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In response to Item 8 of the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA) Section o f  the Federal Facilities 

Compliance Agreement between the Department of Energy (DOE) and the 

Environmental Protectton Agency (EPA), the Feed M8tethl s Production Center 

(FIJPC) has prepared a Feaslbility Invattigation (FI) that evaluates 

alternatives for the control of radon emitslons frm the K-65 Silos. 

The alternatives considered in the FI for tha control of radon emissions 

include water column absorptlon, solid media adsorption, void space filling 

and teaperrture control. The four alternatives were evaluated and ranked on 

the criteria of environmental acceptabillty, reliability/operabllity, 

implementation ti-, and cost. 

8 r s d  upon tha rnrlyrls presented in the F I ,  the FUR is within all applicable 

DOE and EPA guidellnes and regulations for tho emlssion of radon from the K-65 

Silos. Houavw, it is tho fHK’s  goal to continue to meet the dose standards 

in Subpart A of 40 CFR 191 (Environmental Standards for the Management and 

Dlsposrl o f  Spent Nuclear Fuel, High-Level and Transuranic Radloactlve Waste) 

and therefore additional radon control 1s rec-nded. 



4 4 4 0  

Specifically, the FHPC recomends that flnal detailed design for tho system to 

flll the vold space I n  the K-65 Silos with foam, includlng a temporary solid 

&la adsorptlon system to treat the Initlal displaced radon gas be completed 

and the system Installed and operatlonrl by tho end of November, 1987. In 

addltion, the FnPC reconmends that completion o f  tho weatherproofing project 

be Initlatad after the sllos are fllled; as soon as the weather pernlts. 



1.0 INTROWTIOM 

Yestinghouse Materials Company of Ohio (WHCO) operating under its prime 

contract with the United States Department of Energy ( O O E ) ,  coordinates 

activities, including waste management, at the Feed Materials Production 

Center (FHPC) located in Fernrld, Ohio. 

As part of the comprehensive waste management and environmental program for 

the FMPC, speclfic alternatives are being developed and evaluated for the 

final disposition of the low-level radiorctive waste inventory currently 

stored at the site. The Waste Storage Areas under evaluation in this program 

consist o f  six storage pits, the clear wall, the burn pit, two fly ash piles, 

and adjoining areas (Figure 1.0-1). 

This feasibility Investigation ( F I )  evaluates alternatives that could be 

utilized to nitlgate radon missions froa the two concrete silos in the Waste 

Storage Area which contain K-65 residues (Figure 1.0-2). The FI consists of a 

description of the K-6S Silos  and the residues, current structural status, 

sumarjes of both the Honsanto-Hound and FHK Environmental Monitoring Reports 

as related to radon missions, an evaluation o f  radiation doses associated 

with radon releaser, a discussion of the pressure and temperature monitoring 

of the silos, an evaluation of the alternatives considered, and 

reconmendations relating to the a1 ternatives. 
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The prlmry o b j u t l v e  o f  the F f  I s  t o  ldent l fy  If rddlt lonal  radon wlsslon 

controls are necessary for the K-65 S l l o s  and recormnd the bast evaluated 

al ternat ive If rddl t lonr l  controls a n  rqulnd. The Inter im controls w w l d  
be necessary u n t i l  the ongolng Remedial I n v e s t l g r t l o n / F e a s l b l l  l t y  Study 

( R I / F S )  can be evaluated and a l t e t n a t l v e s  Impleaented ( 3 - 5  y e a r s ) .  The 

purpose o f  the RI/FS I s  t o  chr r rc ter l te  the FUR s l t e  through sampling and 

onalysls t o  Identlfy elements requlrlng remedlatlon efforts. 
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2.1 I n f w  

The two K-68 Silos, located on the west side of the fernald site, were 

constructed in 1951 and 1952. The silos ara used for storage o f  radium 

bearing residues, a by-product of uranlua ore processing. n e  s i lo s  are 

of cylindrical concrete constructlon, 80' feet In diameter and 

approximately 27 feet high. The silo domes ware originally designed to 

be 8 inches thick at the d m  wall tapering to 4 inches thick at the 

center. figure 2.0-1 shows the major structural detalls of the K-65 

5110s. 

The walls were post-tensioned reinforced with 0.162 inch diameter wire 

stressed to 140,000 pounds per square inch (PSI) (with assumed 30% 

loss, for a design stress o f  100,000 PSI ) .  These post-tensioning wires 

were covered by a 3/4 inch thick gunite coating. The minimum 28-day 

compressive strength used was 4500 PSI for the dome and walls and 3000 

PSI for the f l o w  and footing. The maximum allowable soil pressure was 

4000 painds per square foot (PSF) . 

The sllor wen designed to be loaded with the metal oxides i n  slurry 

form at a maximum rate of 8000 gallons per day. The radioactive 

residues were allowed to settle and the water was decanted, leaving a 

sludge with a density of 100 pounds per cubic foot (PCF) and angle of 

repose o f  0 degrees. The maximum allowable height o f  solid material was 

23 feet and the water was decanted to a plant to be reused i n  t h e  

production o f  additional slurry. 

- 
3 
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In 1963, the silos were showlng signs of exterior surface deterioration. 

Large areas of spall ing occurred in the exterior surface gunite coating, 

particularly on the north tilo, leaving post-tensioning wires exposed t o  

weather. Subsequently, patches o f  the wires became severely corroded 

and broken. Various options ware investigated as remedial rctlons for 

the silos. Repairs began in 1964 by first chipping away all loose 

gunite material and then patching the surface with 3/1 inch coat o f  

cement mortar. After the gunite was repaired, and a waterproofing 

sealant was applied to the external silo walls, an earth embankment uas 

built to the top of the wall on a one and one-half to one (1-1/2:1) 

slope (horizontal :vertical). The earthen embankment was to provide 

re1 ief froa tensile stress within the walls by counterbalancing the load 

from the internal contents, since the broken wires were not replaced. A 

soil was chosen with roughly the same density (125 PCF) as the contents 

of the silos (100 PCF). Additional purposes of the embankment were to 

provlde weather protection and .to reduce the radon emission from the 

silos, and to reduce direct radiation doses from the silos. 

All o f  the vents on the silos were sealed in 1979 in an attempt to 

reduce radon anisslons from the silos. In the subsequent years problems 

with sol1 eroslon on the soil embankmnt were frequent. The eroded 

areas were repalred, but with heavy rains the problem reoccurred. In 

1983, the embankment was enlarged to achieve a 3:l slope. No further 

evidence o f  large scale erosion has occurred. 

7 14 p ' 
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The current voluw o f  K-65 residues contrind in the sllos ( l&2) at the 

FHPC Is esttmated to be 195,000 cubic feet (8800 H.T.). The best 

available data to date concerning the chemic81 and radiological 

characteristics o f  the K-65 rusldues are s r r i r e d  In sections 2.2.1 

and 2.2.2 (Reference 1). 

2.2.1 -1 W t e r l s t l U  

Inorganic constltuent analyses for nOnr8dfOloglC8\ elements in the 

K-65 reslduo rt the fMPC 8r8 suurrit8d in Trble 2.2 .1 .  

