) :  K-65 S i l o  #1 

Your i d e n t i f i c a t i o n  for  S o u r c e  (same as used  on a p p e n d i x ) :  65-001 

I ,  be ing  the i n d i v i d u a l  s p e c i f i e d  i n  Rule 3745-35-02(B) of  the Ohio 
A d m i n i s t r a t i v e  Code, he reby  a p p l y  f o r  a Permit t o  O p e r a t e  the a i r  con taminan t  
source(s )  d e s c r i b e d  h e r e i n .  A s  r e q u i r e d ,  b h f o l l o w i n g  a d d i t i o n a l  documents 
are s u b m i t t e d  as p a r t  o f  th i s  

A u t h o r i z e d  S i  g n a t u + *  
T e r e n c e  D .  Hagen 
Director Fnv i ronmenta l  ComDl i a n a  

Date 

'Pursuant t o  OAC Rule 3745-35-02(B)  ( P e r m i t  t o  O p e r a t e ) .  
O p e r a t i o n  of  a n  a i r  c o n t a m i n a n t  source w i t h o u t  a n  e f f e c t i v e  p e r m i t  t o  operate i s  

a p r o h i b i t e d  t o  3704.05 Ohio Revi s e d  Code. Page 1 E P A -'3 1 6 1 



. ' .  
FOR O F F I C I A L  'USE ONLY 

Premise No.,-/-/-/- 
. sourme No. / ' * 1 

Application No. / 

A P P F N D I X  E - ?  

DOF - FFMP 
(Faci l i ty  Name) 

O E P A  NO 1431110128 ,U 
FEMP I D  NO. 55-001 

I NORGA N I C  M ATFRIAL STOR A G E  T A N K  OR 
STORAGF T A N K  WIT H C A P A C I T Y  LFqS T H A N  40.000 G AI I ONS 

1. T a n k  ident i f ica t ion :  Name or number K-65 S i l o  #1 Date instal led,^ 
(month/yearl 

2 .  T a n k  capacity: '156.350 cubic f ee t  

3. T a n k  shape: [XI Cylindrical C 1 Rectangular 
C 1 Spherical C 1 Other, specify 

4 .  T a n k  dimensions: Diameter 80 f t ,  Height 36 f t . *  Length - - -  Width - - -  
*To the  t o p  o f  the dome i s  36ft .  The sidewall i s  27 f t .  H i g h .  

5 .  T a n k  shel l  material: C 3 Steel C 1 A l u m i n u m  [XI Other, specify Reinforced concret I- 

6. Type of t a n k :  C 1 External f loat ing roof t a n k  
C 1 Internal f loat ing roof t a n k  
[XI Fixed roof t a n k  
I: 3 Vertical cylindrical  t a n k  
[ 3 Horizontal cylindrical  t a n k  
I: 1 Pressure t a n k  
C 1 Other, specify 

7 .  Location of t a n k :  [XI Outdoors C 1 Indoors C 1 Underground 

, 8. Type of f i l l i n g :  [: 1 Splash C 1 Submerged C 3 Other, specify-- 

I f  t h i s  t a n k  i s  loca ted  outdoors and  a b o v e  ground, provide the paint c o l o r  o f  the t a n  9. 

[ 1 Aluminum (specular) C 1 Light gray [ 3 White 
[ 3 Aluminum (d i f fuse)  C 1 Medium gray [XI Other, specify N/A. 

T h e  t a n k  sidewall  i s  coated with a t a r  sealent ,  enclosed i n  a n  earthen berm. The dom 
i s  c o a t e d  with a polyurethane foam. 
Condition of paint: C 1 Good C 1 Poor N / A  

10. I f  t h i s  t a n k  i s  equipped with or vented ' t o  a vapor control system, complete ( a )  throug 
( c )  of t h i s  item. 

a )  Type of vapor control system Radon Treatment Svstem 
Manufacturer -de m 
Date i n s t a l l ed  ( m o n t h  and year) 11/1987 

b )  Date t a n k  was equipped w i t h  or vented t o  vapor control system ( m o n t h  & year) 11/19E 

c )  Specify the ra te  of emission or percent control (by weight) for any  pollutants beir 
controlled: Radon a a s .  2 . 5  Ci/vear See atac hed calculations 
( A t t a c h  calculations and t e s t  d a t a  t o  support response, unless previously submittec 

N / A  Make or model 

EPA-3851 1 o f  2 

3 



. - .  
DO E - FMP 7 1 0 0  
(Fac i l i t y  Name) 
K-65 Si lo  #1 65-001 
( t a n k  identi  f i  cat ion)  

11. Complete the t ab le  below for a n y  pressure or vacuum re l ie f  vent valve. 

Pressure Vacuum If pressure re l ie f  i s  discharged t o  a 
T Y D ~  of Vent V a l v e  Se t t  i na  Set t  i na v a  DO r co n t r o l .  i d e n t  i f v  the vanor contro 1 ,  

12.  Operational Da ta  (complete ( a )  through ( g )  of t h i s  item for a l l  materials stored or t 
be stored. A t t a c h  additional sheets i f  necessary.)  

ian Radium cake Trade Name N/A 
93 l b s / f t 3  or " A P I  Producer N / A  

a )  Material K-65 & Austral 
Dens i t y  : 

b )  Temperature of stored material: Average AMB+& O F  and Maximum " F  
( I f  temperature i s  approximately outdoor ambient temperature, write " A M B " . )  

c )  Vapor pressure of stored material (Complete i ,  i i ,  i i i  of  t h i s  item. I f  vapoi 
pressure i s  n o t  known, write " u n k n o w n " )  : 

i . )  Actual vapor pressure: None psia a t  average storage temperatur: 
None psia a t  maximum storage temperatur: 

i i . )  Reid vapor pressure: Average u n k  psi and minimum-maximum - ps 
The stored material i s  a so l id .  

