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1.0 EXECUTIVE SUMMARY 

During the early (mid-1950s) operational history of the Feed Materials 
Production Center (FMPC), uranium ore, particularly pitchblende, was processed 
for uranium content. The result was an accumulation of radium-bearing 
residues. These materials, along with similar sludges from earlier off-site 
uranium refining, have been stored in two silos, designated at "K-65" (from 
the code name of the original residues). 
rates on the surfaces of the two silo domes are approximately 145 and 185 
mr/hour, and the radon emission levels have been found at 20 to 45 pCi/liter. 

At present, the radiation exposure 

- 

The radiation levels, and particularly the continual emission o radon, have 
created the need for a specific remediation program. 
exacerbated by structural weakness in the center 2 feet of each of the two K- 
65 silos. Thus, the purpose of the studies presen ed herein is to respond to 
Item 6 of the Comprehensive Environment 1 Response, Compensation, and 

(FFCA) between the Department of Ener F (DOE) and the U.S. Environmental 
Liability Act (CERCLA) Section of the 

accomplish these goals, the study includes 
provisions for the interi nF control of radon gas and radon decay product Protection Agency (EPA). 

emissions, as 11 as consideration of the structural integrity of the silos. 

A group of 1 B alternatives for radon attenuation were screened together with 
four silo dome support methods and combinations. From these, two classes of 
support systems emerged: 
granular materials such as sand. 

a 
The problem has been v 

0 ral Facilities Compliance Agreement 

foam-in-place expanded polymer layers and loose-fill 

No continuous polymer foam structure of these dimensions (80 feet diameter) 
has ever been produced to date. 
dimensional stability led to the request by Westinghouse Materials Company of 
Ohio (WMCO) to make a large-scale pilot study before proceeding further with 
this option. 
continuance of this option. 

Uncertainties about application methods and 

. .  

A consideration of the economics of the pilot test obviated the 
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red further as to methods of 

application, technical feasibility, structural assessment (at a later date), 
radiological impacts, health and safety considerations, and approximate 
costs. The most suitable interim remediation at this time appears to be 
addition of a layer of sand approximately 4 feet deep over the surface of the 
K-65 sludges within each s i l o .  
this solution will not significantly increase chances for failure of the 
domes. Additional details of schedules and steps to implement this procedure 
are given at the conclusion of this study. 

/ 

_- --.- - _- 
Structural -__._ analysis has shown (will show) that 

- ._-- --- -- - 

P 
P 
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2.1 SITE DESCRIPTION AND HISTORY 
The Feed Materials Production Center (FMPC) was constructed and began 
operations at the Fernald site in the early 1950s. 
Commission, predecessor to the U.S. Department of Energy (DOE), established 
this integrated production complex for processing uranium and its compounds 
from natural uranium ore concentrates for the needs of the United States 
government. 
materials, are converted to either uranium oxides or uranium ingots and 
billets. 
reactor fuel cores and target "..ei element fabrication. 

The U.S. Atomic Energy 

Initially, uranium ore concentrates, and presently, recycled 

They are machined or extruded into tubular form for production 

7 
From 1953 through 1955, the FMPC refinery processed pitchblende ore from the 
Belgian Congo. No chemical separation or purific 
ore before it arrived at the FMPC. Beginning in 

was performed on the 
the refinery feed 

consisted of uranium concentrates (ye1 wcake) from Canada and the United 

States '. P 
No uranium ore is current eing received at the FMPC. The basic process 

performed now is the conv P rsion of uranium-containing residues, uranium 

hexafluoride d uranium tetrafluoride to uranium metal. I7 
2 . 2  K-65 SILO HISTORY AND DESCRIPTION 
The two K-65 silos, which are on the west side of the FMPC, were constructed 
in 1951 and 1952. 
a by-product of the uranium ore processing. 

The silos are used for storage of radium-bearing ._ _ - -  residues, _. 

The silos are structurally s o l i d  
_..- - - - . . -  

with the exception of a 20-foot - _  diameter _ -  center section of the dome. At 
present, two interim stabilization projects are underway to provide radon 

__- 

release control and provide some structural reinforcement to the degrading 
condition of the dome center section. Phase I, the external . .  foam -. . application 
results, are reported in WMCO's TD: 88-056 letter. 
attenuation layer application, is scheduled . for fall 1988. 

.- - . . .. 

Phase 11, the internal __ . .. I-.. . -. . - -/ 

. . . . __. . . . -- _. 

ENC 14302 
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2.3 K-65 SILO WASTE CHARACTERISTICS 
The current volume of K-65 residues contained in the silos is estimated to be 
195,000 cubic feet (8700 MT). The chemical and radiological characteristics 
of the K-65 residues are summarized in Paragraphs 2.3.1 and 2.3.2 below. The 

----- --___-... __-_ - - 

- - - ------ -- 

0 
total void volume above the stored residues is estimated to be 87,500 cubic 
feet (No. 1 of 38,000 cubic feet and No. 2 of 48,000 cubic feet). 

_________- -________ ~ - -  - - - -- _ _  

2.3.1 Chemical Characteristics 
Approximately 40 percent of the K-65 material is composed ------______ of silicates 

L __-__---.. 

(Si02). The other c0rgJituent.s that make-up 1 Percent 0-r m r e  of t_he residue 
-include calcium, iron,.magnesium, . and -__ _- lead. No organic - constituents are known - -- 

to be present in the K-65 residues, although confirmatory dat 
available. I 

- - - - - - 

2.3.2 Radiological Characteristics 
The radiological constituents of the K-65 . - . . residue . _ _  . . 

include 11,200 kg of uranium (0.71 
226). The radium concentration is Ra-226/ton residue. Radon flux... 

been estimated to __ - 

U-235) and 3000 Ci of radium (Ra- 

. 
measurements made in-&.tob 

obtained ~ on surface.s -- .that .contained observable cracks. ' 

1984 at 24 locations on each silo rzged from 123 
- - . . . . -L__I___~-- .  -_.__ 

- . . . . .  pCi/m2/sec to more .- - than - 3 P lo7 pCi/m2/sec. .._ - . . . . . - The highest flux values were 
___.-- 

At present, D radiation exposure rates on the surfaces of the K-65 silo 
domes are approximately 145 and 185 mrem/hour, and the radon emission levels 
monitoring results are 45 pCi/liter and 20 pCi/liter, respectively. 

. --__ 

- -  - _ - _ _  

2.4 INTERNAL ATTENUATION LAYER SELECTION 
The internal attenuation layer is intended to reduce both the levels of  radon 
gas and gamma radiation emitted from the silo residues. 
was also intended.to provide support for the weakened portion of the silo 
roof; however, recent inspection of the silos and other developments have 
resulted in decoupl ing ther-~~f-.supp.~-~~--~t;om--the at tenuati%n iayer'-sT-ttiat 
independent systems that provide either attenuation or roof support can . -  be 

evaluated separately. This report discusses the various methods and 
combinations of methods proposed to accomplish these tasks and the selection 

of the methods determined to be the most feasible. 

Initially, this layer 
- . . -- 

. ... _... ~ . __.  . . . ___ 

(4&zd?.. 

rAwdJ 
LiL; .. .- - . -- . - -- 

- ,. _ _  .- -. - . .___ - __ . 

000008 
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3.0 INITIAL SCREENING OF ALTERNATIVES 

The initial development of various alternatives for the attenuation of the 
radon and gamma and the support of the silo roof resulted in the following 
list. 

RADON ATTENUATION METHODS 

Venting of air space in silos 
Modification of existing radon treatment system 
Three-foot rigid foam layer on sludge surface 
Three-foot foam layer on top of sludge with elastomer seal to 
silo 
Permanent or reversible gels 
Organic melts 
Latex emulsion 
Bentonite 
Cementitious materials 
Activated carbon 
Magnesium sulfate, silica gel, etc. 
Transfer of Silo 3 material i o S i l o s  1 and 2 
Other granular solids and co 

t 
1 ations. P 

SILO DOME SUPPORT OR COM- I ON 

Dome cover 

material over radon attenuation layer 
within top of silo. 

These options were evaluated according to the following criteria: 

Application ease 
Exotherm 
Dimensional stability 
Technical complexity 
Impact on final remediation 
Public perception 
Environmental and safety considerations. 

Reference Appendix A for the June 1988 report entitled "Qualitative 
Feasibility Study of Alternatives for Interim Remediation of K-65 Silos." 

OO@OU9 
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3.1 
The listed alternatives provide either radon and gamma attenuation, or roof 

DISCUSSION AND SELECTION OF ALTERNATIVES FOR FURTHER EVALUATION 0 
support. 
combination of alternatives may be _I_-- necessary. 
addressed in later sections of this report. The alternatives in this section 
will only be evaluated relative to their performance for that criteria and 
relative to the others in the category. 

In order to provide both roof support and radon attenuation, some 
-_I-__- -. ---_ ----------------- 

Those combinations will be - ---I..-.-. 

Radon can be controlled by either stopping -. or reducing - ---- the - emFssion.-from the 
sludge by placing a barrier over the sludge or  by collecting and treating the 
radon as it is emitted from the silo. The first two options treat the emitted c , ~  

---_-------- __I_ : 

. 

radon by controlling the release. The first option was 
further consideration because it did not provide 
and no reduction 
require further testing to determine carbon 
systems utilizing .activated carbon are use. The 

in the gamma emitted from the The second option would 
since radon treatment 

\ 

degree of capacity loss  due to the is not known. Gamma 
. - . . _ _  --- - -  

emission is not reduced. 

The application of a spra am layer to attenuate the radon by stopping its 
diffusion into the atmosp P ere was considered to be a likely candidate. A 
detailed stu 
"Engineering S 
Reinforcement Project at the Feed Materials Production Center," August 20, 
1987, by IT Corporation and Advanced Science, Inc. However, no continuous 
polymer foam structure of these dimensions (80-foot diameter) has ever been 
produced to date. Uncertainties about application methods and dimensional 
stability led to the request by WMCO to perform a large-scale pilot study. 
The draft of the "Mock-up and Demonstration Plan for Foaming of K-65 Silos" is 
provided for reference in Appendix B. 

f this option was presented to WMCO in the report, 
dy of the K-65 Storage Silo Radon Mitigation and Dome D 

- _ _  -- 

The . _____ concqtual ----- - cp_s_t-estimate for the 
test of approximately $300,000 eliminated _- this-sption from furt-her 
invest iga t ion. 

-- 

Addition of some type of organic polymeric-type materials, including gels, 
asphalts, and latex emulsions, had some interesting possibilities but were 

9 6 ;  $(. 0 
finally rejected because:;the .. . materials had not been tried before and no real 

OO@OLO 
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0 " .  -, 

data existed for this type of application. In addition, all materials had the 
potential for producing a mixed waste. 

Inorganic slurries and cement-type materials were also considered but finally 
rejected because they also required some development. 
were finally rejected because of the potential for cracking and lack of 
dimensional stability. 

Lightweight cements 

Activated carbon, magnesium sulfate, silica gel, and similar materials were 
rejected because the water in the slurry would be adsorbed into the material 
and reduce the radon attenuation capacity. The concept of a dessicant layer 
between the sludge and 
in the sludge than can 
the silo. 

the carbon was eliminated because thereMmore water 
be adsorbed in a dessicant layer that fit inside 

The transfer of Silo 3 material into Silos 1 and k was considered because the 
material was available, already a low- vei waste, and could attenuate the 

because of public and regulatory radon and gamma. It was finally reje 
concerns for handling the m terial twice (i.e., transferring to the silos and 
in the final remediation) 

P P 
is considered the most promising. Sand, fly ash, A- g&<.\ .._ 
or lime could be used. These materials are readily _- 

available and pose no significant development or handling problems since they 
are all currently available in bulk. Uranium mill tailings and radium 
tailings are currently attenuated with a layer of soil. 
developed further. 

This option will be 

Dome supports that were rejected include an inflatable bladder, a dome cover, 

potential puncture problems. 

op.-'- - 
&.$jL-fl 
€?$2- 

and an elastomeric seal. The bladder was rejected because of installation and 
The dome cover and the elastomeric seal were il 

rejected because of installation problems. 
combined with a radon/gamma attenuation layer, and as such do not offer any 

They would also have to be 

0 advantage over the addition of a loose fill above the attenuation layer for 
s i l o  roof support. 