Approximately 40 percent of the K-65 waste i s  composed o f  

silicrter (Si02). The othar constituents corgrising one percent 

o r  are of the residue Include ca1cim, iron, mgtteslm, and lead. 

t(0 d8tr for organic constituents of the FUR U-65 residues are 

f)n ridiobgicrl constitumts of the K-65 residue r t  the FHPC have 

bnn estluted to includa 11,200 kg o f  urrniua (0.71 percent 

U-235) and 1,652 C i  of radium (Rr-226). The radium concentratfon 

Is 2.0 x YO5 pCi /g .  Radon flux Iwasurements made in October 1984 

at 24 locattons on each silo ranged from 13 pCi/d/sac to greater 

than 3 x lo7 pCi/a2/sec. The highest flux values were obtained on 

surfaces which contained obvious cracks. 
8 



TULE 2.2.1 

c i  
co 
Cr 
cu 
F 
Fe 
"g 
La 
4 
Mn 
Mo 
Na 
N i  
Pb 
PO4 
Sb 
Se 
Si02 
Sn 

. SO4 * 

T i  
V 
Zn 
Zr 

ELMENTAL C W C T E R I U T I f M  OF THE mpc 
foptabor 1970 
K-65 WASTES 

Weight 
(Metric Constituent Percentbar Tons 1 

Metals: 
*g (0.002 0.176 A1 
A S  
Au 
8 
Ba 

Ca 
Cd NO* 

0.875 77 
<O .03 (2.64 
<o. 005 0.44 
0.015 1.32 
0.07 6.16 

Be NO* - -  
Bi NO* - -  

3.89 342 
No Data - -  
0.175 lS.4 
0.012. 1.06 
0.0s  4.4  
No Data - -  
1.2 105.6 

NO+ - -  
0.089 7.83 
1.25 110 

- -  

0.02 1.76 
0.02 1.76 
0.7 61.6 
0.225 19.8 

NO* .- 
NO* 

5.1 448. 8 

No Data 

0.008 
No Data 
0.07 
0.021 

0.02 

40.76 

NO' 

+ND - Not Detected 

- -  
3,587 

0.7 

6.16 
1.85 

1.76 

- -  

- -  

9 
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TABLE 2.2.1 

(Cont 1 nuod) 

E l E n M T A C  C)(ARACTERIUTIfM OF THE FnpC 
K-6S WASTES 

Saptabar 1970 

Weight 
(Metric s t i tuent  Per r w a e  Tons 1 

Rare Earths: 

DY 
Er 
EU 
Gd 
Ho 
Lu 
Sm 
Tb 
Tm 
Y 
Yb 

0.003 
NO+ 
NO+ 

0.004 
cO.0015 

NO* 
0.0048 

No+ 
C O . 0 0 0 8  
0.004 
0.0006 

0.26 

0.35 
0.13 

0.42 

0.07 
0.35 
0.05 

- -  - -  

.- 

*NO = Not Iktocted 

lpercentage and weight are based on sample analysis and do not account f o r  
to ta l  reported amount (8800 m . t . )  o f  K-65 residues. 

10 
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3.0 CllRRMT K-65 SILO STWCTUW S T A T U  

In July o f  1985, Camaqo Associates, Ltd (Cmargo) was subcontracted to 

perform a nondestructive testing program and structural analysis on the 

K-65 Silos (Silos 1 and 2) using state-of-the-art testing equipment and 

computer model ing techniques. 

The silo investigation consisted o f  three phrser. The first phase was a 

computer analysis of the storage silos depleting the original "designed" 

condition of the silos based on the original constructlon drawings and 

spec i f i cat i ons . 

The seeond phase conslsted of field work that was divided into three 

areas. These w e :  the t o l l  exploratlon study, the "fcho Pulse" system 

of testing the silo doslas, walls and base slabs, and the "Ground-Radar 

Survey" o f  the earth earbankrnent around the K-65 Silos. The field work 

activltlrs m n  subcontracted by Cmrrgo to Nuenow and Associates and 

Sol1 & Mrterlalt  Engineers, Inc. 

The third phase was a detailed computer analysis of the K-65 Silos 

utilizing the results of the initial "designed" computer analysis and 

the field work data. This work was done by Camargo utilizing three- 

dimensional modeling programs. The final report o f  Camargo's study was 

issued on February 25,  1986 (Reference 2). 

3 .  f r '  1.8 
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Based on their investigation and analysis o f  the K-65 Silos, Camargo 

made recommendations and concluslons concemlng the silos. A sumary o f  

the Cuargo recammdations and conclusions are as follows: 

1. 

2. 

3. 

4. 

5. 

The base slab and walls at the ti- o f  the investigation were 

structurally stable under th8 existlng static loads being applied 

to them and should continue to remain stable for approximately 5 

to 10 years. 

If either the contents of the s,llos o r  tho silo embankment were to 

be removed, they must be removed slnultaneously or failure of the 

wall s or base sl ab could result 

The center 20 foot diameter portion of the done top i s  

structurally unsound for a load greater than the existing static 

dead load and no life expectancy was assigned to it. 

Tho appllcatlon o f  a threa foot thlck earth fill load on the dome 
o r  tho application o f  tornado suction or pressure loads, would 

causo a structural fallure of the dome. 

The appl icatlon o f  the "defined" synthetic earthquake would induce 

some additional cracking in the base slab and at the base o f  the 

silo wall, but the silo would still be in a serviceable condition. 

The doate would be unaffected, and should simply move with the 

ground motions. 
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6. If a 'cover is chosen t o  cover the center portion of each silo 

dome, the weight should be as light as possible and I n  no case 

should I t  be greater than t h a t  allowed by the buckling capacity of 

the d m  (approximately 11.000 pounds) 

Additionally, the Cmrgo report concluded tha t  the dome of the silos 

were the most crl t ical  par t  of the entlre silo structure systm. The 

critical buckling load of the domes was calculated t o  be approximately 

284 PSF for the existing concrete outslde the center 20 foot critical 

d o w  area. Using a safety factor of 4 the allowable load would be 71 

PSf .  Inside the crit lcal  20 foot diameter area, the buckling load was 

calculated t o  be approximately 104 PSF for the existlng concrete. Using 

a safety factor of 4, the allowable load would be 26 PSF (based on a 2 

inch thlck area of concrete). The allowable buckling load for the 

center 20 foot area, therefore, i t -  nearly the same as the dead weight of 

the d o w  i tself .  

In nsponre t o  the Cunargo recoamendations, the FHPC had a temporary 

d o w ,  30 feet i n  dluneter, designed and installed t o  span across the 

weakened portion of the concrete dows. The cover i s  self supporting 

and si ts  on a rolled plate  steel sklrt. The 30 f o o t  diameter cover is  

composed of structural steel members which supports 3/4 inch plywood 

sheeting. The plywood sheeting i s  covered w i t h  a weatherproofing 

membrane. The dome cover increases the stresses i n  the e x i s t i n g  

1 3  f ' -  21, 
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concrete, but  a l l  str are w i t h i n  acceptable limits. The dom cover 

was instal led so t h a t  contalnaent o f  the s l l o s  contents wi l l  be 

maintained I n  the event of a center s i lo  dome collapse. This work was 

completed I n  January, 1986. 

In  addltlon t o  the d m  cover, the Installation o f  an applied f l u i d  

neoprene membrane was i n i t i a t ed  to  cover the exlstlng concrate dome 

outslde the d m  cover on the K-65 Silos. The neoprene membrane i s  

designed t o  prevent water from reaping I n t o  the silo docm cracks; thus ,  

l ia i t lng further detwlorat ion.  I t  1s postulrted that the -ran@ will 

also lnhlb l t  the escapa o f  radon gas and radon daughter products t o  the 

environment. fhls  work i s  currently on hold due  t o  Increased 

radiological concerns stemlng frm appl Icatlon o f  the. membrane. 
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4.0 R A W  UISSIo113 FRW THE K-65 SILOS 

4.1  v of the Ra&n hnitorina Proarm 

From September 20, 1984 to February 5, 1985, Monsanto-Hound conducted 

radon gas monitoring in the environs of the K-65 Silos (Reference 3). 

The objective of the monitoring program was' to assess the extent of 

Increased radon concentrations due to the radlum-bearing K-65 residues 

stored in silos 1 and 2. The radon monitoring program consisted o f  two 

subtasks: 1) measurement o f  radon f lux frar the surface o f  the K-65 

Silos; and .2) masuremant o f  radon concentrations In the surrounding 

K-65 S i  1 o envi ronment . 