i i i . )  If  material stored i s  a g a s  or l i qu i f i ed  gas, provide the pressure a 
which i t  i s  stored: psi gage  a t  "F 

d )  Type of l iqu id  organic material ( I f  the  material i s  a n  organic l iqu id  other t h a  
a gasol ine,  fuel o i l ,  kerosene, crude o i l ,  lubricant or o ther  petroleum liquid 
answer the question bel  ow. 1 

Is i t  a photochemically reactive material? C 1 Yes C 1 No 

e )  Type of waste material ( I f  the material i s  a waste, answer the question below.) 

Is i t  a hazardous waste? C 1 yes C 1 No 
I f  yes,  ident i fy  t y p e  ( E P A  hazardous waste number) 

f )  Indicate the year (or  12-month period) for  item ( 9 ) :  See n o t e  bel o W 

g )  Annual throughput of material: N / A  - See note below gallons.  

N O T E :  Radon containing material was l a s t  placed in the t a n k  in 1966. Bentonite c l e  
was placed i n  the s i l o  i n  1991 t o  minimize radon emissions. 

Completed by K i D  Klee Date 08/03/95- 

2 o f  2 



From: 

3aIe: 
Randy C. Jnnke 

Jnntinry 2 1. 199 1 

\\'~lco:cP:ou4:9 1 -ON 

D. A. W o n  
.U 

This memo serves to illustrate both the nature and 3 reasonable 
approximation to the probleni of p i m a  dose at the top of  the K-65 Silo 
dome. The lollowins inform:rtion presents the background and the 
cn]culatiom uscd to iixike n n  csrimate of the dose after bentonite has been 
3ddr.d. 

The K.65 Silos (Silos i :!nd 2.1 contain radium k n r i n g  rcsiducs. The 
radiuri- :o~~'c~itratioii in the rssidiiz is on the order of 100 - 400 nCi/g I\ ith a 
;otd imatory esrirililttd IO t r ~  aplvoxiinatelg I500 Curies per silo. The 
radium and the tlssoci;wd decay prtducts (radon. polonium, bismuth, and 
lead) emit ganinia rays (g) ;IS put oi the radioaciive decay process. These 
,e's are not emitted in every disintegration process nor is the energy of the g 
the same in each case. The ntiniber of g's and the corresponding energies is 
dependent on die dcc3y scheme of the associated radionricfide. The ene rF  
of these g's ranges from 46 Kcv to 1.76 M e V .  These g's are the principal 
contributor to the cxternai dose measured at the top of the silo dome. To 
calculate spccifica11y the dose rate that will resuit from the residues covered 
by bentonite detailed knowledge of the source its contiguntion and the 
chmcteriincs of thc shield m;itzrisI is required. 

The shield rnatenal is considered to bc both the bentonite, the air inside the 
dome hexi space. 2nd Ihe dame surface. Fizure ! illustrates the wrious 
facets oithe g !Ius problcm. These are deczribed as follows: I )  the silo 
dome XIS as a shield which is taken to be approximately 3 inches thick at 
the center. 2) the inside portion of the dome can seme to collect radon 
daughter products and theretry scmc as a secondary source of g's. 3) radon 
and [he ssociated daughter ?roducts reside in the open head space of the 
silo and Ihcrdore serve :IS .I sccondav source of 0's. 1) the kntonite 3c1s 
i s  both a shield and a scwtid:iry source due to the diffusion of radon, ani 
5 )  the principal soiirce of g:iiiiiiia ray energy is [he K-65 radium bearing 
residues. 

For the purposes of the cstiiiinte of the dose at the top of the donit the K-65 
residues are taken to bc ::niformly distributed with radium. This 
assumption reduces the cornpiexity of the g m m s  source by using an infinite 
and homgcneous planar source to approximate the K-65 residues. By 
using this approximation the gamrn3 n u x  csn be represented by a simple 
equation representing both the collided and uncollided flux. This equation 
is given below: 



1) - Silo dome acts as a shield. 

En & daughters build up on the inside 
dome surface. 

Rn & daughters build up in head spa= 

Bentonite acts as a shield to Ra g-as 
and as a reserroir for radon and daughters 

K-65 Residue is the primary source of 
gammas and is the only source of radium 

2 



7 1 0 0  

where: 

fb = uncoilided and coliidcd gnmnia flux. 
s = source strcngh. 
E1 = a function used to approxiniarc the gamma interaction inside the shield 
ma ten ai. 
An and 3 - arc coefficients of the point buildup comlauon, 
a = the perpendicular distance fronr the source to the point of exposure, 
m = mass rrbsorprion and/or ;irrsnu;ition coefficient of the shield material. 

0 = 0.0576 ot Eo (ga) mrad/hr (2) 

where: 
0 = dose nte (mnd/hr), 
f, = the total gamma flux (g's/crnl-sec). 

ma = m3ss absorption coetficisnt (crnih). 

The cdcul~tion c?f buildup this results ir, 3 source tenn muldplicxion factor 
of 0.1523. This :'mor incorporxcs the uncollided and collided prima flux 
through rhc k:itonite. T h e  reduction factor resulting from the silo dome 
struc:ure u x  tbund to be :\pp:c?ximately 0.73. The overall reduction of 
J oamnn  tlux is rhcn the product of  these wo factors which is 0.55. This 
factor niultiplkd by the source term wiU provide a final gamm3 flu. in order 
to dztcrmine he external dos-. b nte. 