ENG 14303 
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combinations for 
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Granular fill material to provide a radon attenuation layer ..... only 

Granular fill layer combined with loose fill to provide silo roof 
. . . . . .  . . . . .  . . .  

- . - . . . . .  . . . . . . . .  support . - _ _  . . .  . . .  

An elastomeric membrane above the granular fill to provide an 
impervious seal on the attenuation layer, both with and without the 

. . . . .  _. ... .- ..  .. - . -  loose fill. . .......... 

P 

000012 
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As a result of the initial screening, the following granular fill/loose fill 
combinations will be evaluated further for the temporary remediation of the 
K-65 silos: 

-- 
I 1 .  A loose fill of styrofoam "peanuts" only 

I 2. A loose fill of vermiculite/perlite only 

3. A 4-foot layer of sand 

4.. A 4-foot layer of fly ash 

5. A 4-foot layer of sand/fly ash with an elastomer s e a 4  

6. A bfoot layer of sand/fly ash with peanut fill 

7. 

I 

A 4-foot layer of sand/fly ash with elas membrane and peanut 
fill. 

.- 

A total of about 76,000 cubic feet is r uired to completely fill both 
,silos. For the 4-foot attenuation la ers alone, only 40,000 cubic feet are P - ... .~ .. . 

A -. 

needed for both silos to e r .  The evaluations are done with the same 
- - .. . _. 

criteria as in the initiah s'creenings except for the exotherm criteria, which 
is not e in these cases, and the addition of a cost criteria. 

4.1 STYROFO d M PEANUTS 

Styrofoam peanuts are extensively used for packaging and protection of all 
types of materials. 
considered here, are probably the easiest to add to the silo. The peanuts can 
be airveyed into the silo from the bulk carrier. The application method would 
also allow the silo to be completely filled, and would minimize the ALARA 
concerns because no one would be on top of the silo except to assemble, 
locate, and move the airveying system. -A screen with a high-efficiency 

These peanuts are lightweight and, of the materials 

ENG 14304 
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the air.. Radon and gamma mitigation would be minimal due to the extremely low 
bulk.Gsity of the peanuts. Upon remediation the.-peanuts could be sucked . .  or 
blown out, compact.ed,.-and. ... then buried or burned. 

......... ....... -. -__ 
.... . .  

..................... , . ... ... ....... I- ... . . .  

Evaluation Criteria 

Application Ease - Because the peanuts are lightweight and can be applied with 
air, 
come 
from 
HEPA 

the installation would be relatively simple. The delivery trucks usually 
equipped with a blower for the transfer of the peanuts. A transfer duct 
the truck to the silo would have to be constructed and a screen with a 

a filter placed on an exhaust manhole for the air to e s c a p r -  
- 

...... .. ....... _ _ _ _  .--.-.. . . . . . . .  .- -- -.. - __ .- . __ .... 

Dimensional Stability - The peanuts, because they are loosely packed, will 
settle and may require an additional application to fill the voids caused by 
settling. 5 I-- ' 

Technical Complexity - Minor, because is type of material handling is 
commonplace. P 0 

- Because the bulk density of the peanuts is ab0u-L 
f?' _. . _ -  

Impact on Final Remediat' 
.338 pound/cubic foot andf$e absolute density is .665 pound/cubic foot, t h e w  
material can compacted to reduce the volume. Hot melt roll compactors are 
available to/ campress and melt the peanuts. 

p"! ___ . - 
They could also be burned. ;%. v u' 

Public Perceotion - Would probably meet with some skepticism. 
. .  

1 ;  

Environmental and Safety Considerations - The peanuts . would provide minimal P'-(+'.- 
. . . . .  .-- . .- 'r-.'.' &7 CY - 

mitigation of the radon and gamma radiation due to its low density and high J 

.-.., I ' - - :- void space. The filled silo would provide some protection against roof 
failure except that the peanuts may compact under the weight o f  any concrete 
that may fall and compromise the mitigating effect of the material. 

. . . . .  -- -- - . . . . .  . . . . . . .  -- 
F & d ~  

> /  

,,< *. \ 
' 3 Cost - The cost of 76,000 cubic Ceet of peanuts is about $44,000 including 

freight. Installation costs would include construction of the portable duct 
work, the exhaust system, and installation technicians. About 2 hours per 

/. - 
- 

. ? .  . 
1 .i',rqj 

0 
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0 truck are required f o r  unloading. 
trucks to supply the necessary amount of peanuts, 5 days are required to 

At four trucks per day and a total of 20 

install the peanuts. This assumes there are 76,000 cubic feet of peanuts 
stockpiled somewhere, so a long lead time may be required to accumulate that 
much material . 

4.2 VERMICULITE/PERLITE 
Although vermiculite and perlite are technically different materials and each 
material comes in various grades, they will be considered as one for this 
application because the major physical characteristics of the two materials 
are similar. 

i Summary 
This material is used as poured fill block walls, 
filter aids, additives for concrete expanded form of 
an inorganic silicate that exhibits moisture 

\-. . -- -. 

- .  . 

- .. . ---- . ., -- 

0 resistance, and nonflammability. ---- - the material is o n l y  
. .  

~ 

- 

available in 4-cubic foot bags so would require handling bags 
. .  

of material in addition t 9 e  conveying and distribution of the fill in the 
silo. 
however, the vendors do nbt recommend this method because vermiculite tends to 
clog the trapnr system. The -- norrnalsmethod -_ r - -  - -  of adding the material is to dump 
from the bagg;/liirectly into the silGjThis would cause additional ALARA 
concerns because personnel would have to be on the silo during the 
operation. 
although its bulk density is relatively low. Material and installation costs 
are higher than the costs of Styrofoam peanub, and the ALARA concern would be 
greater. - 

The bags could be K t i e d  into a hopper and airveyed into the silo; 

- - .  , 

The vermiculite would provide some radon and gamma attenuation 

f,%, -- 

Evaluation Criteria 

Application Ease - The addition of the vermiculite/perlite would be more 
complex than the peanuts since the material comes in bags and would require 
more handling and exposure to the silo contaminants. 

ENC 14304 
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.J 
Dimensional Stability - The material is more dense than the peanuts and 0 exhibit less of a tendency to . . .  settle; however, . . .  some settling may still 

1 ..... . . __ __ ... _ _  .... . .  . 

...... . .  

occur. 
and above the manholes to provide support to that portion--of the dome. 

Additionally, it would be difficult to fill the area under the dome __ ..... - . . . . . .  ... .-.-. ........ --. . ~. '- -.- 

Technical Complexity - The additional handling associated with the bags and 
the difficulty of filling under the dome makes this more difficult than 
peanuts alone. 

Impact on Final Remediation - The material could be compressed somewhat prior 
to disposal, but not nearly as much as the peanuts. Removal could be done by 
vacuum; however, the same problems that are evident with airv4nstallation 
nay occur. 
silo contents and disposed. 

Because the material is a loose fill, it could be &moved with the 

G Public Perceotion - The public may not be convinced about the applicability of 
this attenuation method. 

....... .3 _I --... 

P 
Environmental and Safety Cpqsiderations - The vermiculite/perlite would r ' ,  

provide be,tter attenuatiddf the radon and gamma than the peanuts; howev!?!?, 
it may not provide positive support to the dome because it would be difficult 
to get the &ial under the dome and above the manholes. 

0 
I 

. t  
? .  

i/; 
Cost - - Enough vermiculite '-to fill the silo would cost about . -- $83,000, including 
delivery. Additional costs for installation and the ALARA concerns would make 

this - option . .  w-y-.expen.sjye. 
- . . .  

...... 

4.3 SAND 

Summary 
Sand is a readily available, inert material that could be used to mitigate the 
radon and gamma radiation and provide silo support. A 4-foot layer of soil is - 
commonly used for.radon mitigation of radium tailings, so an equivalent layer 
of sand should provide similar results. 
handled. 

Sand is relatively cheap and easily 
Air could be used to install the sand; however, its density (about 

_ _  .- - - 0 - _ -  - -  

ENC 14304 
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100 pound/cubic f o o t )  would r e q u i r e  a s i z a b l e  blower and its tendency . .  - t o  d u s t  
would create problems wi th  t h e  s i l o  . . . . . . . . . .  exhaus t  a i r  
probably_be .the_.mps_t.effLcient..-metho-d. of i n s t a l l a t i o n .  .-Ly--'. and is a v a i l a b l e  i n  

.. .. ___--.-- B7 - -__+ - --. 

A p o r t a b l e - E F v e y o r  would 
. . . . . .  ........... .......... /-- . . . . . . . .  - 

bulk.  As wi th  t h e  v e r m i c u l i t e ,  sand would be d i f f i c u l t  t o  f i l l  i n  t h e  area of 

t h e  s i l o  above t h e  manholes and below t h e  dome s o  some measure o f  s i l o  suppor t  

could be l o s t .  An even layer may a lso be d i f f i c u l t  t o  .... ach ieve ,  . .  bu t  #' i f  t h e  
minimum t h i c k n e s s  is ob ta ined ,  t h i s  shou ld  n o t  be  . . a problem. 
compress ib le ,  so remediat ion 'would have t o  contend wi th  t h e  e n t i r e  volume of 
sand added. ALARA concerns would b e  improved s i n c e  t h e  i n s t a l l a t i o n  is done 
remotely (conveyor)  and t h e  sand would p rov ide  adequate  a t t e n u a t i o n  of t h e  
radon and gamma. 

____. ........ ,.- -_-_ .- ---_-.- -. . 
Sand is n o t  

.............. --- 

Evalua t ion  Criteria 

Applicat ion Ease - The sand is - - -  re-l_ati-v-ely d u s t y  s 
would r e q u i r e  a n  e f f i c i e n t  d u s t  c o n t r o l  system, ---- d iW-fiW-fiLmL i 

_e_-Ln-st&gt&~-p ----... r 0 c ed u r e - 

Dimensional S t a b i l i t y  - The d e n s i t y  e sand and its p a r t i c l e  s i z e  would 
make it  q u i t e  s t ab le .  

l e v e l  i n  t h e  s i l o  does Based on r e c e n t  video t ape  data ob ta ined  
- .. s e t t l i n g u l d  ______ ---_ be expected .- i f  -- the--moisture 

by WHCO, t h e s i l o  contends appear  t o  b e  packed and s tab le  enough t o  suppor t  
t h e  sand. 
s i n c e  t h e  s '  

e sand would not  be expec ted  t o - d r y  and crac P a f t e r  i n s t a l l a t i o n  
. -  D - __ 

is under e s s e n t i a l l y  c o n s t a n t  humidi ty .  

Technical  ComDlexity - Bulk t r a n s p o r t  and handl ing  o f  sand is common. 

Impact on F i n a l  Remediation - Removal w i th  t h e  c o n t e n t s  would be  t h e  most 

desirable. 

uncontaminated l a y e r  f o r  u l t i m a t e  disposal .  

The sand nay be  able  t o  be s e p a r a t e d  i n t o  a contaminated layer and 
Volume r e d u c t i o n . i s  n o t  o the rwise  

poss ib le  . 

Public  Percept ion  - Probably better than  wi th  peanuts  or  v e r m i c u l i t e .  

ove ra l l  s a f e t y  margin for radon and gamma a t t e n u a t i o n  because s o i l  is commonly 0 Environmental and Sa fe ty  Cons idera t ions  - T h i s  probably provides  t h e  b e s t  
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used for radon attenuation. Even though the sand may not be able to fill the 0 void under the dome above the manholes, 0 the thickness of the sand at that 
/ - -_ --._ - 

point would provide adequate protection from roof failure because the falling 
concrete would probably not impact the sand deeply, and sand provides 
excellent support for falling material. 

Cost - Sand is quoted in Cincinnati at $4.60 per ton delivered..lo.call.y, - ~ ~ .- . 
Material costs for the 4-foot attenuation layer in both silos would be 
approximately $12,466. 0 Bulk delivery to the portable conveyor and ---- 
installation should be fairly simple. 