4.1.1 F l m t s  ftm the Surfaces 

In order to determine the radon gar flux from the surface o f  the 

K-65 S i l o  domes, Uonsanto-Uound employed the use o f  charcoal 

canisters which were placed on 21 locations on both the K-65 Silos 

dons. After a period o f  exposure, the radon0222 content of  each 

canister war then analyzed i n  the radon laboratory at Honsanto- 

cloud. 

The flux masurements ranged from approximately 13 pCi/m2/sec to 3 

x lo' pCi/n2/sec. By comparison, the Environmental Protect ion 

Agency standard for uranium mill tailings disposal sites i s  20 

pc i /a2/ sec . 
r" 3 9  

4 
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Mnsanto-Clound reported tha t  a1 though the measured f l u x  val ues 

tended t o  be higher than those found on lnact lve m i l l  t a i l i n g s  

s i tes,  the surface areas of the tanks are substant ia l ly  l e s s  than 

those o f  the t a i l l n g  s l tes ( ten thousand square feet versus many 

acres). Flonsanto-Mound concluded that the annual radon re lease  

from the K-65 Sllos i o  probably less than from the lnact lve m i l l  

t a l l i n g s  s l t es  (200 t o  11,500 Cl/yr) and the sllos represent a 

very d i  scont Inuous source. 

1.1 .2  w o n  A i r  H e m t s  i n  the V i c l n i t v  o f  the S i los  

TI--Integrated measurements o f  radon i n  a i r  around the K-65 SIlos 

were conducted by Clonsanto-Hound ut11 i z ing  Passlve Environmental 

Radon Monitors (PERMS). Af te r  the PERMS were exposed f rom one t o  

two weeks, the l l t h l u a  f luor lde  chlps located i n  each PERM were 

read and the radon concentratlon calculated. The resul ts  o f  the 

radon m n i t o r i n g  between September 20, 1984 and Oecember 5 ,  1985 

ranged fra 5.1 pCi / l l te r  near the K-65 Si los t o  0.24 p C l / l i t e r  a t  

locat ions farthest dowmlnd along the eastern FHPC s i t e  per imeter  

(approxlmtely 0.75 miles). In comparison, the average background 

radon concentration f o r  other locattons i n  the northeastern United 

States ranges f rom 0.2 t o  0 . 3  pCl / l l te r .  The radon concentration 

values matured near the K-65 Si los are below the DOE guidel ine 

value o f  3.0 p C i / l i t e r  above background f o r  uncontrolled areas and 

100 pCi/ l  i t e r  val ue fo r  occupatlonil exposures. 
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4.2  v of the FMPC m l t o r l n a  Natwork 

A radon mnltorlng program has been Implemented by the FMPC for the 

fenceline and offsite envlrons. The program mnltors both radon-222 and 

radon-220 (thoron) t o  detennlne the radlatlon exposures t o  humans from 

both radon and I ts  decay products. 

Radon-222 1s monitored w l t h  track-etch detectors whlch constst of a lpha  

sensltlve plastlc detectors mounted Inside Inverted cups covered by a 

membrane t o  prevent radon decay products from enterlng the cup and belng 

detected. This membrane also sufflclently retards the dlffusion of 

radon t o  the extent t h a t  the short-llved radon-220 does not enter these 

cups; however, the radon422 does dlffuse through the membrane. A 

second tr.ack-etch cup Is also located a t  each radon monltorlng location. 

The f l l t e r  over this cup Is permeable t o  radon, allowlng both radon-222 

and radon-220 t o  enter the cup, whlle preventlng entry o f  decay 

products. Radon-220 concentrat Ions can, therefore, be determined by 

subtractlng the response of the radon0222 cup from that of the radon-222 

p l u s  radon-220 cup. 

The detector Inslde each cup i s  sensltlve t o  alpha particles from radon 

and Its decay products. The alpha partlcles penetrate the plastic 

detector leavlng tracks which  are subsequently etched t o  produce v i  s i  ble 

tracks I n  the plastic. The number of alpha tracks counted per u n i t  area 

Is proporttonal t o  the average radon concentrat ions. The advantages o f  

the track-etch m o n i t o r i n g  technique o v e r  other radon m o n i t o r i n g  

techniques are t h a t  the monitoring i s  completely passive, no e lec t r ica l  W .  c. . 24 
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or wchanical coclponents are Involved, and the monitoring I s  easy t o  

conduct. Once the detectors are exposed, the vendor of the detectors 

etches the p last ic ,  v i s u a l l y  reads the n u r k r  o f  tracks per u n i t  area, 

and n p o r t s  tho measured concantratlons. 

Track-etch detectors are a widely accepted n t h o d  f o r  obtaining accurate 

measurements o f  radon concentrations. Measurement standard deviations 

are g e n e r a l l y  i n  t h e  range o f  20% f o r  t y p i c a l  environmental 

concentrations. Results are usual ly obtained w i th in  four melts from 

submission o f  the detectors t o  the vendor for processing. 

The mon i to r ing  l o c a t i o n s  were selected t o  c h a r a c t e r i z e  radon 

concentrat ions and p o t e n t i a l  exposures t o  humans. The moni tor ing 

locations are a t  the FnPC s i t e  bouMaries, a t  tw schools, a t  a local 

business, and a t  two residences. The residences serve as background 

noni tor ing lo ta t ions  which are i n  the s a n  meteorological wind patterns 

. .  

as the FnPC s i t e  but far enough from the s i t e  so as not to 'be affected 

by radon emitted from the s i te .  S p u i f l c  monitoring locations a re  

sham In  Figure 4.2. 

The 1986 average concentrations o f  radon0222 vary s1 i g h t l y  from stat ion 

t o  s ta t ion but w n  not  s i g n i f i c a n t l y  d i f fe ren t  frolr one another nor  

from the 1985 data. The resu l ts  also indicate tha t  no d i s t i n c t  trends 

f o r  radon e x i s t  i n  the prevai l ing wind d i rect ion (Table 1.2). 

i ', 25 
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Concentrations o f  radon-222 are also matured at two residences d.4  and 

10.5 km (4  and 6.6 mi) froa the FUR and also at two nearby elementary 

schools, In 1986, the average concentratlon o f  radon-222 measured at 

these locations ranged froa 0.6 to 0.9 pC1 (0.02 to 0.03 Bq) per liter 

of air* which does not differ signiflcantly from the 1985 averages. 

4 . 3  -- 
4.3.1 w i a t l o n  Ooses BW on FHPC Cfppitorina Om 

Detemlnlng the dose due to rrdon emisston froa the FUK is an 

important consideration for the public In the vlcinity of the 

plant. Calculation of dose due to radon emission i s  not one of 

the requirements for NESHAP cocnpl lance. DOE standards, however, 

specify that emissions of Rn-222 to uncontrolled areas must be 

less than 3.0 pCi/l.  

During 1986, background radon measurements at locations that are 

6.4 and 10.5 km froa the FWPC (OS 1 and OS 2 respectively figure 

4.2) averaged 0.58 pCi/1 (Table 4.2). AMs 6, which i s  in the same 

directlon and closer to the K-65 Sllos than the nearest residence, 

recorded an average radon concentratlon of 0.65 pCi/l. All radon 

measurements include an error tern o f  about 220%. Therefore, 

there are no significant differences in radon concentration 

between background locations and AHS 6 in 1986. A dose 

calculatlon based on this data does not yield significant results. 

2 1  
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In addition to FUR measurements of outdoor radon concentrations, 

the Ohio Department of Health (OOH) monitored indoor radon 

concentrations at nine locations around the FUR between July 1985 

and July 1986. These concentrations ranged from 1.1 pCi/1 to 12.8 

pCi/1 wi th no apparent correlation batmen average concentration 
and proximity to the K-65 S i l o s .  The FHPC Health and 

Environmental Advisory Connittee examined this data and issued a 

press release indicating that the FHPC is not the source o f  

elevated radon levels found in this study (Reference 5) .  