= the enerz of the gainma n y  (Sfev), 

The next essenti31 requirement is 3n estimate of the source t e n .  The source 
term is the roml number of 93 emitted Fer cm2 per second. The source term 
estimate as iwll as the final flux calculations is made by less complex by 
m d i n g  st\~nl siniplifying assumptions. The tint is the averaging of the 
gamma ny energies. The second rclares IO an esdmte of the fi3ction of g's 
emitted per disintegration of r:idium and the associated daughter products. 
The third assumption is rel;ttcd to the total activity of radium and [he 
daughters and to the depth o i  residue materid which contributes IO the  
sud'~e flux. Ihe total gamma ray flux is estimated to be in the ran? of 5 x 
I O 4  to Z x 10' g/cm2-sec. This rzsuits due to contributions from the 

4 
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residues do\tw IO a depth of I SO crn 3s wcll as from ndon and its associated 
d3u$[crs. This rnngc of ;anima tlux also conches  \\ith nicrrsurcd dose 
rates nt thc top of lhc dome. The measurcd do.;': rate values ivcre in thc 
rang': of It5 to 203 nirad/hr. The !in21 estiinnrz of the dosc rate is then 
Il1aJe by cniculsrtiiig die emerging t11r.u 31 the top of the silo donx. Using the 
above calculated buildup factor the final gamtna !lux \vas found to be 3.5 x 
10' g's/cm'-sec. Using the dose equation presented the dose rate was 
found to be approximately 19 ~nrem/ht. 

The estimate of the dose rate at the dome fop was also made by 
incorporating external dose conversion factors as referenced in "A Manual 
For Implementing Residual Radioactive Material Soil Guidclines" also 
referred to ns RESRAD (DOWCW8901). The dose conversion factors 
(DCF) and the associared nictliodology provided in the above document was 
used to both supplcincnt and check the esrinlntion of tlux and dose m e  by 
inems of Eqii;itions 1 and 2 ;ibove. In  addition to the RESRAD 
lneihodoiogy ,in c s h ~ r e  of the reduction in gnmnra tlux is made by 
snlcuhting the Ilus anenuation due to hntonirz. the 3:r. 2nd tlic dome itself. 

equations die tlux ;iimu;ition is given MoN*. 

I = atrenustsd g m m a  flux, 
Io = incident giilllnla tlux, 
m/r = niass attenuation coefticicnt (cm2/g), 
r = density. 
x = thickness of shieM- 

The RESEUD method incorporates a DCF 3nd an environmental transpon 
factor (13TF). The dcpt'l i>f the K-65 residue materid reduces the ETF 10 
unity. The DCF for r3ciiirm-226 and the associated daughters is given as 
9.63 mrzndyr per pCVcm'. The range of activity of radium per gram of 
residue \vas discusscd previously and is assumed to k 600 nCb'cmj for the 
purposes of this cdcuhtion. The dose rate would then be calculated to be - 
approximately 659 nirem per hour. This estimate is [&en to be at a height 
of I meter above the surface. The estimate of the dose at the dome top must 
also take into accoirni the gamn13 artenuntion due to the air in the head space 
and the concrete in the dome itself. After these factors arc accounted for the 
dose rate was found to be approximately 19 m r e d r .  The attenuation 
factor of bentonite was found to be 88% and the si!o dome structure was 
73%. 

4 



71  0 0  

Both of the insthcds used result in estimates of the dose fate at the top of the 
silo dome to be approximately the same. The use of sevcnl different 
methods IO check results provides additional confidence in thc resuits. The 
dose nte at the top of the silo after installation of bentonite was estimated to 
be approximately 20 mrengir. 

I 

. .  - 

Operable Unit 1 

RUxj 

C: J.  R.  Craig. DOWFJIPC 
H.H. Glnssey 
L. A. Heckendorn 
S. A. Radabaugh 
W. G. Tope 
R. A. Vogd 

AR Files 

5 
c 
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DATA SHEET 

Calcukted By: R. C. Jarike 

Date: 22 January 1991 

The purpose of this calculation is to relate the addition of bentonite to 
Silos 1 and 2 to the amount of radon that will be released. The basic 
assumption is that the added bentonite w i l l  not reduce the radon 
concentration to zero. 'llic problem is then to estimate the quantity 
that n-111 be available for release. This calculation references the Data 
Sheet attachcd to Appciidis E 2  of the ;Ur Permit to Operate and 
,WREG-CR/> - 33. The incthod used to dctcrmine the I adon release 
is simi.dy a comparison of the radon flux from the bare and covered 
residuc s. 

The basic bare Ciis equation is: 

where: 

J t  = Radon flus from bare residue pCi/m2 - s 

R =.Specific ac!i:.ity of radium 

p = Residue density 

E = Radon emanation coefficient 

= Radon decay constant 

D, =Radon diffusion coefficient through the residue 

S, = Depth of residues 



i 7 1 0 0  

The !lux froin cosercd 1-csiducs is then: 

Jc = flux from covered residues pCi/in2 - s 

p = porosity 

k = water to air radon retention factor 

msl = iiioisture content 

.Q = thickness of bentonite 

See attached sheet for results of equations (1) and (2). 

These flux calculations were based on using one (1 ) foot of 
bentonite. 