4.4  FLY ASH 

Summary 
Other than a lower densi-ty (about 45 pound/cubic 
inorganic composition, fly ash would have similar as sand for 

and a different overall 

this application. Fly ash has one maj advantage over sand in thac it is 
"free", on-site and has to  be dispose somehow anyway. Radon attenuation, 
silo support, and ALARA cyjiderations should be similar to sand. 

b 
Gamma 

0 
attenuation w i l l  be l e s s 6  the same thickness of fill. 

have to be m e s s e d .  

Installation 
procedures would be simi i ar to sand and the same concerns for dusting would 

Evaluation Criteria 

Application Ease - Other than having to load the material onto trucks to 
transport to the silos, the application should not be much different than 
sand. 

Dimensional Stability - Similar to sand. 
should be insignificant. 

Some settling may occur but it 
Drying and cracking should not be a problem. 

Technical Complexity - Frocess involves the bulk handling of a dusty material. 

ENC 14304 
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0 Impact on Final Remediation - The fly ash has to be disposed of at some point 
anyway, although it currently is not low-level waste. It is not "new" 
material to be disposed of as any of the other methods would create. 

Public Perceptions - Should be fairly positive. 

Environmental and Safety Considerations - The other methods introduce a new 
material that has to be remediated; this method does not. The fly ash would 

provide radon attenuation and silo support equivalent to the sand; gamma 
attenuation would be lower in comparison, and ALARA would be slightly higher 
because of the lower gamma attenuation. 

- Cost .- Probably the lowest of all methods because the only cost 7 will be 
installation. Installation cost will be slightly her than sand because the 
fly ash has to be picked up and transported. 

4.5 SAND OR FLY ASH WITH AN ELASTOMERn MEMBRANE SEAL 
r \  

Application of a spray c 
Surmnary 

fly ash/sand could add a ditional radon attenuation; however, it would not 
provide any d 
failure. 
additional step is required. This additional step is also a complex spraying 
application chat requires uniform distribution across the surface of the fill 
material. ALARA concerns would be increased because additional personnel 
would be on top of the silo for a longer period of time; although during the 
membrane addition step, the fill material would be providing increased 
protection from the radon and gamma radiation. 
breach the membrane and the fill material would be left to provide 
attenuation. 

'ng of an elastomeric membrane on top of a layer of P 
tional gamma attenuation or protection from silo roof 

Thki?pplication of the membrane would be complex because an 
ka), 

Failure of the silo roof would 

000019 
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Evaluation Criteria 0 
Application Ease - The addition of the elastomer would provide additional 
complexity to the installation of the materials. 

Dimensional Stabilitv - The granular fill would be quite stable. 
membrane, by definition, is flexible. 

The 

Technical Complexity - The membrane addition is more complex than any of the 
previous options. 

Impact on Final Remediation - The membrane would have to be of along 
with the silo contents. The volume of the material would be 

/ 
the silo contents. 

Public PerceDtion - Politically, a "seal" on the r ilo contents may have 

positive public perception. 

- The membrane would provide a relatively 
however, a sufficient sand/fly ash layer 

The membrane would not provide any 
protection fi roof failure because it would be breached by the concrete, and 
attenuationwld be based on the fill layer alone. 

Cost 7 - The membrane application would add significant cost to the project. 

4.6 SAND OR FLY ASH WITH PEANUT FILL 

Summary 
This option is an extension of the sand or fly ash option with the addition of 
peanuts (or vermiculite) to the space under the dome where the sand or fly ash 
cannot be placed. This provides no additional radon or gamma attenuation, but 
may provide some roof support. 

ENC 14304 
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Evaluation Criteria 

Apulication ?:-;e - Somewia: more -2mplicated because the additional step for 
the peanut i '--l has been includei. 

-- 

Dimensional Stability - No significant settling of the sandlfly ash fill is 
expected; although, the peanut fill may settle somewhat, this should not 
present a problem. 

Technical Complexity - Obviously more complex than sand or fly ash alone, but 
because the volume of peanuts required will be relatively small, this should 
not be too much of a problem. some dusting 
of the fill already in the silo. 

The air transfer system may cau 4 
f Impact on Final Remediation - The peanuts would h 

and then burne+ or buried. They may not be low-1 vel wasca. The other fill 
to be remcyed, compacted, 

0 would be dispcxd of with c.ie silo con nts. Some of this fill could be 

segregated. P 
Public Perception - May the roof support as positive although the 
peanuts may be seen with 'some skepticism. 

Environmenta d Safety Considerations - The peanuts on top of the fill 
material do not gain any significant technical or safety advantage over fill 
alone. Political impact may be positive. ALARA concerns about the additional 
time to add the peanuts could be offset by the attenuation provided by the 
fill material. 

Cost - The cost for 36,000 cubic feet of peanuts will add $21,000 to the cost 
of the fill material used. 

4.7 SAND OR FLY ASH WITH AN ELASTOMERIC MEMBRANE AND PEANUT FILL 

0 Summary 
This option includes an attenuation layer of sand or fly ash, an elastomeric 
membrane, and peanut overfill. The purpose of this combination would be to 

ENG 14304 0 0 0 0 2 ~  
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provide attenuation, seal the silo, and provide roof support. The peanuts 
would protect the membrane from damage if the roof were to fail. 
stallation of this combination would be the most complex of the options 
discussed here. This option offers little improvement in radon and gamma 
attenuation and provides negligible roof support. 
combination would be very complex and expensive. 
positive . 

In- 0 
Installation of this 

Public perception may be 

Evaluation Criteria 

Application Ease - The most complex of all the options. Three steps: 
installation of the fill, spray application of the membrane, fill with the 
peanuts. 

Dimensional Stability - Sand or fly ash should be 
stretch and shrink as needed, and the peanuts may and compact somewhat. 

membrane w i l l  

Technical Complexity - Several steps pplication will increase the 
complexity of the project. The of the membrane over an uneven 

A 
layer of sand or fly ash be difficult. 

Impact on F i M  Remediation - More material to remove. Styrofoam peanuts and 
membrane wik 'e disposed as organics. 
radioactivity. The fill w i l l  be removed with the silo contents. 

They should not be concaminated with d 
Public Perception - This may be perceived as the most acceptable method for 
temporary silo remediation. 

Environmental Safety Considerations - The membrane is impermeable to the 
radon; however, the sand or fly ash layer should be sufficient to attenuate 
the radon. Therefore, the membrane only increases the margin of safety. The 
membrane provides no gamma attenuation. The peanuts only provide cushion for 
roof failure and protection from membrane penetration by falling debris. A 
layer of sand or fly ash thick enough to attenuate the radon and gamma 
radiation will be suffici.ecnt,to provide protection should the roof fail. The 0 
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e additional time required to install the membrane and peanuts, in contrast to 
the attenuation provided by the fill material, will have to be evaluated for 

ALARA concerns. 

- Cost - Material costs of $21,000 for the peanuts, $12,466 for the sand, and 
the cost of installation for the membrane make this option the most expensive 
of all the alternatives. 

4 . 8  DISCUSSION 
The overall, unweighted evaluation of the options considered in the final 
screening clearly shows that the sand and fly ash attenuation layers alone are 
the best alternatives of those considered (see Table 4-1 ) .  Th e two options 
provide effective radon and gamma attentuation, as seen from th T ALARA 
evaluation. The use of sand/fly ash is an extention of the Uranium Mill 
Tailing Remedial Action Program (UMTRA) findings. eference "Engineering 
Guides For Estimating Cover Material Thickness an 
Tailings" in Appendix C. A minimum 4- ot layer provides an effective barrier 
from debris should the roof fail. Ra and gamma attenuation are provided by 
the sand/fly ash layer, an the dome roof integrity is not critical. Recent 
video tape information o ned from WMCO of the inside of the silos showed no 

Volume for Uranium Mill 

e 
l? 

P 
scaling of the concrete t?? r of, which indicates the integrity is better than the 
earlier rep0 s had indicated. Roof failure into the silo therefore is less 
likely. The dition of peanuts or vermiculite on top of the actenuation 
layer provides no additional support of the roof. It does, however, enhance 
the safety margin by acting as a plug and cushioning the attenuation layer if 
the roof should collapse. The addition 0.f peanuts adds a significant 
difficulty in application, cost, and final remediation. The installation of a 
membrane over the sand or fly ash, and with or without the loose fill (peanuts 
or vermiculite), also adds significant cost and difficulty in application 
without any technical improvement in attenuation. The loose fill alone 
provides essentially no attenuation. 

13 

The option chosen as the preferred alternative is the 4-foot sand or fly ash e attenuation layer. 
similarities and advantages are comparable. 

Both sand and fly ash will be evaluated because the 
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Table 4-1. Evaluation Comparison Chart 

Evaluation Criteria 
Oot ion A B C D E F G Overall 

Peanuts 1 7 1 3 7 7 4 30 

Vermiculite 4 6 4 4 5 6 5 34 

Sand 2 1.5 2 2 4 4 2 17?:5.c; 

F l y  ash 3 1.5 3 1 3 4 1 

S or FA + 5 4.5 5 5 6 4 3 32.5 
Peanuts 

31 

34.5 
-r"! S or FA + 6 3 6 6 2 2 

S or FA + 7 4.5 7 7 

Membrane 

7 Y Membrane + 
Peanuts 

n 
Overall ranking is the sum of the in 
ranking is 1 for best to 7 (there ar 

better at that particula P criteria. 

criteria. A 7 does not 
performance requirements 

ual rankings with no weighting. Each 
en options) for worst of each 

ssarily mean that the item does not meet minimum 
that criteria; it just means the other cases are 

ria are defined as: I7 Evaluation 

A. Applica n ease 
B. Dimensional stability 
C. Technical complexity 
D. Impact on final remediation 
E. Public perception 
F. Environmental safety considerations 
G. Cost. 
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5.0 DEVELOPMENT OF PREFERRED ALTERNATIVES 

5.1 APPLICATION 

5.1.1 Method 
The preferred alternatives for development are to inject a mitigation layer of 
sand or.fly ash into the silos. The application method at the silos is 
identical for both alternatives. The only difference lies in transport of the 
material to the silos. Sand would be received in bulk trucks from off site. 
Fly ash is currently stockpiled on site. It would have to be loaded into a 
dump truck and hauled to the silos. 

The current application plan is to ucilize front end loaders, f ed hoppers, 
belt conveyors, spreaders, and a dust collection system as illustrated in 

f 
Figure 5-1. Two complete lines of equipment will used to minimize'fill 
time (to approximately 17 hours). Use of commonld available rental conveyors 

68 feet in length requires that a 10 by 23 feet in length section of the 
embankment around each silo be excavat This would need approval by WMCO 
and should be considered when performing the structural assessment. P 

0 4  

Sand or fly ash will be h F uled to the silo in 20-ton dump trucks. The 
material w i l m  alternately offloaded next to the feed hopper or' each system 
creating twoistbckpiles. 
material into the feed hopper. There is a slide gate valve at the hopper 
discharge to throttle the granular material onto the conveyor. The rubber 
cleated belt conveyor will carry the material up to the discharge chutes 
mounted on the manholes. At the two access manholes, spreaders will be 
installed to distribute the material evenly throughouc the silo. Displaced 
air from the silo will be vented by a blower or fan through a dust collector 
and HEPA filter. The current intent is to support the spreaders and discharge 
chutes from the manholes, unless the structural assessment by Carmargo 
indicates that this is not feasible. 

I 
A sobcat@ will be used to load the stockpiled 

/ 

0 The radon removal system will be operated prior to removal of the manholes. 
I t  will not be operated during the filling operation due to dusting. If work 
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is delayed for more than one work shift, radon monitoring equipment will be 
used to determine radon level in the silo head space. If radon levels exceed 
3.0 X 10 6 pCi/l in the silos, the radon system will be reinstalled and 

accumulated radon removed before work is continued. 

5.1.2 Equioment 
The list of major equipment is provided in Table 5-1. All equipment can be 
rented except for the spreaders, dust collector, and HEPA filter, which must 
be purchased. 

5.1.3 Availabilitv 
Rental equipment is available locally. 
tions documented in Appendix E. 
spreaders are stock items with 2- to 4-week delivery 

Reference vendor telep&e conversa- 
The dust collector, HEPA filtei, and 

5.1.4 Schedule G 
The earliest start date is 4 weeks frofithe receipt of a signed task order 
dependent on equipment delivery . Si t@rk duration 
Actual application duratio 
provided in Figure 5-2. 