In addition to radiation d.oses due to radon inhrlation, exposure 

assessments were made for external radiation by using a 

pressurized ionization chamber and thermoluminescent dosimeters 

(TLOs). A t  each onsite high -volume air monitoring station (AMS) 

s h k  on figure 4.2, TLOs measure ambient beta-gama radiation 

levels (Table 4.3.1). The m a x i m  annual exposure was measured at 

AM 6, tha closest station to the waste materials stored in the 

K-65 Si los  on the west side o f  the site. To assess external 

exposurw to individuals living near the site, a pressurized 

ionization chamber was used to collect data at various locations 

around the FUK. The data indicate that the annual dose to the 

nearest resident (in the unlikely scenario o f  that resident 

remaining at home 100% or the time) was conservatively calculated 

at 18 wen (0.18 mSv) in 1986. This is 18% o f  the DOE standard. 

It should be noted that the background dose from natural sources 

measured at several locations surrounding the FHPC was 79 mrem 

(0.79 mSv) per year. *r . '  28 
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$3 127 69 
d4 111) 9.3 
7.7 11.1 89 

17 . 11.8 9.0 
123 1 s.0 13.6 
1.4 1 0.4 0.1 

9.0 

7.1 11.1 a7 

Source: 1986 FWPC Environmental Monitoring Report 

23 



4 4 4 0  

4.3.2 u a t f o n  w e d  on K-65 m t  Analvsi t  

I 

I n  order t o  e s t i u t e  the radiological  consequences resul t ing fr- 

radon r r i ss lons  from the K-65 Silos, an analysis was performed 

u t i l i t l n g  d i s p e r s i o n  models (AIROOS) f o r  var ious c r e d i b l e  

accidents. The complete analysis, which i s  s u a u r i z e d  i n  t h i s  

s e c t i o n  and Table 4 . 3 . 2 ,  i s  contained i n  Appendlx A. Four 

condltions are sumarized i n  Table 4.3.2; the exist lng state of 

the s i los,  advanced cracklng o f  tho s l l o  donwr, a p a r t i a l  dome 

c o l l a p s o  and a complete doao c o l l r p r e .  The p r o b a b i l i t i e s  o f  

occurnnce mru obtr inod from the Currgo report  (Reference 2)  and 

a fo l low up Currgo correspondence (Reference 4) .  As shown i n  

Table 4.3.2, the probrbi l  i t y  o f  occurrence for advanced cracking 

o f  tho dome and a p a r t i a l  dow collapse are c.ertrin due t o  the 

deter iorat lon o f  the s l l o  domes and the ex is t ing  cracks. The 

probab i l i t y  of r complete dow collapse caused by an earthquake, 

tornado o r  a i rp l rno  crash i s  very low. The most s ign i f icant  data 

p rosent rd  i n  Tablo 4 . 3 . 2  i s  tha t  t h e  nearest o f f s i t e  

residonco i n  the r o r t  probable wind d i r e c t i o n  (Northeast) ,  

loc r tod  1.3 b frm the K-65 Silos, receives the highest 

p r o j o c t o d  ( c a l c u l a t e d )  dose ( 3 7  rrem/year) from the Rn-222 

releases. Tho t o t a l  body dose t o  the nearest o f f s i t e  resident 

(500 a) for t h e  e x i s t i n g  cond i t ion ,  however, would be 

approximtely 18 mrem higher (38 m m  t o t a l )  i f  the d i rect  gama 

r a d i a t i o n  dose f r o m  the  K-65 S i l o s  was considered (1986 FMPC 

Environmental Monitoring Report - Reference 6). 

f .  - 35 
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Under 40 CFR P a r t  191, Environmental Standards for the Management 

and Disposal o f  Spent Nuclear Fuel High-Level and Transuranic 

Radioact ive Yastes, t h e r e  a r e  es tab l i shed dose guide1 ines.  

S p e c i f i c a l l y  40 C F R  P a r t  191.03b s ta tes  t h a t  "Hrnagement and 

Storage o f  spent nuc lear  fue l  or h i g h - l e v e l  or t ransuranic  

radioact ive wastes a t  a l l  f a c i l i t i e s  for the disposal o f  such fuel 

or waste that are operated by the Department and are not regulated 

by the Conmissioner Agreement States shal l  be conducted i n  such a 

manner as t o  provide reasonable assurance that  the combined annual 

dose equ iva len t  t o  any member o f  the  p u b l i c  i n  the  general 

environment resu l t ing  from discharges o f  radioactive material and 

d i r e c t  rad iat ion from such management and storage shal l  not exceed 

25 arm t o  the whole body and 75 nrem t o  any c r i t i c a l  organ. " 

The-K-65 residues current ly  stored a t  the  FHPC do not contain i n  

excess o f  100 nanocuries per gram of an alpha emitt ing transuranic 

isotope ( L e . ,  elements w i th  an atonic number greater than 92) and 

t h e r e f o r e  t h e  p r o v i s i o n s  o f  40 C F R  P a r t  191 a r e  not d i r e c t l y  

applicable t o  the management or storage o f  the residues. I t  i s ,  

howver, the goal o f  the WPC t o  m e t  the dose standards i n  40 CFR 

P8rt 191. Based upon the actual environmental monitoring data f o r  

radon, the e x t r t i n g  condit ion o f  the K-65 Si los does not exceed 

the l i m i t s  o f  40 CFR 191. The radon concentrations a t  the FHPC 

s i t e  boundary are wi th in  background levels, and therefore do n o t  

c o n t t i  bute 

based upon 

K-65 S i l o  

t o  an increased o f f s i t e  radiat ion dose. However, 

the cer ta in  probabi l i ty  o f  advanced cracking o f  t h e  

domes, t h e  radon concentrat I on 1 eve1 s could exceed 
32 p r 

26 
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background levels a t  the FMPC s i t e  boundary and cause radiation 

doses exceeding the l i m i t s  set by 40 CFR 191. Therefore, based 

upon the p r o b a b i l i t y  o f  advancrd c r r c k i n g  and the estimated 

r a d i a t i o n  doses t h a t  may r e s u l t ,  the FMPC should implement 

additional controls t o  ensure that the requirements are met. 

2 7  
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5.0 T M I E M W  AWD PUESSURE MITOIIIWQ Of THE K-65 SILOS 

5.1 b i t o r i n a  Svstem DUyiotiqg 

The K-65 temperature and pressure mnitoring system consists of an 

instrumented flange assembly that mounts onto one of the existing 

manholes flanges that are located at four equal, radially spaced 

distances on top of each of the K-65 Silo domes. Each Instrumented 

flange assembly consists of two thermocouples and a differential 

pressure transmitter. The themocouples mre designod to masure the 

gat teaperature inside a K-65 Silo at the inside top surface and at an 

approximate dlrtmce o f  7 frot into a t l l o .  The diffrrential pressure 

transmitter was dosignd to masure the difference in pressure between 

the K-65 Silo internal tank pressure and the surrounding atmospheric 

pressure. In addition, a surface thermocouple was installed on each 

silo to provido a tecrgerature masurwent of the external concrete silo 

d o w  surface. All of the data froa the thermocouples and differential 

pressure tranulttors w n  recorded by a continuous monitoring data 

loggor locrtod adjacont to the K-65 Silos. 

5.2 Pressure Honitorina Dm 

5.2.1 ina P e r 1 4  

The K-65 monitoring system was installed onto the K-65 Silos on 

March 13, 1987. Continuous monitoring from the installation 

$ 4  c, - ,* 
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date (March 13, 1987) t o  tho tim the monitoring systea was taken 

o f f  l i n e  (May I S ,  1987)  IS n o t  appl icable,  due t o  i n  l i n e  

c a l i b r a t i o n  d i f f i c u l t i e s  and d a t a  l o g g e r  ma l func t i ons .  