J1 = 3.775 s 1 0 4  pCi/mz - s 

iL 
Jc = 7.62 x 10-3 or a 99.2496 reduction 

The currcntlyestimated release of radon is essentially 150 Ci/year per 
silo. The quantity of radon released after the bcntonite has been 
added is estimated to be: 

2.287 Ci/year for both Silos 1 and 2 

Based on the inherent uncertain ties associated with calculations of 
this nature. it would be pmdent to estimate a total inventory of radon 
released to the atmosphere to be 2.5 Ci/year for each silo with the 
total being 5.0 Ci/year. . 



?'he following is a printout of the spccific calculations made 
using thc abovc del-cnccd equations. Tlic intermediate values and 
the final flux values arc iiicluricd. It is iiiipOi-tant to note that  the 
printout uses variable naiiics and symbols wherever possibIe and there 
a re  two distinct calculation sets OIIC for the residues and one for the 
cover. 

- 
RAECOM solution of radon flux from bentonite covered tailings 
insidc the K-65 silos. The calculated'flux levels are assumed to 
revresent the radon condition inside the silos. 

D 
D 
D 
x 
R 
3 
E 
P 

constant 
X 

bare rcsidue 
1.72487E-03 

O.OG~OOE+00 
3.72187E-03 

1. I1,000E+05 
1.60000E-00 
3.50000E-01 
4 . 4 8 m E - 0  1 

2.1000CE.06 

2.10000E to 1 
1.00000Et04 

COVCI 

1.2594SE-02 
0.00000E+00 

I .?-534xE-Q-: 
2.10000E*~5 

S.80000E-0 1 

6.16000E-01 
1.70000Et01 

- 
~FLUX FROM BARE TAILINGS 

Jt 
2.77480EtOI 

[FLUS FROM COI'ERED T:WJXGS i 
I 

sqrr(lD1) 
sqrc(l. 311 

31 

i1 c 
bl 
bC 
X I  

xc 
k 
m 
M 

sqn(al/ac). 
wnh(bixt) 

a1!ac 

buc residue cover 

6.01850E-05 1.69632E-05 
3.4S92JE-02 1.29 126E-01 
5.OSZ7ZE-05 
3.3 ij09E-06 
3 .::8914 E-02 
1.29126E-01 

7.3 1 S20Et02 
3.01800Et01 
2.60000E-01 1.0134SEt00 
7.85188E-01 1.00000E+00 
2.20000E+01 7.36270EtOI 

1.12550Et00 
1.00000Et00 

1.701 98E+Ol 

JC 
2.87741E+02 

IC - s 
1.47449E+O3 
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Radon Treatme nt System 

The RTS was installed in 1987. It is currently being used as a means to temporarily reduce the 
radiation dose at the silo dome surhce. This radiation is produced by the radioactive decay of the 
residues in the silos. 

- TO operate the R'IS, PVC piping is attached to the four peripherai manholes on one of the silos, and 
a designated sa of valves are opened to establish a flow path for the ait fmm the silo thmugh the 
RTS and back into the silo (see Figure 3). The flow path from the silo fint passes through two 
calcium sulfate beds which remve the moisture from the air. The air then passes through a 
minimum of two and up to eight activatedcarbon beds which remove the radon from the air through 
an adsorption process. The filtered air is then remrned to the silo. The process wiil reduce the 
surface dose ram at the silo domes from a norninal 150 mrem/hr to less than 60 mremfhr in 
approximdy 4 hours. 

- 

The RTS operrres as a closed. recirculating system so that the radon from the silo air is continuously 
absorbed in the activated-carbon beds. m e  time estimated to exchange one volume of the silo dome 
head space is 48 and 38 minutes ior K65 Silos 1 and 2, respectively. This figure is based on a head 
space volume of 48,000 and 38,000 fP for K-65 Silos 1 and 2, respectively. 

?be RTS design assumed a 1 , W h h .  flow with an initial radon content in the silo dome head 
space of 37 Ci and a one time 10 voiume turnover for each silo. It was estimated that at least 0.4 
Ci remains in the silo domes fobwing operation of the RTS because of the continual g e n e d o n  of 
radon gas from within the residues (Gntmski 1988). 

The radon treatment building (locared immediately north of Silo 2) comains two calcium sulfate beds. 
eight accivatedcar bon beds. and two fan units. The building is surrounded by 32-inch thick concrete 
r d i n  shiddig walls made of stacked solid unmorcared blocks. Other equipment indudes the 
valves and piping used to transport the radon-laden air fiom and back to the silos. The shielding 
reduces the gamma radiation daze r a m  from the radioactive decay of the materiais collected within 
the aaivatakarbon canisten. Manual valve a d o n  rods extend through the concrete walls. 

Operarion of the RTS wiil be required prior to any activities on either of the K-65 silos, immediately 
after a visuai inspection of the system piping KO and fiom the silo to assure continuity of the gas 
movement system. 

Due to the amount of radon trapped on freshly used carbon filters and the inherent direct gamma 
radiation rate (several radshr). entry to the R'IS equipment shed is careridly conmiled by 
Radiologicai Safetv to minimize penonnei exposure. 



, . OHIO ENVIRONMENTAL PROTECTION AGENCY 71 0 8  
APPLICATION FOR A PERMIT TO OPERATE 

AN AIR CONTAMINANT SOURCE 

P . O . F . - F e r n a l d  Fnv i ronmenta l  Manaaement Mr. SteDhen M. Beckman 
Faci 1 i t y  Name P r o .i e c t  Person t o  C o n t a c t  

7400 W i l l e v  Road P o s t  Off i c e  Box 538704 
Faci 1 i t y  Address  Mai 1 i ng Address  

Ferna l  d Hami 1 t o n  45030 1 nci n n a t i  OH 45753-8704 
C i t y  County Z i  p C i t y  S t a t e  Zi p 

. .  