‘ s  estimated at 2 days. R 
I 

5.2 TECHNIC~EASIBILITY 
The addition k/ sand or fly ash to the K-65 silos is 

is estimated at 1 week. 
Reference the schedule 

a relatively simple 

procedure and should effectively reduce radon emissions from these silos. The 
fill material will have the added benefit of reducing the gamma radiation from 
the silos. Although it is not expected that the addition of sand will cause 
structural problems with the silos, this must be confirmed by performing a 
detailed structural analysis (the Carmargo Report is being revised). Also, 
while the sand or fly ash cannot support the dome structure, they will provide 
radon containment even if the dome collapses. During the addition of the sand 
o r  fly ash to the silos, air emissions of radon and particulate will be 
controlled. Sand and fly ash are excellent fill materials because they are 
inert, not affected by radiation, not hazardous, not flammable, and readily 
available. The recent video inspection of the interior of the silos has 
reduced earlier concerns that the sand might displace or sink into the sludges 

e 

e 

e 
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Number 
Reau ired I tem 

2 Conveyors (Minimum 68 feet long) 

2 Spreaders 

2 Hoppers 

4 Bobcats 

1 Dust collector 

1 HEPA filter 

1 Hydraulic power unit 

1 ,  3a 

2a 

Front end loader 

20 ton dump tru k 
2 discharge chutes 

ENG 14305A 
07/14/88 F1 

O G O 0 2 8  

. .  . 



T I 

! I 
I 

I 

I 
0 
ri 

-t 
=F 

i - t t  
* I + * 
1 t- I 

I I I * -+ 
X a e 
5 
z 
c 
0 
5 a 

a 

0 w 
W 

, 

m 
0 
01 a 
G3 

2 
0, 
c 

0 
0 i, 

k 

a E 



W ""1: m I 1 I 

I 7- 
I 

a 

0. .d + 
_I - I 

$ I 

Q\ 
I rn + 
i 

tr 1 
1 

-t 7- 

EE t- =F E€ I I  

* 
.. 
fn 
X 
a 

H 

aJ m 
d E 
et 
0 
4 

z 
0 
c 

3 4 

3 a 



Date: 07/15/88 
Section No.: 5.0  
Revision No. : 0 
Page 7 of 1 1  

in the silos. 
surface cracks and should support the sand. 

The silo wastes are now reported to be dry enough to form 

5 .2 .1  Radon/Gamma Reduct ion 
The effectiveness of various thicknesses and types o f  sand is discussed in a 
draft report by G. S. Mihalouich of Rogers and Associates Engineering (RAE). 
This report is attached in.Appendix C. In this work, computer models were 
used to predict the diffusion of radon and shielding of gamma radiation 
through a bed of sand. 
sand used, radon emission reduction by a 5-foot  deep bed ranged from 100 to 89 
percent. Gamma reduction for the same cases was 83 to 73 percent. 
sand provided the highest reduccion of both radon and gamma ra tion and 
would be recommended. Because particle size, density, and mois ure content 

. 

The model predicted that, depending on the type of 

A masonry 

T 
for the fly ash are not available, the effect on 
modeled. This should be studied if fly ash is to 

emissions cannot yet be 

5.2 
The 
fee 

P .2 Structural Imolications 
proposed remedial action is to pr e a layer of sand approximately 4 

Assuming the sand 
c 

t in thickness on top of the existing K-65 material. 
weighs 100 pounds per cub' foot, the increase in weight of the total contents 
is approximately 20 perce P t. 

n 
/ Because the ve'ght increase is significanc, the silo should be evaluaced to 

determine what impact this increase will have. This should be a detailed 
structural analysis of the silo with the additional weight. 

5 . 2 . 3  Structural Assessment (to be added) 

5.3 ULTIMATE REMEDIATION FEASIBILITY 
One of the major advantages of this option is that the sand or fly ash should 
not complicate the final remediation of the K-65 silos. The silo residues are 
similar in physical form to sand or fly ash such that they could be remediated 
together. This would, however, add approximately 20 percent to the amount of 
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material to be remediated and ultimately disposed. 
in a proportionate increase in remediation cost as a result of the increased 
volume. .. 

This would probably result 

Some remediation procedures, such as solidification and vitrification, require 
addition of sand and other materials to enhance the treatment process. If 
solidification or vitrification is chosen as the final remediation method for 
the silos, then the addition of the sand or fly ash becomes a benefit. 

Overall, the effect of the addition of the sand or fly ash to the silos as an 
attenuation layer would have a minimal impact on the final remediation of the 
silos and their contents. T 
5.4.1 ALARA t 
giving considerations to P fficient operations and ALARA concerns. 

5.4 ENVIRONMENTAL AND SAFETY CONSIDERATIONS 

An ALARA review of the K-65 residue Si s 1 and 2 was conducted in accordance 
with the Statement of Work. Various 
multiple depths for radon attenuation and gamma shielding. 
conveyance into the silos 

lar fill materials were considered in P 
The mode of material 

s determined using good engineering practices and 

9 The fill mater Is reviewed were Styrofoam "peanuts", vermiculite, sand, and 
fly ash. 
necessary manpower, and time required for transfer, dose estimates were made 
(reference Table 5-2 and Appendix D). Using the time, distance, and shielding 
components of ALARA, the component that has the most bearing on dose reduction 
is time. The greatest dose for this fill project is contributed by the 
relatively short duration spent on the unshielded silo roof performing setup 
tasks. Each type of fill requires essentially the same setup time, and 
obviously the estimated dose for this event for various materials differed 
very little. 

J 
Given bulk densities and desired depths of materials, estimated 

The next ALARA factor of greatest impact is the distance afforded by remote 
filling methods. 
least initially, little shielding . .  L * ,  is afforded. 

Shielding is one of the desired results of the fill, and at 

000032 -. ._ . . 
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Ratea 
Shield Material (rnR/hr ) 

Air 
Sand 

i foot 
2 foot 
3 foot 
4 foot 

Styrofoam peanuts 
(fills airspace) 

Vermiculite 
(fills airspace) 

Fly ash 
1 foot 
2 foot 
3 foot 
4 foot 

71.04 

5.31 
.46 
.04 
.005 

66.33 

16.72 

2.19 
.73 

000033 

aDose DF at 81 crn above surface 

Of dovd- 

ENC 14305B 
07/14/88 F1 



Date: 07/15/88 
Section No.: 5.0 
Revision No. : 0 
Page 10 of 1 1  

The estimated radiation exposure for the K-65 Silo granular fill project 
5 9 7 8  

ranges from 1917.5 mrem to 3250 mrem depending on the material used. 
the practical knowledge that a slippage in the schedule could adversely affect 
the exposure estimate, a correction factor Of 2 . 5  was assigned to the 
calculated dose estimates. The correction factor, 2 . 5  x, is consistent with 
previous AS1 assumptions. Density (shielding property) of the materials and 
the mode of conveyance affect the final dose assessment. 

Given 

Material Versus Dose 

Styrofoam peanuts - Complete fill dose at silo dome reduced from 72 

Vermiculite - Complete fill dose at silo dome reduced 7 rom 72 mR/hour 

mR/hour to 66.3 mR/hour at the expense of 813 mrem exp ure 

to 16.7 mR/hour at the expense of 1300 mrem exposure 

Sand - Four feet fill dose at silo dome uced from 72 mR/hour to 
0.005 mR/hour at the expense of 767 mrem exposure f 
Fly ash - Four feet fill dose t silo dome reduced from 72 mR/hour to 

45 mrem exposure. P 0.73  mR/houk at the expense 

In addition to determinin e gamma shielding effect, radon attenuation 
afforded by the various f'll P materials is a major factor in the final 
selection Only the sand, with its limited suggested depth of 

all measurable radon emissions. 

5.4.2 Health and Safety 
This section covers non-ALARA health and safety concerns. In general, the 
work under this project will follow the guidelines of the most current 
revision of the Fernald RI/FS Health and Safety Plan. A specific Health and 
Safety Plan for the project should be included in the project work plan. This 
plan should include an evaluation of the possible hazards that may be 
encountered, training requirements, protective equipment requirements, 
monitoring and engineering controls, and the measures to control the release 
of hazardous and radioactive materials to the environment. The specific non- 
ALARA hazards from this operation include the possibility of entraining dusts 
from the silo wastes into the air, radon emissions, dusts from handling the 

ENG 14305 000034 
07/14/88 F1 



Date : 07/ 15/88 
Section No.: 5.0 
Revision No.: 0 
Page 1 1  of 1 1  

* 7; y ::z 2 
A*. .* . n 

fly ash or sand, and mechanical hazards typical of solids-handling 
equipment. 
from the silo may contain heavy metals and silica, as well as radioactivity, 
and will be removed from silo vencilation air by dust collectors and HEPA 
filters. The dust from the sand and fly ash will be controlled to meet 

These can all be addressed by engineering controls. The dusts 

exposure limits to silica and any metals or alkali components of the fly ash. 

5.5 COST 
Cost estimates are provided for budgetary purposes only with 230 percent 
accuracy. Back-up information is provided in Appendix E. 

Sand 
( $ 1  csl 

Fly a sh 

16,380 
0 

71,640 

- Subtotal A 86,893 88,020 

Equipment costs per silo 
Material costs per silo 
Labor costs per s i l o  

Total for two silos 173,786 
A 

1 7 6 ,  040a 

aDoes not accoun F for savings from using ash currently on site 
and incurring disposal costs one time. 
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1.0 INTRODUCTION 

SITE DESCRIPTION AND HISTORY 
The Feed Materials Production Center (FMPC) was constructed and began 
operations at the Fernald site in the early 1950s. The U.S. Atomic Energy 
Commission, predecessor to the U.S. Department of Energy (DOE), established 
this integrated production complex for processing uranium and its compounds 
from natural uranium ore concentrates for the needs of the United States 
government. Initially, uranium ore concentrates, and presently, recycled 
materials, are converted to either uranium oxides or uranium ingots and 
billets. They are machined or extruded into tubular form for production 
reactor fuel cores and target fuel element fabrication. - 

From 1953 through 1955, the FMPC refinery proces ? d  pitchblend a ore from the 
Belgian Congo. 
ore before it arrived at the FMPC. 
consisted of uraT::im concentrates (yellowcake) from Canada and the United 
States. 

No chemical separation or purifi;?pn was performed on the 
Beginning in '456 the refinery feed 

No uranium ore is current being received a t  the FMPC. The basic process 
performed now is the con er ion of uranium-containing residues, uranium 
hexafluoride, and uranium tetrafluoride to uranium metal. 

P 
'K-65 SILO H Q ORY AND DESCRIPTION 
The two K-65 silos, which are on the west side of the FMPC, were constructed 
in 1951 and 1952. The silos are used for storage of radium-bearing residues, 
a by-product of the uranium ore processing. The silos are structurally solid 
with the exception of a 20-foot diameter center section of the dome. 
present, two interim stabilization projects are underway to provide radon 
release control and provide some structural reinforcement to the degradi,ng 
condition of the dome center section. Phase I, the external foam application 
results, are reported in Westinghouse's letter TD: 88-056. Phase 11, the 
internal attenuation layer application, is scheduled for fall 1988. 

At 
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K-65 SILO WASTE CHARACTERISTICS 8 9 7 8  
The current volume of K-65 residues contained in the silos is estimated to be 
195,000 cubic feet (8700 MT). The chemical and radiological characteristics 
of the K-65 residues are summarized in Paragraphs 2.3.1 and 2.3.2 below. The 
total void volume above the stored residues is estimated to be 87,500 cubic 
feet (No. 1 of 38,000 cubic feet and No. 2 of 48,000 cubic feet). 

Chemical Characteristics 
Approximately 40 percent of the K-65 material is composed of silicates 
(Si02). 
residue include calcium, iron, magnesium, and lead. No organic 
constituents are known to be present in the K-65 residues, although 
confirmatory data are not available. 