Continuous data was col lected, homver, during the period o f  May 

8-11, 1987, during h l c h  time large u b i e n t  temperature varlat lons 

occurred I n  the  Fernald area. l a r g e  ambient temperature 

var lat lons have the greatest potent ia l  o f  produchg s ign i f icant  

pressure f luctuations w i t h i n  the K-65 Silos. Since negl ig ib le  

pressure v a r i a t i o n s  occurred dur ing  t h i s  per iod  o f  l a r g e  

temperature variations, tho col lected monitoring data was judged 

as represent ing t h e  worst case and the  need f o r  a d d i t i o n a l  

moni to r ing  d e e d  unnecessary. 

5 .2 .2  

Tho t v r r t u r r  monitoring data resul ts from K-69 Si los 1 and 2 

f o r  the poriod o f  May 8-11, 1987 are shown In  Figures 5.2 .2-1  and 

5.2 .2-2  nrpoc t lve ly .  The x-axis on the f igures represents the 

a c t u a l  tlro of day i n  two hour increments and t h e  y - a x i s  

n p n s e n t s  tho temperature recorded I n  degrees Fahrenheit. Four 

tap8rrtur8 curves are p l o t t e d  i n  the figures: the dome concrete 

surface temperature indtcated i n  the legend as ‘surface”; the 

in ternal  gar temperature o f  the s i l o  near the top dome surface 

ind lc r ted  i n . t h e  legend as “top’; the Internal gas temperature of  

tho s i l o  near the surface o f  the waste residues indicated i n  the 

legend as ‘bottom”; and the ambient temperature i n  the v i c i n i t y  o f  

the K-65 Si los indicated i n  the legend as “ambient” As can 
f’ - ‘. 3.5 
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observed from both Figures 5.2.2-1 and 5.2.2-2 the ambient 

tmerature during the nonltoring perlod vatled a maxlmum of a 

approxlnately 42OF In a 12 hour perlod. Correspondlngly, the 

Internal gas temperature measurements (Bottoa) for both K-65 Silos 

show an approximate 35'f dlfferential during the same time period 

as the *lent temperature varlatlon. The temperature data shows 

that the K-65 Sllos have negllgible insulating properities and 

that the gas phase contalned wlthln the top o f  the silos 

fluctuates to nearly the same amplltude as the ambient 

temperature. 

Notlce also that the surface temperatures o f  the K-65 Sllos exceed 

the &lent temperature due to radlant heatlng from the sun. In 

addition, $110 1 surface temperature readlngs are hlgher then 

$110 2 surface temperature readlngs for the same period due to a 

dtfference In radiant heating. Recall that Silo 2 i s  essentially 

weatherproofed wlth a light grey membrane coating while Silo 1 i s  

a dark grey color and t ?fore does not reflect the sun's 

radiant energy as well as Silo 2. fenperature data other than the 

poriods Illustrated in Flgurer 5.2.2-1 and 5 .2 .2 -2  look similar, 

however, tha mgnltude o f  the variations are not as great. 

The pressure'mnitoring data results from K-65 Si los  1 and 2 for 

the same period as the temperature data (May 8-11,  1987) are shown 

in Flgure 5.2.2-3.  The x-axls agaln represents the actual time of 

day In two hour increments and the y-axis represents the 

dlfferentlal pressure (internal silo gas pressure - atmospheric 

pressure) in pounds per square feet (PSF). The "square" symbols 

30 
f .  39 
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represent the differential pressure data measured from Silo 1 and 

the “plus’ symbols represent the differential pressure data 

measured froa Silo 2. The continuous horizontal lines at plus and 

minus 80 PSF represent the buckling limit as detennlned by Cmrgo 

Associates, Ltd during their structural analysis of  the K-65 Silos 

(Reference 2). As can be observed from Figure 5.2.2-3 neither of 

the K-65 Silos are capable of holding a significant differential 

pressure with respect to the buckling limit of the silo daws. 

K-65 Silo 1 shows negligible pressure variations as the internal 

gas teaperature varles duo to ublent temperature fluctuations. 

K-65 Silo 2 shows a slight capability o f  holding a maximum 

differential pressure of approximately plus 7.6 PSF and minus 4.9 

PSF during tho monitoring period. In comparison, using the ideal 
gas equatlon, a closed tank of air initially at 2117 PSF (11.7 

psi) and 63OF would experience a pressure increase o f  

approximately 142 KF if the internal temperature was increased 

35OF. If, however, the tank was maintained at atmospheric 

p n t s u n  1.8.) allowed to leak the expanding air to the atmosphere 

during tho temperature increase o f  3S°F, and the tank initially 

contained 25,000 cubic feet of air (approximate gas volume of a 

K-65 Silo), then the volumetric air release would be approximately 

1,750 cubic feet. 
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I n  s m r y ,  the presrun  d r t r  indicrtos t h r t  both of the K-65 

S i l o s  oxchrnge gas f r e e l y  w l t h  the  surrounding atmosphere, 

otherwise much hlghor prorsuro d i f f e r e n t i a l s  would have been 

recordod durlng the t m e r r t u r e  varlations. The suspected reason 

th8t  K-65 S i l o  2 shows some pressuru d i f f e r e n t i a l  as compared t o  

K-65 SI10 1 1s that the mrtherproofing mnbrrne may a c t  as a weak 

pressure seal. 

32 
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6.0 OPTIOU EVALUATQ) FOR COUlROL OF luooll OlISSIOHS FROM THE K-6S SILOS 

6 .1  g m -  

In order to effectively control radon emissions from the K - 6 5  S i l o s ,  the 

following assumptions were uti1 ired to develop the a1 ternatives: 

- Approximately 60 Ci/year of Radon 222 is released f r m  the K-65 

Silos by diffusion through the concrete dome, (Appendix A ) ;  

- Under current structural condi tions, approximately 600 Cilyear of 

Radon 222 is released by expansion o f  the gas within the K - 6 5  S i l o  

domes (Appendix A) ; 

- The K - 6 5  Silo domes are not capable of holding any significant 

pressure above or below the atmospheric pressure (Section 5.2.2); 

- The K-65 Silos gas phase axperlences temperature fluctuations very 

similar to those of mrbient temperature (Section 5.2.2); 

- The control o f  radon emissions is considered as an interim 

solution (3-5 years) until final reraedlation plans are developed 

and implemented; and 

- The K - 6 5  S i l o  domes are structurally weakened and have limited 

42 rt - .e capacity to support any additional loading (Reference 2 ) .  
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Any m a t e r i a l  t h a t  would be placed I n  t h e  s i l o s  t o  c o v e r  the  

residues and attenuate the radon emissions may have t o  be rewved 

I n  the near fu ture I f  f i n a l  remdia t ion  plans SO dictated. 

6.2 vet f o r  R-lon Control Frm K-65 S i l o s  

Based upon the c r i t e r l a  I l s t e d  I n  Section 6.1, feasible alternatives 

ware conslderod f o r  control  o f  rrdon emissions froa the K-65 Silos. Due 

t o  the f a c t  th r t  the silos are not crprble of holdlng any s ign i f icant  

pressure, ( L e . ,  the silos r e r d l l y  exchange gas with the surrounding 

atmosphere), and the K-65 r r t e r i a l s  may have t o  be removed from the 

s i l o s  i n  the near fu ture (3-5, years) the al ternat ives f o r  radon emlssion 

control are l l m l t e d .  Since the silos wre not designed t o  functlon as 

pressure vessels, even the weatherproofing o f  one o f  the K-65 Silos d l d  

not a p p n c i r b l y  Igrove I t s  pressure holdlng capabil l t l e s  (Figure 5.2.2- 

3 ) .  fhorefom, tho rrdon mlsslon control r l te rna t ives  that are deflned 

i n  Sections 6.2.1 through 6.2.3 are intended t o  operate without fur ther 

attmts t o  seal tho $110 dow surfaces. 