513/  648-3000 5131 648-5764 
Telephone  Area Number Tel ephone  

#1431110178 - T117 4953 
( A p p l i c a t i o n  n o . ,  i f  t h i s  i s  a renewal  a p p l i c a t i o n )  S t d .  Ind .  Class. Code 

1. Complete and a t t a c h  any o f  the  f o l l o w i n g  a p p e n d i c e s  most  a p p r o p r i a t e  t o  the a i r  
c o n t a m i n a n t  source. In a d d i t i o n ,  a compl i ance  t i m e  s c h e d u l e  form i s  t o  be 
a t t a c h e d  when a p p l i c a b l e .  Check as' a p p r o p r i a t e  the  f o l l o w i n g :  

-Appendix A, Process 
-Appendix 6, Fue l -Burn ing  Equipment 
-Appendix C ,  Inc inera tor  
-Appendix 0 ,  S u r f a c e  C o a t i n g  o r  

P r i n t i n g  O p e r a t i o n  
X A p p e n d i x  E, S t o r a g e  T a n k  
-Appendix H, G a s o l i n e  D i s p e n s i n g  

Faci 1 i t y  
-Appendix J ,  Loading Rack a t  B u l k  

G a s o l i n e  P l a n t  o r  
Terminal 

-Appendix K,  S u r f a c e  C o a t i n g  
Line or P r i n t i n g  Line 

-Appendix L., Sol  v e n t  Metal 

-Appendix M, F u g i t i v e  Dust 
C l e a n i n g  

E m i  ssi  on Sources  

S p e c i f y  Appendix No. 

Manufac tu r ing  

Faci 1 i t y  

-Appendix N ,  Rubber Tire 

-Appendix 0 ,  Dry C l e a n i n g  

-Appendix P , Landf i 1 1 s 
-Other Appendix 
-Compliance Time S c h e d u l e  

2 .  D e s c r i p t i o n  o f  Source  (same as used on a p p e n d i x ) :  K-65  S i l o  #7 

3. Your i d e n t i f i c a t i o n  f o r  S o u r c e  (same a s  used on a p p e n d i x ) :  65  - 007 

I ,  b e i n g  the  i n d i v i d u a l  s p e c i f i e d  i n  Rule 3745-35-02(B> of  the Ohio  
A d m i n i s t r a t i v e  Code, h e r e b y  a p p l y  f o r  
source( s )  d e s c r i b e d  herein. As 
are s u b m i t t e d  as p a r t  o f  t h i s  

Terence 0 ,  Hagen 
Director Fnv i ronmenta l  C w l  i ance 

Date 

*Pursuant t o  OAC Rule  3 7 4 5 - 3 5 - 0 2 ( 6 )  (Permit t o  O p e r a t e ) .  
O p e r a t i o n  o f  a n  a i r  c o n t a m i n a n t  source w i t h o u t  a n  e f f e c t i v e  p e r m i t  t o  operate i s  

/5- 
p r o h i b i t e d  t o  3704.05 O h i o  Rev i sed  Code. Page 1 EPA-  3161 



FOR O F F I C I A L  USE ONLY 

Premise No. / / / 
Source No. / 
Application No. / 

I NORG A N I C  MATFRIAI STOR A G F  T A N K  OR 
STORAGF T A N K  WIT H C A P A C I T Y  I FSS T H A N  40.000 G A L L O N S  

1 1 0 0  
DOF - FFMP 

(Facil i ty Name) 
O E P A  NO 1431110128 m, 

APPFNDIX F - 7  FEMP I D  NO. fim. 

K-65 S 1. T a n k  ident i f ica t ion :  Name or number i l o  #2 Date Installed 1953 
(month/year) 

2 .  T a n k  capacity: '156.350 cubic f ee t  

3. T a n k  shape:  [XI Cylindrical [: 1 Rectangular 

4 .  T a n k  dimensions: Diameter 80 f t .  Height 36 f t . *  Length - - -  Width - - -  
*To the  t o p  of the dome i s  36ft .  The s idewall  i s  27 f t .  H i g h .  

5 .  T a n k  shell  material:  C I Steel C I Aluminum [XI Other, specify Reinforced concrete 

C 3 Spherical C 1 Other, specify 

6 .  Type of t a n k :  [ 3 External f loa t ing  roof t a n k  
[ 3 Internal f loat ing roof t a n k  
[XI Fixed roof t a n k  
[ 1 Vertical cylindrical  t a n k  
C 3 Horizontal cylindrical  t a n k  
[ 1 Pressure t a n k  
C 1 Other, specify 

7 .  Location of t a n k :  [XI Outdoors C 1 Indoors C 3 Underground 

C 8. Type of f i l l i n g :  C I Splash C I Submerged C 3 Other, specify See note 0 17 

9 .  I f  th i s  t a n k  i s  located outdoors and  a b o v e  ground, provide the paint color of the t a n  

[ 1 Aluminum (specular) C 1 L i g h t  gray [ 3 White 
[ 3 Aluminum (d i f fuse)  C I Medium gray [XI Other, specify ,N/A- 

The t a n k  sidewall i s  coa ted  with a t a r  sealent ,  enclosed i n  a n  earthen berm. 
i s  c o a t e d  with a polyurethane foam. 
Condition of paint: C 1 Good C I Poor N/A 

10. I f  th i s  t a n k  i s  equipped w i t h  or vented t o  a vapor control system, complete ( a )  throug 
( c )  of t h i s  item. 