The other constituents that make up 1 percent or more of the 

The radiological constituents of the K-65 re 
include 11,200 kg of uranium (0.71 percent and 3000 Ci of radium 
(Ra-226). The radium is 311 mg Ra-226Iton residue. Radon 
flux measurements made at 24 locations on each silo 

have been estimated to 
Radiological Characteristics 

7 2 ranged from 123 pCi/ ec to more than 3 X 10 pCi/m /sec. The highest 
flux values were obt in d on surfaces that contained observable cracks. P 
At pres nt the radiation exposure rates on the surfaces of the K-65 silo 
domes a f3 approximately 145 and 185 mrem/hour, and the radon emission 
levels monitoring results are 45 pCi/liter and 20 pCi/liter, 
respectively. 

INTERNAL ATTENUATION LAYER SELECTION 
The internal attenuation layer is intended to reduce the levels of radon gas 
emitted from the silo residues along with a subsequent reduction in the gamma 
radiation levels. In addition, this layer was to provide support for the 
weakened portion of the silo roof; however, roof support can be decoupled from - 
the attenuation layer and independent systems can be evaluated that provide 
o n l y  attenuacion or roof support. This report discusses the various methods 
and combinations of methods proposed to accomplish these tasks. 
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2.0 RADON A'ITENUATION METHODS &',, \: . :  * 
> ip . '. . 

J' 

VENTING OF AIR SPACE IN SILOS 

Summary 
Currently, barometric pressure changes result in some release of radon gases 
from the silo air space. A vent would be installed to control the barometric 
"pumpingtt action. 
treatment system to prevent release of radon. 

The .rent would be connected to a closed system or a 

Evaluation Criteria 

Application Ease - Installation of a vent system and connectio a to a separate 
radon control mechanism could make use of the piping and site 
connections. Structural support of the dome be required in 
addition to this alternative. 

Exotherms - Not applicable. P 
Dimensional Stability - papplicable. 

Technical C m exit - The technical complexity would be relatively low for e 
One possibility is venting to a sealed pillow tank. The tank would contain 
the radon gases while controlling the pumping action due to barometric 
changes. This system would require means to isolate the pillow tank 
periodically and verify its integrity. 

Alternatively, the vent system could vent through a gas dryer and carbon 
adsorption filter much like the current radon system. 

Impact on Final Remediation - The vent system would not significantly impact 
the final remediation activities. 

CRT1393 
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Public Perception - The vent system alternative should be acceptable from the 
public perception standpoint. However, "vent" incorrectly implies a release 0 of  material. A better name might be "pressure control system". 

Environmental and Safety Considerations - A passive vent system would not 
lower the radon concentration in the silo's air space. Also, internal 
pressure would be slightly greater than ambient pressure. 
would be decreased due to control of "puffing". 
the dome-sealing alternatives, the vent system may provide acceptable results, 

Releases of radon 
In conjunction with one of 

. 

P 
P 
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MODIFICATION OF EXISTING RADON TREATMENT SYSTEM 

Summary 
The existing radon collection and treatment system wou d be modi ied for 
extended runs, either continuous at lower flow or on an intermittent schedule 
as required, to prevent radon release from the s i l o s .  

Evaluation Criteria 

Application Ease - The existing system worked very well for lowering the level 
of radon gases in the silos, and thus reducing the risk of exposure to 
workers. 

Modifications to the system would be designed to optimize long-term 
performance.with minimal operating and maintenance a tention. / 
Most modifications would be made in the portable r ilding that houses the 
equipment . P 
Exotherms - Not applicable P 
Dimensional Stability - Nbt applicable. 

Technical C o Q x i i y  - The existing radon removal system has been proven in 
service. Modifications would involve changing capacities of equipment and 
improving the control system. 

Impact on Final Remediation - Modification of the radon removal system would 
not adversely impact future remedial activities. 

Public Perception - Public perception of the radon removal system would 
probably be acceptable. However, this alternative does not provide any 
structural support of the dome. Public perception may compel steps to prevent 
dome failure, or to contain any release due to dome failure. 

000843 
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Environmental Safety Considerations - The primary safety considerations with 
respect to the radon removal system would be monitoring and control of the 
discharge air. 

Another alternative would be required to address the possibility of a dome 
failure and/or a release. 

P 
P 
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THREE-FOOT RIGID FOAM LAYER ON SLUDGE SURFACE 

Summary 
Installation of a three-foot layer of foam to attenuate the radon instead of 
filling the entire silo simplifies the installation. Drawbacks include 
shrinkage, difficulty in achieving even application, and upon final 
remediation, disposal of the low-level radioactive waste that the foam 
becomes. Sampling would have to be done through a stovepipe or similar 
device. This method would be much simpler than foaming the entire silo. 

Evaluation Criteria 

Application Ease - Simpler than full foam. 

Exotherms - System is adiabatic; maximum is independent of amount 
added; will be below degradation temperature. 

I 

Dimensional Stability - Some shrinkage ‘11 occur. P 
pplication is common; however, this application 

will require innovation. 
Technical Comolexity - 

Impact on FidRemediation - Foam will have to be cut out and treated as a 
low-level ra ctive waste. Additional waste volume is created. 

Public Perception - The public would probably be receptive of this idea 
because it resembles the foaming option previously publicized. Their concern 
of no internal dome support would have to be dealt with. 

Environmental Safety Consideration - This method will reduce radon, but not 
eliminate it. 

CRT1393 
06/17/88 F2 



Rev.: 1 
Date: 06/17/88 

5 9 Y  Page 9 of 24 

This method would be essentially the same as the three-foot foam layer, except 
the elastomer would seal the gap formed by shrinkage. Less radon would be 
released. The application of the elastomer would be more difficult than foam 
alone. 

Evaluation Criteria 

Application Ease - More difficult than foam alone. 

7 Exotherms - Same as foam; elastomer should not be significant 

Dimensional Stability - Elastomer seals gap produce by shrinkage. 

Technical Complexity - More difficult application. e 
Impact on Final Remediation - Same as P o m ;  may be more difficult to remove 0 

P with elastomer seal in pl 

Public Perception - The public would probably be receptive of this idea 
because it r bles the foaming option previously publicized. Their concern 
of no intern support would have to be dealt with. 

Environmental Safety Considerations - Would reduce more radon release than 
foam alone. 
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PERMANENT OR REVERSIBLE GELS 

Summarv 
Gels are usually installed in a liquid form which become gel-like with time. 
The use of a pumpable gel would allow the installer to pump a liquid into the 
silo. The liquid would form a more consistent thickness over the silo before 
gelling. A reversible gel uses chemical additions either to liquify or gel 
depending upon the need. 
waste or a mixed waste. Additional waste volume is created. These gels may 
be more expensive than other methods. 

The gel would have to be remediated as a radioactive 

Evaluation Criteria 
J 

4 
Apolication Ease - Pumping a liquid into the silo would be relatively simple. 

J/ Exotherms - Gels release very little heat; the ymction is r ..ntively s,ow. 

Dimensional Stability - The gel wouL&+be flexible enough t o  adsorb movements 
of the silo and contents. i.. 

' ,.j 

/-- 
/' 

Technical Comolexitv - '&osing the right gel formula may be time-consuming. 

Impact on Final Remediation - Permanent gels would be treated similar to 
foams. Theireversible gels would be changed to liquid and pumped out. Both 
gel types would be treated as radioactive waste. 

Public Perceotions - The public may not perceive this option as a "solid" 
solution. They may still envision walls cracking and gel running out with the 
sludge. 

Environmental Safety Considerations - The gels should provide good attenuation 
of' the radon due to the nature of t . . : !  gel. Expansion and contraction effects 
would be minimal. The gel would be a radioactive waste. 
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5 9 7 8  
ORGANIC MELTS e, 
Summarv 
Molten organic materials, such as asphalt, petroleum based waxes, and carbowax 
(PEG), could be used to seal the top of the sludge. 
pumped in as hot liquids and would solidify as they cooled. 
compounds have low densities and would float on water, which might be 
desirable if the sludges are liquid and have low capacity for supporting other 
materials. 
me1 ts . 

The materials would be 
Some of these 

Flashing of water may be a problem as the sludges contact the hot 

34 Evaluation Criteria 

ADplication Ease - These materials can be poured but melting and pumping will 
require heated equipment and traced lines. 

Exotherms - Not a problem. ('* 

8. \ 
A 
/ 

Dimensional Stability - Qpansion of silo may open cracks that will result in 
minor increases in radopdeakage. 

,,/' 1 

Technical Complexity - Low. 

Impact on Final Remediation - Some organic materials will not be as easily 
disposed of as mineral-based caps. They might be mixed waste or require 
incineracion. 

Public Perception - The public may become concerned over adding hot material 
and flashing wastewater into the environment. 

Environmental and Safety Considerations - These materials will probably 
provide uniform seal, but may be damaged by debris from dome. Flammability 
may be a concern. 

. J a i I !  
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LATEX EMULSION 

Summary 
A latex emulsion, similar to latex paint, could be used to attenuate the 
diffusion of radon from the sludges. 
similar clays to provide a thixotropic character. 
pumped in and partially cured by lowering the humidity in the silo so that a 
latex film is formed. 
up. This system should be "self-repairing" if damaged by debris from the - 
dome. 

This emulsion would contain bentonite or 
The emulsion would be 

Multiple layers of film and emulsion could be built 

Acrylic as well as other elastomeric emulsions could be considered. 

Evaluation Criteria 

/ 
Application Ease - This would be one of the easier systems td install. 
most difficult aspect would be dehumidifying the silo to cure the film. 

The 

6 
Exotherms - Not a problem. 5 

'5 
1 .\ 

Dimensional Stability - Self-adjus&@ to expansion cycles and settling. 
.. 

/- , 
3 .  

Technical Complexity -..Ebw. 

Impact on.Fina1 Remediation - Emulsion may require solidification. May be 
more difficult to remove than some methods, although not as difficult as foam. 

Public Perception - The public may perceive this method to be too simple. 
, 

Environmental Safety Considerations - Should effectively seal sludge and 
tolerate debris from dome and installation uncertainties. 
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BENTONITE a Summary 

5 9 1 8  

Bentonite is effective in attenuating radon because it can retain significant 
amounts of moisture for extended periods of time. 

Application Ease 
Bentonite slurry is routinely used in various construction processes, and its 
handling characteristics are known. 
silos . 

Bentonite could be slurried into the 

Exotherms - There is no exotherm associated with bentonite. 

Dimensional Stability - Volume change of bentonite is dependdnt on moisture 
content. Because the environment inside the silo is relatively moist, the 
bentonite slurry would retain its moisture and &refore would not 
significantly change in volume. i 

i-4 
Technical Complexity - The radon a M n  ation characteristics of bentonite and 
other clay materials are,yell documented. 

i 

Applications of this type have been a 
i i 

previously studied. 
1 

Impact on Fi~al Remediation - The bentonite would add volume to the existing 
waste material in the silos and would require disposal as a low-level 
radioactive waste. 

Public Perception - Public perception should be no different from that of 
using foam. 
weakened section of the dome. 

However, this alternative does not provide support for the 

Environmental Safety Considerations - Bentonite is not a hazardous material 
and would pose no environmental concerns during installation. The effect of 

dome collapse on the bentonite would require study to ensure that this event 
would not alter the performance of this material as a radon barrier. If the 
bentonite were placed so .that it was plastic, the material would be "self- 

healing" in the event of a dome collapse. 
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,A; 
- i + CEMENTITIOUS MATERIALS 

* 

Summarv 
Cementitious products, such as concretes, grouts, gunnites, and sodium 
silicates, could be used to form a cap on top of the sludges to provide an 
effective radon seal. Multilayer combinations of these materials could be 
used to form a more effective seal. For example, a thin layer of fast-setting 
sodium silicate could be used to improve the strength of the sludge surface. 
A layer of lightweight concrete could serve as the primary radon barrier. 
This layer might then be coated with gunnite for strength and protection from 
debris from the dome. 

Evaluation Criteria I .  f'' 

Application Ease - These materials can be poured or applied by gunning. 
Poured mixes can be formulated for good flowability so that complete coverage 
of the sludge surface is assured. 

Exotherms - Not a problem. 

Dimensional Stability - Expansion of material will have to be considered. 
Settling and cracking could be a problem. 