6.2.1 ColuAlrAbronrtlQn 

Water c o l i  absorption is used i n  u n y  appllcatlons t o  control 

tho a1ssion o f  gaseous pol lutants by al loulng the ef f luent gas t o  

Interface the water and b absorbed by the water. Success o f  the 

wrter c o l m  absorptlon is dependent upon the s o l u b i l i t y  o f  radon 

gas i n  water as compared t o  the other gases present. It is” 
t . -  43; 
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of tho  carbon beds occurred. as do te r r l ned  by downstream gas 

sampling, v a l v e s  cou ld  bo a c t i v a t o d  t o  I s o l a t e  the saturated 

carbon bad and c l r cu la to  tho grs t o  8 frosh carbon bed. Sea# o f  

tho laportant factors t h r t  would n e d  t o  bo consldered i n  the 

doslgn o f  such a system would k the adsorption eff lclency o f  the 

a c t i v r t d  carbon bods, th8 t o t a l  adsorptlon capaclty o f  a given 

carbon bad boforo saturatlon occurs, f l o w  ra t0 requiremnts and 

shleldlng requirements. 

6.2.3 f l l l ~  

F i l l l n g  the vold spree abovo tho n s l d w t  I n  the K-65 SIlor wlth a 

r l g i d  po tyure thrno  form r r t o r l a l  would servo t o  remove t h e  

ex ls t lng  resorvolr  that  the radon 98s current ly accumulates above 

tho  r o t l d u o t .  I n  add l t ion ,  t ho  form tnaterla’l would ac t  as a 

d l f f u s l o n  b r r r i o r  t o  t rap tho rrdon gas that  dl f fuses from the 

r8s iduos rnd  h o l d  up tho  r rdon  grs u n t l l  i t  decayed i n t o  i t s  

resgc~ t l ve ,  p 8 r t i c u l r t o  drughter products; thus nover a1 lowing ’ the 

rrdorr gas t o  escrpa In to  tho envlrotuont. I n  order t o  accomplish 

tha ~ 1 1 0  vold spaco f i l l lng,  tha f o u  mater la l  would have t o  be 

p q e d  I n t o  tho s l l o s  through th8 four exis t ing manholes on the 

s l l o  doaes. A tmporary t r e r t w n t  system f o r  the radon gas t h a t  

would bo l n l t l a l l y  d l s p t r c e d  by the foam m a t e r i a l  would be 

required t o  reduce the r e l c r r o  o f  rrdon t o  tho envlronment during 

f1111ng o f  tho s i los.  A temporary system such as the w a t e r  column 

absorptlon (Sectlon 6.2.1) o r  the so l ld  media adsorption system 

(Sectlon 6.2.2) could be u t i l i z e d  t o  t r e a t  the i n i t i a l  volume o f  

4 4  fr - 
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The evaluation o f  the four radon emission control a l ternat ives (Sections 6.2.1 

- 6.2.4) i s  basad on a numerical ranking frm 1 '( least  acceptable) t o  5 (mst 

acceptable) concerning the fol lowing c r i  ter ia :  

0 Envl romental  Acceptabi 1 I t y  

0 Re1 1 ab1 1 1 ty/Operabll i t y  

0 Inplementation Tlw 

0 cost 

The resul ts  frok the ranklng are presented In  Table 7 . 0 .  A d e f i n i t i o n  o f  each 

o f  the ranklng c r l t e r l a  and j u s t l f l c a t i o n  f o r  the ranklng assignments i s  

explainod i n  Qet lonr 

7.1 through 7.4. 

The envl romontr l  acceptabi l i ty  o f  an a l ternat ive was determined by 

e s t i u t i n g  the a b l l l t y  o f  an a l ternat ive t o  reduce radon emissions with 

the l e r s t  envlromontal impact. factors such as expected treatment 

e f f i c i e n c y  and waste generat ion from the  treatment systems were 

considered. The goal i n  implementation o f  the radon emission con t ro l  

- 
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systems. The water column abtorptlon rlternatlve was ranked well below 

the other alternatives due to the estimted longer dtslgn time (12 

months) caused by the lack of 'off the shelf' systems for the particular 

appl icatlon. 

7 .4  

The cost o f  an alternative I s  an order o f  magnltude estlmate of the 

total cost for the alternatlve considered. Ovwall, a11 of the 

alternatlves are considered approxlrately equal as far as total cost i s  

concerned. The vold space fllllng alternatlve was ertliuted to have a 

higher cost than the other three alternatlves due to the added up front 

cost of the fill material and the potential removal Costs o f  the fill 

material. An estlute of $300,000 was made to implement and maintain 

radon ealsslon controls for a perlod o f  three to flve years on the K - 6 5  

Silos. This c o s t  does not Include any waste disposal that may be 

included during or after the llfe of tha system. 
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Based upon the analysis presented in this FI, the FMPC is within a l l  

applicable WE and €PA guidelines and regulations for the emission of radon 

from the K-65 Silos. However, it it the goal of the FMPC to contlnue to meet 

the dose requirements listed in 40 CFR 191. Therefore, the FMPC recommends 

that rdditiowrl interlm controls ba implemented to reduce the radon emissions 

from tho K-65 Sflst. The reconmendations with regrtd to the additional 

controls are as follows: 

Inltiate and expedite final detalled design for the system to f i l l  

the void space fn  the K-65 Silos with foam, including a temporary 

solid nodi8 adsorption systea to treat the Initial displaced radon 

gas i 

Coqleta the opwation of fllllng the K-65 Silos by November o f  

1987; and 

Complete the watherproofing of the K-65 Silos after the silos are 

filled; as soon as the weather parnlts. 

4 3  
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APPaOIX  A 

ACIALYSIS Of POTENTIAL AI0 P R O W L E  ACCIDENTS OCcLlluItlo AT ‘T)Q 

K-65 STORME SILOS 
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fntrroauotion 

1.0 K-6s silo Phyaical Doreription 

n o  silo. 8ro concroto cylfndor8 80 foot in d i u o t o r  and 21 f8.t 
high. Thoy h8VO 8 C O n C ~ O f O  floor U¶d footing .nd 8 dolard 
concroto roof. The sflor WOrO borsod W i t h  08- f n  1964 at a 
i.s:i horitontrl to vort ical  81- to raduco tonaion on tho wail8 
from intoma1 loading. Tho . a r t h a  rrlrlakOnt ha# tho addod 
benefit of reducing r8dOn omir8iona from tho v8lla and providing 
8dditfOn.l woathor protoction. I n  1983 tho o a b a o n t  slop. vas 
incroaaod to 3:l r8tio.  

1.0.1 macription o f  Structural Cosponats  

~ h o  tw K-65 Slloa aro cylindorm constnrct.4 o f  toinforced 
concreto, aro 80  foat in d i u o t o r  by 27 foot in hoight, and 
aro fillod to 8 23-foot dopth w i t h  8 solid t8di1.m baaring 
roriduo. 

1.0.1.1 ai8tOy 

Tho siloa Y . r O  originally built in 1941 8nd 19S2 and 

8000 gallon8 p.r day. Tho r 8 d i 0 ~ t i V O  8 l u r r y  rludgo vas 

rosiduo aludqo ha. 8 density of 8ppro%imatofy -100 l b s .  
per cubic faot and m m9lo of rap080 of 0 dogrrea. Th8 
rurfrum allouablo dopth of tho sol id matori81 i n  the 

woro fi11.6 V i t h  8 80-1 o % f d ~  V8t.r 8t 8 rat0 of 

8llW.6 t o  aOttl0 urd -0 W8t.r  W 8 8  doc8nt.d. Th8 

ail00 V8. a 3  foot. 