The dom 

a )  Type of vapor  control system Radon Treatment SvstPm 
Manufacturer Custom made Make or model N / A  
Date ins ta l led  ( m o n t h  a n d  year) 1111987 

b )  Date t a n k  was equipped w i t h  or vented t o  vapor con t ro l  system ( m o n t h  & year) 

c >  Specify the r a t e  of emission or percent control (by  weight) for  any  pollutants bein 
control led: Radon aas .  2 . 5  Ci /vea  r See a t a c h e d  calcu la t ions 
(At t ach  calculations and t e s t  d a t a  t o  suppor t  response, unless previously submitted 

. 
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1 1 0 0  
DOF - FMPC 
(Fac i l i ty  Name) 
K-65 Silo #7 65-007 
( t a n  k i d e n t  i f i cat i  on ) 

11. Complete the table  

TvDe 0 f Vent Valve  

N / A  

below for any  pressure or vacuum re l ie f  vent valve. 

Vacuum If pressure re l ie f  i s  discharged t o  a 
Sett ina Sett ina i d e n t  i f v  the vaDor control. 

Pressure 
vaDor control.  

12.  Operational Data (complete ( a )  through ( g )  of t h i s  item for a l l  materials stored or t 
be stored. A t t a c h  additional sheets i f  necessary.) 

ian Radium cake Trade Name N / A  a )  Material K-65 & Austral 
Density: 97 l b s / f t 3  or O A P I  Producer N / A  

b )  Temperature of stored material: Average AM628 O F  and Maximum . O F  

( I f  temperature i s  approximately outdoor ambient temperature, write " A M B " . )  

c )  Vapor pressure of stored material (Complete i ,  i i ,  i i i  of t h i s  item. I f  vapor 
pressure i s  n o t  k n o w n ,  write " u n k n o w n " )  : 

i . )  Actual vapor pressure: None psia a t  average storage temperature 
psia a t  maximum storage temperature 

i i . )  Reid vapor pressure: Average u n k  psi and minimum-maximum - psi 

None 
T h e  stored material i s  a sol id .  

i i i . )  If mater ia l  stored i s  a g a s  or l iqu i f ied  g a s ,  provide the pressure a t  
which i t  i s  stored: psi gage  a t  O F  

d )  Type of l iquid organic material ( I f  the material i s  a n  organic l iquid pther thar. 
a gasol ine,  fuel o i l ,  kerosene, crude o i l ,  lubricant or other petroleum l iquid,  
answer the question below.) 

Is i t  a photochemically reactive material? C 1 Yes C 1 No 

e )  Type of  waste material ( I f  t he  material i s  a waste, answer the question below.) 

Is i t  a hazardous waste? C 3 yes C 1 No 
I f  yes, identify type  ( E P A  hazardous waste number) 

f )  Indicate the year (or  12-month period) for  item ( ,g ) :  See note below 

g )  A n n u a l  t h r o u g h p u t  o f  material: N / A  - See note bel o w g a l  1 ons .  

NOTE: Radon containing material was l a s t  placed in the t a n k  i n  1966. Bentonite cla: 
was placed in the s i l o  i n  1991 t o  minimize radon emissions. 

Completed by K i D  Klee Date 08/03/95 

2 of  2 17 
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''om: Randy C. Jnrikc 
Sate: J n n u q  21. 1991 

D. A. Nison 
*U 

This memo serves to illustrate both the nature and 3 reasonable 
approximation to the problcni of _gamma dose at the top of the K-65 Silo 
dome. The lollowing inforniation presents the background and the 
ca1cul;iticns uscd to ni;ike an csriinate of the dose after bentonite has been 
added. 

The K-65 Silos tsilos 1 : ! i d  2 )  contain radiurii hsnnng rcsidocs. The 
m j i \ 1 i r .  :onceniration in 111s rsslduc is on the order of 100 - 400 nCi/g I\ irh a 
;ot;ll inventory esrim;itcd IO be nppoxirnnrely 1(:00 Curies per silo. The 
radium mid the associ;llsd decay prtdwts (rsdon. poloniuin. bisiiiuth, and 
lead) enlit gamma nys (2) ;IS p u t  0:' the radioxtjve decay process. These 
g's =e :?ut emitted in every disintegration process nor is the energy of the g 
the s m c  in each case. The iiuniber of g's and the corrssponding energies is 
dependent on the decay scheme of the associated rrtdionirciide. The enerQ 
of these g's ranges from 46 Kcv to 1.76 M e V .  These 2's are the principal 
conuibutor 10 the csternal dose measured at the top of the silo dome; To 
calculate specifically the dose rate that will result from the residues covered 
by bentonite detailed knowledge of the source its configuration and the 
chmcrcristics of thc shield m;ircrial is required. 

The shield materia1 is considered to bz both the benronite, the air inside the 
dome head space. and the dome surface. Figure ! ilhstrates the various 
facets oi  the g !lux problcni. n e s e  are dewibed as follows: 1) rhe silo 
dome acts as a shield which is raken to be approximately 3 inches thick at 
the center. 2) the inside portion of the dome can sewe to collect radon 
daughter products and thereby serve as a secondary source of 8's. 3) radon 
and the :ssociated daughter yoducts reside in the open head space of the 
silo and ihersfore serve :is '1 secondary source of 2's. 4) the bentonite acts 
is borh I shield and 3 scrr\nd;in. source due to the diffusion of radon, anC 
51 the principal sotirce of g:imnia ray energy i s  the K-65 radium bearing 
residues. 