Technical ComDlexitv - Low for concrete or gunning -.ixes. Sodium silicate 
formulations may be more difficult to control. 

Imoact on Final Remediation - Easier to remove than :'om; more difficult than 
loose ,  granular material. 

Public Perception - The public may become concerned about cracks similiar to 
those found in driveways. 

Environmental and Safety Considerations - Radon attenuation will depend on 
thickness and integrity of cap. Settling cracks could increase radon leakage. 
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5 9 1 8  

Activated carbon is used in t h e  radon removal system to  t r a p  t h e  radon u n t i l  
i t  can decay. 
could t r a p  t h e  radon. However, i n  t h e  presence of moi s tu re ,  radon removal on 

carbon approaches z e r o .  The s i l o  humidity i.s s a t u r a t e d  and t h e  carbon would 
no t  absorb  t h e  radon, therefore t h i s  technique w i l l  not  be  eva lua ted  f u r t h e r .  

Pouring a l a y e r  of a c t i v a t e d  carbon on t h e - t o p  of  t h e  s ludge  

, 

c 

. ... . ,  
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MAGNESIUM SULFATE, SILICA GEL, ETC. 

Summary 

Magnesium sulfate and similar materials act as drying agents and could be 
applied in a layer between the sludge and the carbon. 

method would work. However, too much water exists in the sludge, making this 
impractical. Therefore, this technique will not be used. 

Theoretically, this 
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OTHER GRANULAR SOLIDS AND COMBINATIONS 5 9 1 8  

Many different combinations of granular solids exist that could be used for 
the radon attenuation. Some of these include sand, gypsum, or flyash. Also, 
these solids could be layered with each other or with an elastomer to provide 
an additional seal. The more complicated' the system, the more difficult it 
will be to install. The solids will be difficult to place in a consistent 
thickness. Gypsum may react with the water to form a plaster-of-paris type 
skin that may help seal the radon. The addition of  an elastomer to improve 
diffusion resistance would make application and remediation more difficult. 

Evaluation Criteria 
4'' 

! 
Application Ease - Solids could be air-conveyed in; maintaining a constant 

/ 

thickness would be difficult. Addition of an d&torner would be much more 
y' 

difficult. 

A 
Exotherms - None with solids; e l a s t w  would not add significant heat. 

- 
Dimensional Stability -..As material absorbs moisture, it may clump and cake, 
forming cracks. Elastomer may seal these. 

Technical Complexity - For solids alone, application in constant layers would 

be difficult; elastomer application increases complexity. a 

Impact on Final Remediation - These materials would be easier to remove than 
the foam but would be radioactive waste. If flyash, gypsum, or lime is used, 
they could become part of the remediation by assisting in solidification. 
Elastomer, if installed, would have to be removed separately. 

Public Perception - The public may perceive that this material could "sink" 
into the sludge waste. 
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$! 5' '& d E n v i r o n m e n t a 1  and S a f e t y  Cons idera t ions  - Radon a t t e n u a t i o n  w i l l  depend on 

t h i c k n e s s .  
is t h i c k  enough. 

Roof f a i l u r e  i n t o  s o l i d  bed should n o t  impact radon release i f  bed 

/' 
!, 
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TRANSFER OF SILO 3 MATERIAL INTO SILOS 1 AND 2 

Summary 

- -a 5 9 1 8  

Silo 3 material is a dry metal-oxide, low-level radioactive waste material. 
This material generates very little radon. It is not much different from the 
other solids mentioned before, e.g., sand, gypsum, etc., except it is already 
a radioactive waste material. It could attenuate the radon as well as the 
other solids. 
providing some roof support. 
generated. 
evaluated. 

Enough material is present in Silo 3 to fill both silos, 
Silo 3 may be emptied. No additional waste is 

The environmental impact of the transfer would have to be 

Evaluation Criteria 

! 

Application Ease - Similar to other solids, except removal from Silo 3 will 
have to be evaluated. ,/- 

: a  
-/- 

Exotherms - None. 
I 

Dimensional Stability - &loose, granular solid that should exhibit good 
stability. , .  

Technical Cdtnplexity - Transfer from one silo to another will have to be 
evaluated. 

Impact on Final Remediation - May put all waste in two silos. Does not 
produce additional waste. Silo 3, if emptied, could be remediated. 

Public Perception - The public may have reservations on transfer of 
material. If Silo 3 can be emptied into other two silos, early remediation of 
Silo 3 may show progress and relieve some pressure. 

Environmental and Safety Considerations - Transfer of waste may have some 
impact. Radon release would be reduced. If silo is filled, silo support is 
provided. 
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3.0 SILO DOFIE SUPPORT OR COMBINATION 

DOME COVER 

Summary 
A lightweight, self-supporting dome cover could be placed on each silo. 
cover would extend over the entire silo and would minimize the environmental 
consequences of dome collapse. 

This 

Evaluation Criteria 

Application Ease - The cover could be manufactured and shipped to the site. 
Final assembly would take place at the site. 
crane or assembled in place. 
installed in a relatively short amount of time. 

The dome coverduld be set by a 
These covers can be readily obthined and 

Exotherms - Not applicable. 
. t 

i j  
Dimensional Stability - Not applicabfe. 

-1 

Technical Complexity - Wing the dome cover as a radon ,arrier is proba-ly 
more complex than other alternatives because radon attenuation depends on ( 1 )  
the materialbed to construct the dome, and (2) how airtight the do.me could 
be made, pacticularly with respect to the dome-silo interface. 

Assuming the dome cover could function as a radon barrier, the area where the 
existing concrete dome meets 'the wall would possibly allow radon to escape 
because the earth cover at this location is minimal. 

However, the dome cover could function as a secondary containment when used in 
conjunction with a radon barrier placed on top of the K-65 residue. 
minimize the environmental consequences of dome collapse by maintaining the 
interior of the silo in its present state. 

It would 
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Impact on Final Remediation - If the dome cover is used as a barrier and 5 9 7 8  
subsequently became contaminated, it would have to be disposed of as a 
radioactive waste. However, if the dome cover is used in conjunction with a 
radon barrier, it may not become contaminated and could be reused or disposed 
of as ordinary scrap. 

Public Perception - Public perception would be positive because the covers 
would provide additional protection in the event o f  dome collapse. 
dome covers would be visible. 

Also, the 

Environmental and Safety Considerations - A dome cover used in conjunction 
with a radon barrier located on top of the K-65 residue would maintain the 
present environment of the silo interior if the existing si dome were to, < 
collapse. ! 

. 1 .  . .  

. ’. 
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' . 2 .  ";,ELASTOMERIC MEMBRANE 

Summary 
An elastomeric membrane could be placed over the existing dome and along the 
top and sides of the berm where there is limited soil thickness. 

Evaluation Criteria 

Application Ease - The application is comparable to the recent operation in 
which a layer of rigid foam was placed on the dome. 
vegetation on the affected area of the berm would be required. 

Removal of existing 

Exotherms - Not applicable. 4 
i 

Dimensional Stability - Not applicable. 

Technical Complexity - The elastomeric membrane! seal was proposed to provide a 
seal between the rigid foam and the & l o  wall in the original design. 
Therefore, it is technologi'cally f e k h l e  for this application. 

.e ,.' 9 

If collapse of the centeP.,dome portion occurs, the existing temporary cover 
would provide support for the membrane. 

Impact on.Einal Remediation - The membrane would have no impact on final 
remediation because it is located completely outside the silo. 

Public Perceotion - Public perception should be favorable, provided the public 
is made aware that this is a temporary solution. 

Environmental and Safety Considerations - This alternative does not provide 
support for the weakened section-of the dome. 
with other alternatives, such as venting the air space in the silo or a radon 

It could be used in conjunction 

treatment system. 

000059 
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LOOSE SUPPORTING MATERIAL OVER RADON ATTENUATION LAYER 5 9 1 8  

Addition of a "fill" material over other radon attenuation material (such as 
Styrofoam "peanuts", vermiculite, or perlite), could be used to fill the void 
space over the attenuation layer to provide some silo roof support. The fill 
material would not necessarily be considered a radioactive waste. 
material could be used alone, but if so, it may not provide sufficient radon 
attenuation and would be considered radioactive waste. 

The fill 

Evaluation Criteria 

Application Ease - Material is easily handled by air. 4 
i 

Exotherms - None. 

Dimensional Stability - As a loose fill, would allow for all silo movements. 

;A,, 
Impact on Final Remediation - Fill over radon barrier could be incinerated. 
Fill alone.would be radioactive waste. 

Public Perception - Public perception should be positive if envisioned as a 
means of internal dome support or cushion. 
material alone would be poor considering porosity. 

Perception of use of "fill" 

Environmental and Safety Considerations - Would provide some roof support. 
Final disposal would depend on use; some may be radioactive waste. 

CRT 1393 
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INFLATED BLADDER WITHIN TOP OF SILO 

Summary 
A bladder could be inserted into the void space above the waste material, and 
then inflated sufficiently to  fill the space and provide some support of the 
dome. 

Application Ease 
The bladder would need to be inserted through one of the existing manholes. 
Cutting a larger opening would not be advisable due to existing structural 
problems with the dome. 
would be a critical factor in the compactness of the bladder when uninflated. 

Therefore, the thickness of the bladder material 

Mechanical damage of the bladder during installation or dama f e from possibly 
exposed reinforcing steel in the dome would be ficult or impossible to 
repair with the bladder in place, and would de the effectiveness of the 
bladder. Therefore, this alternative will not further. 

CRT1393 
06/17/88 F? 
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MOCK-UP AND DEMONSTRATION PLAN 

1.0 SCOPE 

This  mock-up and demonstration plan outlines the use, app1icatio:-. in- 
stallation, and instaliation monitoring of foam and elastomer m e .  -rial 
proposed for use on the K-65 Silo foaming project. 

ENG 1402 1 
06/03/88 F '  
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5 9 7 s  
2.0 APPROACH 

ASI/IT currently plans to subcontract Foam Enterprises to design, construct, 
and perform the mock-up and demonstration according to the following plan. 

There shall be two test forms prepared for the study. The small form will be 
a form approximately 8 feet in dimension. The large form will be 
dimensionally equivalent to a quarter section of the K-65 Silo. 
circumference arc of 90 degrees will be fabricated. 
representative of the manhole flanges will be suspended above the form. 

A 
A 20-inch ring 

An application technique will be defined through the use of-ethe small form. 
This form is convenient and economical for multiple tests, with minimum 
preparation time and waste generation. i 

/. 

:./ 

Full-scale demonstration of the application technique resulting from the 
series of small-scale tests will be performed using the large form. The 
actual application feasibility of the foam and elastomer through a 20-inch 

. ,‘‘I I 

manhole suspended above,the sludge will be further defined. 

Layering will consist of a-3-foot layer of wet sand (approximately 40 percent 
moisture), a 3-fOOt layer of rigid foam and, optionally, a sealant layer of 
elastomer applied along the circumference of  the foam/silo interface. 
Monitoring equipment will measure relative humidity, temperature in the area, 
temperature at the core of the rigid foam pour, surface temperature of the 
rigid foam pour, and volumetric expansion and contraction of the foam during 
cream time and cure. Cutouts of the small-scale pours will indicate layer 
interface properties. Adhesion of the rigid foam and elastomer to the 
concrete wall and to each other can be visually inspected. 
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3.0 MATERIAL SELECTION 

3.1 WET SAND 
A 3-foot layer of 40 percent moist sand will be placed in the bottom of the 
form to simuiate the damp sludge in the silos. Time permitting, the sand will 
sit until it reaches ambient temperature. 

3.2 RIGID FOAM 
The rigid foam proposed for use on the K-65 Silo foaming project is Foam 
Enterprises formulation MG-2B, a polyurethane foam (reference Appendix A for 
vendor literature). This  foam was proposed during the initial foaming 
plans. It was tested and confirmed at that time for as low,&-reasonably 
achievable (ALARA) radon attenuation properties. 