A-1 
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Tho milo w a l l .  vor:. conrtructed of roinforcod concra to  
V l t h  '0.162 inch di-0t.r Vir.. po8t-8tr:..SOd to 140,000 
PSI. Tho po.t-ton8ionod vir.. voro covorod v i th  a 3 /4  

rtron9th of tho concroto vai  4500 PSI and tho vi ros  voto 

of 100,000 PSI. In 1963, tho milo vallm voro 8hoving 

vhich l o f t  patcham o f  tho tonaioninq viros orrposod. 

inch 18y.Z O f  -it.. TbO B h f n u  28-d.y CO8prOS8fVO 

88.- t 0  h.Va 308 8trUlgfb 100. for 8 d.8im StraSS 

rim. Of mWf8CO dotorfor8tion O f  -0 -it0 CO8ting 

A-9 
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In aubaoquant yaara during hoavy r a in fa l l  potiod8, roi l  
aroaion occurrod. Tho orod.6 8r-m voro rapaird but 
tho preblu rocurrod. In  1903, tho oarthon ..b8n)aaont 
vaa onlargad t o  a 3:l m l a p .  urd no m o r  aoi l  aroaion 
ha8 occurrod 

Tho domed roof8 o f  tho X-65 Silo8 are concrete 
or iginal ly  dasignod t o  bo 0 inch08 thick 8t tho wall and 
taporing t o  4 inchor thick a t  tha  contor. Thara ha8 
boon no ronodirl rapr i r  t o  tho o i l 0  doma ainco 
conotruction i n  1951/52. Th. 1905 Cmargo raport 
idontifiod tho domom am tho moat critical ringla 
corponont o f  th. ontiro 8ilO aupport ayrtam. Tho 
critical buckling load of tha dono waa calculatad to bo 
204 P S t  for tho weiating concroto outmido tho contar 20 
f-t d b w Q + r  C X i t i - 1  d w  8r.8. U8bg 8 88fOty f 8 C t O r  
of four, UI additional a l lwab lo  load o f  71  PSI is 
pormi8miblo. Imido tho Critic81 20-fOOt d i a m t 8 r  
critical Uoa,  tho buckling load W 8 8  C8lcuhtad t o  bo 
104 mt for 3 inch08 o f  concrato. Uaing 8 rafaty factor 
oe four, tho 8l lwablo  load vould bo 26 PSP which is 
n o u l y  tho mama am tho daad woight of tho cantar aection 
of tho dou.  Tharafora tho ringla componant of tho 
ailom r o m t  l ikoly to f a i l  i 8  tho contar aoction of tho  
d o u ,  and tha t  saction ha8 no further l i f o  axpoctancy. 

Am11 
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1 . 0.3.4 Idontif iod HAt8rdoua 8ad Radiological Containad 
m t o r i a l r  
Thoro 8ro no i d a n t i f i d  orguric hr~r rdour  u t o r i a l r  
con ta in4  i n  tho K-65 Silomi hovovor, mor. haa not &on 
an organic chemical Ubaly8i8 o f  tho ai10 contonta. 

ailom. Thoro azo g i v o ~  .in tho olomantal imrontory l i r t  
Thoro ar0 8 0 1 .  mOtalliC h888rdou8 B 8 t O Z h h  i n  tho 

O f  T l b l O  1-10 

Radiological Conatituenta o f  th. R-6S roaiduo havo boon 
o a t i u t a d  o ba 12,200 Xg of natural araay uranium 

7118 1 3 b )  M d  18652 Curio. O f  radium (1.6S2 Rg 

with an averago concontration of  2 . 0 ~ 1 0  pci par gram. 
-don d8uqht.r flux 80.8UTl'rau u d o  in Octokr  1984 at 
24 locatioru on aach of lo  rango from )tpCi pot aqurto 
ro tor  pat aownd t o  g r u t o r  than 3%lO pCI por aquato 
=tu peg imcond. Th. highoat f lux vrluoa for  radon 
wego 0bt.blOd 8t 8i10 aurfaC.8 Which cOnt8in obviour 

k a j .  n o  radiur concentration 1. .y t o  b. unifom 

Crack. 

Thoro U V m  a t  10a.t thr00 m g i i l . O r i ~ t g  Studi.8 O f  tho K-65 
SilOao Th. f i n e  V U  tho 0rigfn.l doaign O f  tho a i l 0  8 t r U C t U r . 8  
prior t o  and dut- conatruction i n  1951 and 19S2. Tho rocond 
anginoaring atudy w88.during tho ai10 ropair  porforaod i n  1963/64 
whon tho ai10 va l l r  YO?. ropair.6 and tho origin81 oarthen barm 
waa i n ~ t a i 1 . 6 .  Tho th i rd  onginooring r tudy vas tho Carnargo 
- 8 O C i 8 f O #  Ltd.  8tudy WqUn in July 1984. 

1.1.1 tarthon Born In8tallatfon 

Tho oarthon bora inatallod i n  1964 waa dorlgnod to  support 
tho ai10 wrlla and t o  provido 80mo vo8thor protection. An 

A014 
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Th. 8tatio load corbin8tiona of tho d o u  contonta and 
th. b u m  lndfcat. th. folloulng~ 

Undw d u d  load, tho content#, urd tho oarthon 
bo=, tho atraaa lavala inblc8to that tho wall is 
undor corgroaalon and 8r auch l a  in  8 atablo 
condition. This roprormtr  tho prroaont condition 
of tho a i loa t  

Undor doad lord 8nd tho contmnta, thk attoms lovolr 
lndicata that tho rmalnlng pa t - tuwioning  viros 
would bo i n  tonalon grortor th8n lS0,OOO PSI vhich 

A-1S 
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~huoforo,  th. bamo a l a  ud ~8110 of tho It-65 Siloa aro 
a t m ~ e t u r r l l y  atablo w!du tho oxbeting a t a t i c  lo8dr 
(dud load, tank contmto, W ea- . rb .nkont) .  
Thia atablo condition i m  oxpout.4 to continuo for #om. 
t- in to  tho f u t u n .  R a m a l  of tho tank contontr, 
hwovor, muat bo accompanied w i t h  airult8nooua ruovai  
of tha earthen ombankant t o  p m m n t  wall collrpro. 
contrapaaitivo o f  thfa r i tuat ion rhould ala0 ba rvofdod. 

1.1.2.3 Domod Roof 

Tho S i lo  doro i r  tho moat critical part of tho ontiro 
r y a t u .  Undor tho rtatic load. aa thoy a i a t  a t  tho 
prraont t i m e ,  tho .urimur hoop rtroaa i s  4 1  PSI t u u i o n  
noar tho cantor of tho dom and 190 H I  comproaaion noar 
tho &go. 

Anothorr loadfng conaidoration fr  tho buckling 8tabf l i ty  
of tho domo. Tho C~ntOt  doao unifom critical buckling 
load i a  approxiu to ly  104 ?8?. Using a aafoty Factor of 
four, t h i a  inbicat.a that tho curtar roction o f  tho doaa 
ia not  upablo o f  supporting ~ c h  mora than i t a  oun doad 

tho c o n t u  amtion o f  tho d e n  i a  about 26 PS?. Out8ido 
the critical cantos aoction th. critical bucWing load 
of the doaem h a m  boon soducod t o  264 Pb? duo t o  thinning 
of the eoneroto. Uaing a aafoty factor o f  four,  tho 
alfewabPo l a d  i s  7% H?. 

~ ~ i g h t  (25 ?$?)e Th. allovrbl. UnifOm t O t . 1  load O f  

A pmposal n m  u d o  t o  roduco tho radon miar ionr  and 
d h o c t  m i a t i o n  frem tho It-69 Silo. by covorbng tho 
dano w i t h  m o o  foot o f  .oil. Thir load calculation 
ramal- in  a atroaa of 1000 PSI tonmion noar tho doma 
contor urd 300 PSI co8proarion a t  tho adgo. Barod on 
tho lw buckling load capacity, covoring tho r i l o  domo 
w i t h  throe foa t  of earth i r  not poamiblo without so10 
roinforcrrrat  t o  tho doma. 

A-16 



The 3O-foOt d1mt.r d- a p  d0dw.d by Caurgo 
and irUt.ll.6 WIcCo J.tr\ury, 1986 w i l l  not 
provont tho collapao of tha contor: 20-Foot dimator 
roetion of tho o i l 0  doeoa. Houovu dolo cap. 
do not ritigato tho raluao oit Rn for t&. 
prorant rituation nor w i l l  thoy in tho ovont of 
partial doma collapao. Tharaforo tha K-65 silo 
failuro analyrir boa. not rocognito tha oxiatanco 
of thoao dona covarr. 
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2.0.3.1.2 Roloaao Rat0 and Duration. 