For the purposes of the esiitiinte of the dose at the top of the dome the K-65 
residues arc rskzn to be siiiformly distributed with radium. This 
assumption reduces the cornpiertity of the g m m s  source by using an irifink 
and homogeneous planar source to approximate the K-63 residues. By 
usins this approsinution the gamma flux can be represented by a simple 
equation representing both the collided and uncollided flux. This equation 
is given below: 



( -  

1) - Silo dome acts as a shield 

2) - En & daughters build up on the inside 

3) - Rn & daughters build up in head spacc 

dome surface. 

4) - 

5) - 

Bentonite acts as a shield to Sa gammas 
and as a reservoir fw radon and daughters 

K-65 Residue is, the primary source of 
gammas and is the only source of radium 

2 
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7 1  0 0  

where: 

fb = uncoilided and collidcd gninma tlux. 
S = source strcngth, 
E, = ;I function used to approximate the gamma interaction inside h e  shield 
material. 
A,, and a - are coefficients of the point buildup concialion, 
a = the perpendicular distance fmni the source to the point of exposure, 
m = mass absorpiion and/or ;\itsnu;ition coefficient of the shield maisrial. 

where: 
0 = dose nte (mnd/hr), 
ft = the totai gamma flux (g's/cmkec), 

= [he energy of the g m ~ ~ ~ a  ny (>lev), 
ma = mass abzorprion coetficicnt (crn;/g). 

The c ~ l c u l ~ t i i ~ n  of buildup !Ius results ir. 3 source term multiplication factor 
of 0.4825. This <xior incol-pmes the uncoilidcd and collided gmma flux 
through the be:itoiiite. The rcduciion factor resulting from the silo dome 
smwure was found to be appmsimately 0.73. The oven11 reduction of 
c oaninia flux is then the product of these two factors which is 0.35. This 
factor niultipiicd by the source term \viU provide 3 final gamma flu. in order 
to dztcrmine he external dose me. 

'Ihe next essential requirement is an estimate of fie source term. 'Ihe source 
term is the ton1 number of ,e's emitted per cm2 per second. The source term 
estiinnte as \vel1 ;IS the final flux calculations is made by less complex by 
rnding w e m l  siiiiplifyiiis assumptions. The tint is the averaging of the  
omma n y  energies. The second rclates to an csrimate of the Fnction of g's 
&nit red per disintegration of ndium and the associated daughter products. 
The third assumption is relarco to the total activity of radium and the  
daughters and to the depth of residue materid which contributes IO the  
surface flux. The tor4 gamma ny flux is estimated to be in the range of 5 x 
104 to Z x 10s gkmz-sec. This results due to contributions from the  

3 
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residues do\\m to a depth of  i 50 cm as w e l l  ns from ndon and its associated 
d3ughtcrs. Tliis r a n g  of gniiima !lux also conches  \vith nicasurcd dose 
r;i;cs 91 thc top of the dome. The inrasurcd Jose rare wlues \ w e  in the 
range of 125 to 309 niradflir. *nie linal estiiiinte of the dosc rate is then 
ma& by cnlculating h c  ciiierging t1ti.u at the top cii the silo don=. Using the 
n h ~ e  calculated buildup factor the find gamins tlux \vas found to be 3.5 x 
10' g's/cni'-sec. Udng the dose equation presented the dose rate was 
found to be approxinntely 19 mnretnhr. 

The estimate of the dose rate at the dome top was also made by 
incorporating external dose conversion factors as referenced in "A Manual 
For implementing Residual Radioactive Material Soil G uidclines" also 
referred to as RESRAD (DOEICW8901). The dose conversion facton 
(DCT=) and the associated nictliodology provided in the above document was 
t ) s d  10 both suppleinent and check ihe estimation of tlu.. and dose nte by 
means of Eqwitions 1 and 2 ;Ibovt. In addition to the RESRAD 
inerhodology .in esriniare of' the reduction in gnnma flux is innde by 
c3lcuIating rhe Ilus aitenu;irion due to brnroniie. the 3:r. 3nd the dome itself. 
n e  cquatioiis tlic tlm ; i t~~ i ;~ t ion  is given kclo\\*. 

I = attenuated gamma flux, 
10 = incident g n m m  flux, 
m/r = niass attenuation coefticicnt (crn'lg), 
r = density. 
x = thickness of shield. 

The RESRXD method itlcorporates a DCF and an environmcnrai transport 
faaor (IITD. The depi'l .>f the K-65 residue material reduces the ETF to 
unity. l3e DCF for ratiiam-126 and the associated daughtcrs is given as 
9.63 mrzdyr  per pCi/cm'. The range of activity of radiuni per gram of 
residue was discussed previously and is assumed to tx 600 nCii.rnj for rhc 
purposes of this calculation. The dose rate would then be calculated to be- 
approximately 659 nirem per hour. This estimate is tzken to be at a heisht 
of 1 meter above the surface. 'nie estimate of the Jose at the donie top musf 
also lake into account the giunma attenusriion due to b e  air in the head space. 
and the concnre in the donie iiself. After these factors are accounted for the 
dose rate was found to be approximateiy 19 mrem/hr. The attenuauon 
factor of bentonite \\*as found 10 be 88% and the si!o dome structure was 
739. 

4 
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Both of the i~icihds used result in estimates of the dose rate at the top of the 
silo dome io be approximately the same. The use of several different 
methods to check results provides additional confidence in the results. The 
dose me at the top of rhe silo after installation of bentonite was estimated to 
be npproximntely 20 mrengir. 