3.3 ELASTOMER 
The elastomer proposed for use on the K-65 Sild foaming project is Foam 
Enterprises Formulation FE7053, a polyurethane elastomer (reference Appendix A 

A. for vendor literature). J 
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4 .0  SMALL-SCALE TESTING 

4 . 1  FORM 
The 8-foot form w i l l  b e  f a b r i c a t e d  of plywood t o  a d e p t h  n o t  l e s s  t h a n  8 
f e e t .  The form w i l l  be c o n s t r u c t e d  t o  f a c i l i t a t e  r euse  f o r  more than  one foam 
formulat ion.  

4 .2  MONITORING 
Temperature-sensing thermocouples w i l l  b e  pos i t i oned  a t  t h e  sand/foam 
i n t e r f a c e ,  along t h e  foam/wall i n t e r f a c e ,  i n  t h e  approximate c e n t e r  of t h e  

foam pour, and on t h e  foam s u r f a c e  af ter  pour. 
condi t ion w i l l  b e  checked by c u t t i n g  out  a s e c t i o n  af ter  cud?. 

The foam layer i n t e r f a c e  

Two scaled r e fe rence  poles  w i l l  b e  pos i t i oned  6 ,&et apart i n  t he  foam t o  
measure volumetric foam movement. Foam d e p t h  pole  s p a n  measurements w i l l  

b e  recorded a t  1-minute i n t e r v a l s  f o r  t h e  f i r s ;  5 minutes  a f t e r  pour ,  a t  5- 

/ 

minute i n t e r v a l s  f o r  the  f i r s t  h o u r . k t e r  pour ,  and every 30 minutes 
t h e r e a f t e r  u n t i l  equ i l ib r ium s p a n s  - l -*iour .  

.. 
Measurements s h a l l  cont inue  t o  be 

taken twice d a i l y  u n t i l  nb 24-hour change is d e t e c t e d .  
” 8 

The r e l a t i v e  h u m i d i t y  of t h e  a r e a  w i l l  b e  measured w i t h  a hygrometer. Ambient 
temperature w i l l  be measured w i t h  an o u t s i d e  thermometer. 

4 .3  TESTS 
Actual t e s t s  may d i f f e r  based on f i n d i n g s  of p rev ious  runs.  
completion, acceptance by WMCO, and d u p l i c a t i o n  ( i f  r e q u i r e d )  of a n y  t e s t  
methods, subsequent t e s t s  a r e  not  necessary.  
a r e  preliminary recommendations: 

After  s u c c e s s f u l  

The fo l lowing  s e r i e s  o f  t e s t s  

Firs t  t e s t :  3-fOOt l a y e r  of damp sand;  cont inuous  pour of a 3-foot 
layer  of r i g i d  foam a t  maximum a p p l i c a t i o n  r a t e  of equipment 

Second t e s t :  3-foot layer of damp s a n d ,  1 .5- foot  l aye red  a p p l i c a t i o n  
of the r i g i d  foam; wait 15 minutes between a p p l i c a t i o n s  o r  u n t i l  
f a i l u r e  cond i t ion  of t he  f i r s t  t e s t  is  s a t i s f i e d  

. : .  
: 1 . . i  

ENC.14024 
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Thi rd  t es t :  3-foot l a y e r  of damp sand ,  1-foot  l a  
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i red a p p l i  a t i o n  o f  
t h e  r i g i d  : wait 15 minutes  between a p p l i c a t i o n s  o r  u n t i l  f a i l u r e  
condi  t ior .  J r ior  t e s t ( s )  is sat isf ied.  

Fourth 3 - f O O t  l a y e r  of damp sand ,  6-inch l aye red  a p p l i c a t i o n  
of t h e  , foam; wait 15 minutes  between a p p l i c a t i o n s  o r  u n t i l  
f a  i 1 u r  E ; i t i o n  o f  p r i o r  t e s t ( s )  is sa t i s f i ed .  

SRIA 

c ion  may be cons ide red  s u c c e s s f u l  if t h e  fo l lowing  
1- 

4 . 4  ACCEPTANCE 

A r i g i d  foam app 
c o n d i t i o n s  are me-. 

I n t e g r i t y  of t h e  foam s t r u c t u r e  is IT: . zained throughout ,  

Temperature does no t  exceed t h e  tempera ture  o f  deg rada t ion  
a t  any measured po in t  du r ing  t h e  a p p l i c a t i o n  o r  
pour .  

Expansion does n o t  exceed t h e  6 p e r c e n t  wed f o r  i n  t h e  s t r u c t u r a l  
e v a l u a t i o n .  

C o n t r a c t i c .  - s  k e y  -u a : .ylnum, wt- ,:r Lncrcases 1 t : ~  f e a s i b i l i t v  of 
.d 

s e a l i n g  wi.: t h e  .;? . 'amel 

Layer i n t e r f a c e  is icitact i i -y .  no deg:-;:-ation o f  t h e  foam s t r u c t u r e .  

e 

ENG 14024 
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5.0 LARGE-SCALE TESTING 5 9 7 s  

5.1 FORM 
The full-scale quadrant will be designed according to the sketch in Figure 5-1. 

The arc will be fabricated of plywood with optional plexiglass sections for 
visible inspection of the layer. A test section Of concrete blocks will be 
designed in one of the straight sides to test adhesion of the foam and 
elastomer to concrete. The remaining sidewalls will be fabricated of 
plywood. 
approximate location of the manhole on the silo. 
minimum depth of 8 feet to contain the foam. 

The 20-inch diameter ring w i l l  be suspended above the foam at the 
The form shall have a 

The form will be designed to 

4 facilitate reuse. 
1 
i 

The full-scale test will be set up with monitorin similar to the 
small-scale tests,. Temperature-sensing thermocou positioned at 

5 . 2  MONITORING 

the sand/foam interface, along the fo interface, in the approximate 
center of the foam pour, on the foam after pour, and in the elastomer 
layer after application. 

! 
Two scaled reference pole& will be positioned 35 feet apart in the foam to 
measure v o l d i c  movement. 
recorded at Ip'inute intervals for the first 5 minutes after pour, at 
minute intervals for the first hour after pour, and every 30 minutes 
thereafter until equilibrium spans 1 hour. Thereafter, measurements shall be 
taken twice daily until no 24-hour change is detected. 

Foam depth and pole span measurements will be 
: I  

! 

5- 

The relative humidity of the area will be measured with a hygrometer. Ambient 
temperature will be measured with an outside thermometer. 
damp sand layer will be taken for moisture analysis at a laboratory. 

A sample of the 

5.3 TEST - 
The full-scale test will be performed to demonstrate the following: 0 
ENC 14025 
06/03/88 F1 
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Feasibility of wand application of the rigid foam through a manhole 
with limited visibility 

Control of foam distribution and depth under simulated conditions 

Duplication of application approach as defined during small scale 
testing 

Feasibility of wand application of elastomer along the outer 
perimeter of the silo 

Temperature build-up and dissipation in the rigid foam layer and 
elastomer layer 

Volumetric expansion and contraction of foam. 

The full-scale test will be developed based on the results of th small-scale 

foaming. Application rates and other pertinent data will be < r corded and 
tests. Equipment used will be similar to that proposed for 

referenced when the procedures for actual silo fogdng are developed. 

actual silo 

5.4 ACCEPTANCE CRITERIA 
The full-scale test will be data will be collected. If results 
significantly differ from test results, additional tests may 
be required whereby know v riables (such as application rate or the cure time 
between layers) are adjugte 4 . Additional tests may be performed at the 
request of or ith the confirmation of WMCO. A 

000072 
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6.0 EQUIPMENT 

Foam Enterprises will use equipment similar i?. control, size, and capacity to. 
that used during actual foaming of the K-65 LLlos. 

applied with a truck-based system. 
per hour. The elastomer, if used, will be applied with a similar system at a 
maximum rate 4.0 gallor.; ?er .x. Also. .?ferer,?e the original fear;. 
report, "Engi?+?ring Study of  the ..;-65 Stc. ..d Silo ..ado; ).:itigation anc Dome 

Reinforcement Project at Feed Materials Production Center," submitted August 
1987 for detailing of equipment to be used, wand cleanout, raw material 
requirements, utility requirements, etc. 

The rigid foam will be 
The maximum application rate is 200 pounds 

. _  

P 
P 
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7.0 FINAL REPORT 

The results of the mock-up and demonstration will be analyzed and presented in 
a Quantitative Analysis Report. Primary areas to be addressed are ( 1 )  the use 
of a rigid foam alone or in combination with an elastomer seal, as 
demonstrated and documented in the mock-up and demonstration, and (2) the 
conceptual use o f  an alternative material in place of the layer o f  rigid 
foam. Draft copies or' the report will be submitted to WMCO f o r  review and 
comment per the task order. 

P 
P 
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MOCK-UP AND DEMONSTRATION PLAN 

1 .O SCOPE 

’ h i s  mock-up and demonstrat:,,: plan outlines the use, application, in- 
;callation, and installati.-- aonitoring of foam and elastomer material 
iroposed f o r  use on the K - i  : i l o  foaminp -7oject. 

ENG 1402 1 
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4.1 FORM 
The 8-foot form 
- 

feet. The form 
formulation. 

will be fabricated of plywood to a depth not less than 8 
will be constructed to facilitate reuse for more than one foam 

4.2 MONITORING 
Temperature-sensing thermocouples will be positioned at the sand/foam 
interface, along the foam/wall interface, in the approximate center of the 
foam pour, and on the foam surface after pour. The foam layer interface 
condition will be checked by cutting out a section after c u r d  

i 
Two scaled reference poles will be positioned et apart in the foam to 

be recorded at 1-minute intervals for the firs minutes after pour, at 5- 
measure volumetric foam movement. Foam depth pole span measurements will 

minute intervals for the first hour/%ter pour, and every 30 minutes 
thereafter until equilibrium spansjaour . Measurements shall continue to be 
taken twice daily until,? 24-hour change is detected. 

!d* 
i 

The relative humidity of the area will be measured with a hygrometer. Ambient 
temperature will be measured with an outside thermometer. 

4.3 TESTS 
Actual tests may differ based on findings of previous runs. After successful 
completion, acceptance by WMCO, and duplication (if required) of any test 
methods, subsequent tests are not necessary. The following series of tests 
are preliminary recommendations: 

First test: 3-fOOt layer of damp sand; continuous pour of a 3-foot 
layer of rigid foam at maximum application rate of equipment 

Second test: 3-fOOt layer of damp sand, 1.5-foot layered application 
of the rigid foam; wait 15 minutes between applications or until 
failure condition of the first test is satisfied 

. .  

ENG 14024 
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' c: Third test: 3-fOOt layer of damp sand. 1-foot layered application of 
the rigid foam; wait 15 minutes between applications or until failure 
condition of prior test(s) is satisfied. 

.if. 
-1, .f:A Lap 

Fourth test: 3-foot layer of damp sand, 6-inch layered application 
of the rigid foam; wait 15 minutes between applications or until 
failure condition of prior test(s) is satisfied. 

4.4 ACCEPTANCE CRITERIA 
A rigid foam application may be considered successful if the following 
conditions are met: 

Temperature does not exceed the temperature of elastome degradation 

Integrity of the foam structure is maintained throughout. 

at any measured point during the application or  subs ent to the 
pour. f 
Expansion does not exceed the 6 percent wed for in the structural 
evaluation. 

Contraction is kept to a minimum, which the feasibility of 

P 0 sealing with the elastomer. 

Layer interface is intact wi no degradation of the foam structure. 

P 
P 
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Feasibility of wand application Of the rigid foam through a manhole 
with limited visibility 

Control of foam distribution and depth under simulated conditions 

Duplication of application approach as defined during small scale 
testing 

Feasibility of wand application of elastomer along the outer 
perimeter of the silo 

Temperature build-up and dissipation in the rigid foam layer and 
elastomer layer 

Volumetric expansion and contraction of foam. 

The full-scale test w i l l  be developed based on the results small-scale 

foaming. 
actual silo 

Application rates and other pertinent data will 
tests. Equipment used will be similar to that proposed for 

referenced when the procedures for actual silo fo ng are developed. e 
5.4 ACCEPTANCE CRITERIA 
The full-scale test will be data will be collected. I f  results 
significantly differ from test results, additional tests may 
be required whereby know 
between layers) are adju tests may be performed at the 

as application rate or the cure time 

ith the confirmation of WMCO. 