Tho approximato roloaro o f  22212n from tho domas is 
proaontly 6SO ci por yoar. 

A-2 0 
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2.0.3.1.3 mMaquu= 

2.0 .3 .1 .3 .1  Plmtaitc, 

Tho annual total  body doe. for tho noanat 

c8lculat.d by tho -SI CorgutOX coda is 
1 9 . 9  r21.r (24 hour dry8.  7 day vo.k., 52 vook 
yo-, 8 d  .vfnd blowing t o  t h i m  direction S a  

O f f 8 i t .  ?88idUlCO for  an O f f 8 i t .  individu.1 88 

of tho t o t a l  t h e ) .  Thr uptalc. p8thv.y i. 
ontiroly by inhalation. 

A t  th. moat probable w i n d  direction 8nd 
c. dimtureo of 1300 m frea tho aourco 

tho -‘$%a air cone tration am u l c u l a t a d  by 
-1 i s  4*3xIO* wt for 8n unprotoctod 
U v i d u r l .  

A - 2 1  
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1 . 0 . 3 . 2 . 2  R01.88. Rat0 and Ouration 

A-22 



PERCENT WIEW€NCV O f  Wp(D OmCTION FOR 
T W I  P P R W  1040'THROUGH la78 AT THE 
GREATER CWCWNATI METROPOLITAN AIRPORT. 

FIGURE 2-1 WIND ROSE FOR THE FMPC SITE 
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a 0 0 0 3 . 2 0 3  colmquuwo 

200.3 0 a 0  3 . 1  ?lAatalt. 

A 8  W i t h  t.?e 8dV8nC.d C m C k i w ,  parti81 ..doma C O l l a p S .  
(cantar 20-foot d i m a t a r  roction of on. dora) h8a a near 
c o r t a f n t y  of occurronco according t o  tho C a r g o  raport. 

A-2 5 
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a00.3030303 R;rbliu 

At a minhum offait. ?y# anco diaturco of So0 
afrarth.aouxuathr Rn a i t  concontration 

an V t 0 c t . d  individurl. 
U -8Uht.a i 8  603SW10" WL f o r  

a.o.3.303 rnlr,rr mt. and Duration 

1 . 0 . 3 . 3 . 3 . 1  Olantaito 

T h  annul total body dora for tho noarmst 
offait. raaiduaco Cot UL offait. indfvidu.1 a8 

S3.7  .Ru (24 haur: a y a ,  7 day woakr, 52 wook 
y-, and vind blwing to thi8 diroction S a  

ontiraly by inhalation. 

alCUht.6 by th. W S t  n i p U t O t  Cod. i 8  

O f  tha tot81 t i u ) ~  Uptaka p8thW.y i 8  

At tho moat prob8blo vfnd diroction and a 
roridonco diatanco of 1300 8 fro8 tha rou~ca  

A-2 6 
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2.0.3.4.2 Rol0880 mto and Dutrtion 
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2 * 0 * 3 . 4 . 3 * 2  P u l i 0  

A-28 



4 4 4 n .  

A-29 



2.0.3.5.3.2 Publia 

A t  a di8knco of SO0 8 from tho IOUTCO tho a ir  

nogligablo. Thia ir due to  tho plum lo f t ing  
to  high t o  8ff- on8itO individuals. 
Thuoforro,, t h u o  i 8  no axpo8uro to radiation 
in th. puff roloaao h tha Wont O f  tot81 doma 

W.UIT0 8. a1CUht.d by mR#)8g ir 

COIlAp.0. 

Contfrruoua &luu 

Th. urnu.1 tot81 body do80 for t&. noaramt 
offaito ruidonco for u1 off8ito individual a8 
ealculatod by tho AIRDO8t amputor cod. ir 117 
Ua (24 hour d8y8, 7 day vodc8, S2 woak 

of tho total  t b o ) .  Tho uptalc. pathway is 
mtiraly by inhalation. 
Y W 8 ,  .nb wind b l - w  to tbi8 diroction 58 

A t  tho mom+ probable wind diroction and a 

tho ro8il% Rn a i r  cone trrtion am c8lculatad by 
CO dfrt8nCO O f  1300 a froi tho 8OUrCO 

AIRDOSE i 8  3 . 9 X l O 3  WL f o r  an Wplot8Ct.d 
hdiVidu81. 

A-3 0 
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c0rbin.d Puff ud conttnuo\u -our. 

mo a l l  individual  run i n  tho wont  o f  
d o n  col180.0 im attributed t o  tho continuour 
rolumo. 

2 . 0 . 3 . 6 . 1 Robabi l i ty  o f  ~ ~ c u r r o n c o  
Tho probabili ty of a t o m d o  r t r ik ing  a particular 
location during 01). yoar ir  tho product of t&o 
uurual tornado froquony and tho ratio of tho 
8 f f O e . d  ax:.. t o  tho u o a  i n  which tho annual 
to-do froquoncy i m  known. Givon that Hamilton 
county ham born h i t  by an avarago of 15 tomador 
p u  yoar for tho p a m t  80 yaarm, tho 8ro8 of t h o  

tfuilton County' i r  264,960 acror, tho probability 
of tornado r t r iking tho K-65 Silo. im about 
5 . 7 ~ 1 0 ' ~  por yoar. 

R-6s Silo0 i m  l/lOth O f  UL acro, a d  tho 8r.8 O f  

During tho period y e u a  1960-1976, RBC wind 
r.cotb. limt gurrt. in .wc..r o f  50 ~ p h  on olovon 
occammiona and 60 mph on two occarionm. Dua t o  tho 
configuration of tb. X-65 Silor and oarthon 

n.qlig4blo# t h u o f o r a  thir l r  not a ai10 doao 
failurr 8ochni.i. 

-0 -m V h d  OffOCt8 On tho 8ilO. 1 8  

So0 m i o n  2.0.3.4.2 

2.0.3.6.3 Conmoquonco 

So. roction 2.0.3.4.3.1 
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2 .0 .3 .1 .3  U l u ~  Rata and Ouration 

I 

*7 7 r .  



4 4 4 n  

LfkOly to OCCUr 8t 1a.t .rrrt\ully 

Lihly to =CUI: onco 8 d-d. 

Likaly to occur one. 8 c o n t w  

~ikaly to occur onco a 1000 years 
Not lik~ly t 0  OCCUI: fn 8 1000 year8 

pL1.0 

0 . lsRl.0 

O.Ol~P<O.l 

0.001~~<0.01 

mo. 001 
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& a d  - -- 
S High 

2 - t o u  #bo? krt #io Offsit0 i.9.e. Slight 
or illnomm t o  m a t i n g  pormorm.1. -81 

faail  -'"I t y  contaaimtion vhich roquirem only 
rrorrtirr. procoduram t o  control or correct. NO 
Wth or mafaty concum for wotkerrr at norrby 
fMiliti.0 

1 Negligible mtaetabla onsita. 80 - i ta  or offmito inpact. 
No idmtifiablo 8afaty or ha8ltlt concamr. 
Nogligiblo contaaimtion o i  tho uwiromont. 
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4 4 4.0 

Tho X-65 Silo daro im tho only ringlo mymtu componont that 
can f a i l  and roaul t  in a rolaaro of radioactivo mafarial. 
I d . n t i f i . 6  daro failurom aro advurc.6 cracking, p8rtirl doma 
failtaro (contor 20-foot diuotor: roction of on. doma) 
complota domo f8 i lu ro  (ant i ro  doao C O V O ~  o f  both donas). 
Caumoa for  milo doma f a i lu ra r  could bo dagrodation, airplano 
C O f 1 h i O M  V f t h  +he 8if.08, tornador, and ..rr+hQl8k.8. 
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Rebability -.la 
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a .  

3 0  

4 0  
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