/ 

R. C‘Janke- 
Operable Unit 1 

RU:rcj 

C: J. R. Craig, DOWF3IPC 
H.H. Glnssey 
L. A. Heckendom 
S. A. Radabaugh 
W. G. Tope 
R. A. Vogcl 

AR Files 

c 

5 



DATA SIiEET 

. .  

Calculated By: R. C. Jarike 

Date: 22 January 1991 

The purpose of this calcuiation is to relate the addition of bentonite to 
Silos 1 and 2 to the amount of radon that will be released. The basic 
assumption is that the added bentonite w i l l  not reduce the radon 
concentration to zero. ' [ ~ I c  1)roblern is then to estimate the quantiq 
that \\-ill be available for release. This calculation references the Data 
Sheet attachcd to Appciidis E2 of the Air Permit to Operate and 
,WREC-CR/Z 3 33. The iiicthod uusd to dctcrmine the iadon release 
is siml~iy a coriiparison of the radon flux from the bare and covered 
residuc s .  

n i e  basic bare Ciis equation is: 

J, = 1 O ~ R ~ E , ~  j. ,.D,tanh*, 

where: 

JI = Radon flus from bare residue pCi/m2 - s 

R = Specific ac:i;ity of radium 

p = Residue density 

E = Radon emanation coefficient 

A = Radon decay constant 

D, =Radon diffusion coefficient through the residue 

s, = Depth of residues 



nle ilux from cosei-cd rcaidues is then: 

Jc = flux from coi-ered residues pCi/in2 - s 

bc - -G 

p = porosity 

k = water to air radon retention factor 

met = moisture content 

.q = thickness of bentonite 

See attached sheet for results of equations (1) and (2). 

These flux calculations were based on using one (1 ) foot of 
bentonite. 

Jt = 3.775 s 10.1 pCi/nlZ - s 

Jc = 2.877 x 102 pCi/m2 - s 

iL 
Jc = 7.62 x 10-3 or a 99.21% reduction 

The currently estimated release of radon is essentially 150 W y e a r  per 
silo. The quantity of radon released after the bcntonite has been 
added is estjmated to be: 

2.287 Ci/year for both Silos 1 and 2 

Based on the inherent uncertainties associated with calculations of 
this nature. it would be pmdent to estimate a total inventory.of radon 
released to the atmosphere to be 2.5 Ci/year for each silo with the 
total being 5.0 Ci/year. 



i . .  

' M C O M  solution of radon flu from bentonite covered tailings 
inside the K-65 silos. The calculated flu levels are assumed to 
represent the radon condition inside the silos. . 

The following is a printout of thc spccific calculations made 
using t hc abovc refcrcnccd equations. TIic intermediate values and 
the final Ilux values arc iiicluricd. It is important to note that the 
printout uses variable naiiics arid symbols whercser possibIe and tlicre 
are two distinct calculation sets onc for thc rcsidues and one for the 
cover. 

# Jt 
3.77480E+W 

sqn(ar/ac) . 4.12SSOE+00 
bnhfitxt) l.OOOOOE+00 

3t!rlc 1.70198E+Ol 
IFLUX FROM COI'ERED T:\ILlSGS i 
I I 

.Jc 
2.8771JEtO2 
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Radon Trearme nr S v s w  

. - _  

The RTS was installed in 1987. It is currently being used as a mearu to temporariiy reduce b e  
radiation dose I the silo dome Suriace. This radiation is produced by the radioactive decay of the 
residues in the silos. 

To operate the RTS, PVC piping iS attached to the four peripheral manholes on one of the silos, and 
a designated sct of valves are o p e d  to establish a flow pzrrh for the air fmm the silo through the 
RTS and back into the silo (see Figure 3). The flow path h m  the d o  first pastes through two 
dcium suifate beds which remove the moisture from the air. The air then passes through a 
miuimum of twu and up to eight activated-carbon bads which remove the radon from the air through 
an adsorptionprocess. The filtered air is then returned to the silo. The process wiil reduce the 
surface dose rates at the silo domes from a nominal 150 mrem/hr to less than 60 mran/hr in 
approximately 4 hours. 

The RTS openres as a closed. recirculating system so that the radon from the silo air is continuously 
absorbed in the activated-carbon beds. The time estimated to exchange one volume of the silo dome 
head space is 48 and 38 minutes for K45 Silos 1 and 2, respectiveiy. This figure is based on a head 
space volume of 48,000 and 38,000 ft' for K-bS SiIos 1 and 2, respectively. 

1 

The RTS design assumed a 1,oooft'lmin. flow with an initial radon content in the silo dome head 
space of 37 Ci and a one time 10 volume turnover for each silo. It was estimated that at least 0.4 
Ci remains in the silo domes following operation of the RTS because of the continual generation of 
radon gas from within the residues (Gntmski 1988). 

The radon trument building (locared immediately nod of Silo 2) contains two calcium sulfate beds. 
eight auivadcarbon beds, and two fan units. The building is surrounded by 32-inch thick concrete 
radiation shidding wails made of stacked solid umnonared blocks. Other equipment inciudes the 
valves and piping used to transport the radon-laden air from and back to the silos. The shielding 
reduces the gamma radiation dose rates from the radioactive decay of the materials collected within 
the acuvatcddon Canisters. Manual valve aarrtinn rods extend through the concrete walk. 

Operation of the RTS wiil be required prior to any activities on either of the K-65 silos, immediately 
after a visuai inspection of the system piping to apd from the silo to assure continuity of the gas 
movement system. 

Due to me amount of radon trapped on freshly wd carbon filters and the inherent direct g- 
radiation rate (several radshrt, entry to the RTS equipment shed is carefully conmiled by 
Radiologicat Safety to minimize personnel exposun. 