V 
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7.0 FINAL REPORT 

The resuits of the mock-up anr.! demor!::-:ation will be analyzed and pre?.nted in 
a Quantitative Analysis Report. Priziary areas to be addressed are ( ’  che us+’ 
of a rigid foam alone or in combination with an elastomer seal, as 
demonstrated and documented in the mock-up and demonstration, and ( 2 )  the 
conceptual use of an alternative material in place of the layer of rigid 
foam. Draft copies of the report will be submitted to WMCO for review and 
comment per the task order. 

P 
P 
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G.ENE.UL INFORMATION 

The recomsnded application and handling procedures for the specific pro- 
duct bein;. used :,noold be known and followed by the foam applicator. A 
small "tesc area" of spray foam should be applied and inspected prior to 
commencing the project. This simple, lou-cost test area can indfcace in- 
adequate adhesion, fmproper surface preparation and/or primer, surface con- 
caminacion, impro\.c;r substrate and/or ambient cemperacure, equipment 321- 
functions, materia A concaminacion or impro;:er ap: :.cac i o n  technique A 
simple v i s u a l  inspeccion of a sample cut Srom r= -est and .:eriodic j (?o  
samples can reveal potential problems that may be due co oce  or mor<: c ~ f  
the above conditions. 

4 CAUTION 

The use of foamed plastic in interior app1icacior.s on ualls o r  ceilings 
may present an unreasonable fire hazard unless r, -? foam is 9rotecced by 
an approved, fire-resistive chermal barrier whick- :is a f inish-racing of 
noc l ess  chan 15 minuces. 

The information herein is to assist customers in decerrnining whether our 
?roducts are suitable for their applicac s .  UUT products are intended i o r  
sale c o  industrial and c o m a t c i a l  cus m rs. We -equesc that custcnrrs 
inspect and cesc our products before use anc iatisf;. themselves as to con- 
tents and suitability. U e d r a n c  that our products uill meec our vricten 
specif icacions. Nothing hk&n shall constitute any uarranty express ' o r  
implied, i x l u d i n g  ;ny varr$ncy of mercancabllity or fitness, nor is pro- 
tection €r?m an>' .i or patent t o  be' inferred. ALL patenc righcs are r e -  
s e r v e d .  The excle. .ve remedy for ali proven claims is replacement o i  5 u r  
materials and i y n o  event shall we be Liable f o r  special, incidencai o r  
consequential damages. 

0 
r ' 
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FOAM ENTERPRISES, 11 
13630 WATERTOWER ClRC 

MINNEAPOLIS, MN 5544 
(612) 559-3286 (800) 328-2 

5 9 7 8  
turn uty testrrrcl 
---a 

$1 c . u  LI) Y d I 4  
-0.a w4-m 

Y I - A W U  

*-" TESTS OF POLYURETHANE FOAH 

~OJLCT: HATERIAL €QUI PMENT AN0 DATE: June 3, 1977 
CUCINI8b4.0 .Y: 

~ L P O l f E D  TO: PROCEDURE EVALUATION 
Foam Enterprises, Inc. 

P1 outh, Minnesota 55441 
13630 Watertower Clrcle COclU TO: 

.- .... - . - . - . .  . - - - . . - . -  ~ / & M r  -- I l e ~ L H o l b e r t  
President 

7-7200 
a8OaATORY Ne. 

IHTROOUCTION: 

This r e p o r t  presents the resul ts  of a serles of tests gmducted on Class I wl w e  thane 
fGhm, nsmlnal denslty (open mold) 2.0 pounds per cubic 
r C  tr,e request o f  Hr. Denntt Holbert, President, Foam 

o t  The tests were perfomed 
, fo sa t l t fy  h i s  can- 

Wdcf  w i t h  Harlnette Marine Corp, Harlnette. Ultcnnsln, to w i d e  foam I n  place flotatlo.  
qer Navsea Orawlng 191-5014996 (MMC Draw g 1240-001-191 . fhls material Is to meet 
requirements o f  Mil-P-219298. Class I. 1-P-291298 1s the Hl1ltary Speci t i c a t l a n ,  

! 
Matetlal, Cellular Plyurethane, Fo P m-In-Place, Rigid, 2 and 4 P ounds Per Cubic - 

-' . August, 1969. 

WJ'% I OF TEST RESULTS: 

i r o p e r t y  
f7 i/ 

- t r , i a i  Aging 
01ur.k cnange, % of o r i g i n a l  

G n . ; r w i v e  S t r e n g t h  change, 
O f  G r i g i n i l ,  ma.<. 

P 
Class I 
Requ 1 remen t 

2.0 3 .0 .5  p c f  

20 psi min. 

210 
20 

3.5 

0.12 

no softening 
o r  v i s i b l e  change 

non-burn1ng:and 
no f laming droplets 

Tested Val ue 

2.28 pcf  

- 
26.2 psl 

+5.072 
Less than 1% 

2.0% 

0.07 l b . / f t 2  

No evidence o f  softenfng or v i s l b l e  
degradatlon 

A\ 1 specimens el ther sel f - e x t i n g u  1 s 
or dld not Ignite, therefore, a t e r  
1 s  nnn-htttklnn T k s r n  - -  - -  



V.!  AlUkE AI40 OISPENSING O f  CHEHICALS: 

The chmblcrls used to ptoducr the foam meat the F.E. -  

y d u c f i o n ,  the chemicals were used I n  a 1:l rrtlo ( 4  v o \ W ) .  
F.E. -n62A coven the isocyanate and WE coven the rrtln. 

M d  Sgaclffutloar. 

Equipnknt used f o r  foaming ws the  F.E.- GV60 rlr po 

f lu ta  pistons powered by a reclpmcatjng rlr -tor. 

which Is of 
slrcd proportioning b.>ro arsign and taunufacture. I t  I s  quipped with 

i h n i f o l d e d  In to a s t a t l c  mlxer  which I n  
J S  f o r  the f r o t h i n g  m d  cooling o f  the 

duces air f o r  d y n d c  
ctlng C h e m k a l S .  P 

Guring the foaming o f  the 
r r d  MCZB war maintained, 
w q s .  The compressed 
Tr8c c c r t r c t  amounts o f  blowlng'aqents,  whlch are necastoy UI qurllty m d  densky, e r e  

Tr8t basic  cnm'lcal 

cs;nrrt\\ed By the 

Jnder t h e  gulahnce o f  Oennls H o l b e t t ,  resu l ted  In the foar meeting the requirements o f  
~ I L - P - ~ ~ L Z ~ B  f o r  Class I mate r ia l .  

i n  the laboratory, teqmrrtun control of tha Ht2A 
the method o f  intmduclng tha  into the propartianin! 
yas c o n t r o l l e d  fo the pumC, and the m i r i ng  herd. 

and procedures, when app l i ed  together by foam technicians 

INTldL T E T T  PREPARATION: 

Tc.0 t t s f  molds were fabr ica ted  f o r  p repara t ion  of two free-r ise samples o f  the polyt,r*t.y. 
foam. The m \ d s  masured 13" x 13" x 25" I ns ide  4imenslons, and e r e  fabr icaced frm 4' 
sluminun. p l h r e ,  wi th  hl ted connecflons oq a l l  corners and edges f o r  ease o f  remaVal 
c f  the sample block f r o m  the mold. A f t e r  two unsuccessful,attempts,to a t t a i n  the corrd; 
d e n s i t y  i n  the sample blocks, the blocks were foamed a t  60 F and 80 F ,  uhich were tAa 
Umprrature ertremes expected to be encountered on the j o b  $1 te. 

t H o  aluminam molds were pre-condl t loned f o r  a minlqra of  4 hoursaon Hdrch 7 ,  
) re  till: sample blocks were foamed. Then both the 60 F and the BO f s u p l e  

!*mea i f 4  held f o r  4 arlnlwrP o f  48 hours before the SrnQlcr blocks wrt removed froe th. 
. (  mlds. 
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INITIAL TEST PREPARATION: 

The port-cured densftles of the tw blockg wm: 

M'F sample - 2.65 pcf. 

QO'F sample 0 2.28 pcf. 

f this tlmg, I t  was decided betngen Foam Enterprises a h h 8  brp.  to test 
our of spec for density. P wnly the 80 f block, rfnce the 60 F sample 

TESTS : - P 
Color  and Odor - 
The sample, b l o  I4 conform to color and odor requlaments. 

Oensi ty - 
k f t e r  resmal from the mld, the 80°F sample black was t r l m d  of surface sk ln  t o  a 
block slre of  11.75" x 11.75' x 22.75". The weight of  t h l s  block was determined fo 
be 4 . 1 5 4  I b . ,  g i v i n g  a denslty of  2.28 pounds per cublc foot.  

The sample block was sliced tnto twelve 1" thick (nornlnhl) layers. 
the block was set aside for future use, i f  necessary. A v l s d  examinatton of both 
f h C t S  of each. of the twelve layers compdstng the test speclmen revealed that  the curt 
foam was free o f  non-famed, or sof t  and tacky particles. The foam was coaiposed O f  sr. 

The reminder a i  



cells of approximately the same sire. B l o w  holes were encountered during the visual 
emuhatfon,  but none were larger than +'I and not mre thrn one occurrrd I n  my pmje 
area of 6" x 6", Also, no more than 3 blow holes uere present In any 3 adjacent 1' tf 
1 ayflps, 

, / Cbmpressive Strenqth - 
Tnret 4' x 4" specimens were tested i n  sccordanca w i t h  procedur I A o f  ASTH 0-1621. Ti 
teris specimens were selected from layers 3 ,  9 and 1 

Oensi ty, pcf. Oe omatton, l b .  
S g l s -  *m 
!;*AIL Area,  In. 

:,p ~ r e r r i v c  2 -.. 
3 16.32 2.24 /), 450 
9 16.36 2.37 . 415 25.4 

2.19 420 25.5 I;: 16.44 

Average - 26.2 psi 

urlng 4 "  x 4" were subjected t o  humidity aglng, three of whlch *re 

Volume Cianqe / 

Hur id ;  t y  Aqi n$ 

5 1 specimens 
tested f o r  chdnge in-  compressive strength.' 

Specimen Original Volume Change Volune Change 
14 u TD e r Volume, I n .  A f t e r  1 day Af te r  7 days 

3- 1 . 16.52 
€ -  1 16.61 
9- 1 18.00 

t4.542 
t4.522 
+2.22% 

+5 .57r  
+4.52% 
+5.112 

Average - +5.07% 

LO reversion was detected during the 7-day conditioning period a t  14OoF and 100% R.H. 

Compresslve Strenqth Change 

9 ' !  Load a t  10% 5 pec imen 
t i u ~  er Area, in. Oensl ty, pcf. Deformation, l b .  Strenqth, p s i .  c 

3- 1 
6- i 
9- I 

16.81 
16.81 
17.22 

2.23 455 
2 * 2 1  OOOOliG 430 435 
2.27 . 

27.1 
25.6 
25.3 



Compression Set - 
Three apeciaens measurlng 2.250" diameter wen subdactad t o  a strtlc lord of 5 p s i  
ar 158 F for 24 hours. After  a 30 mlnute recovery perlad, the thickyrrtr wra 
remeasured . 
Spec 1 men 
ffunber - 
1 
2 
3 

Otlglnal 
Thlckncss, I n .  

1 . 250 
1 . 150 
1.150 

Final 
Thlckness, I n .  

I 
1 . 230 1.6 
18 120 2.6 
1.130 6 . 1.7 
Average1 - 2.0% 

P Yater  Absorption - 
Udter absorptlon was detemlned I n  accordance w i t h  ASTn 0 - 2 2 7  except swchent ~r 
\mersed i n  dist l l led wat 

5 ?ec 1 men 

9.55 17.87 OS6 

Icufi9er 

3 

€ 10.60 20.82 067 
1 0 .30  9.60 21 42 . 076 

a t  4.35 ps l  f o r  48 bun. 
Ya tsrpbsoprt  I on 

FI  nal Wft  of cut  
Welqht, g .  Yelqht, g .  surface area 

Cut Surf tce P Or1 g1 nr 1 

,- 

Average - 0.066 l b / f t 2  
011 Rezistance - 
Four specimens mebsurlng 1.b29" x 1'1 thick (nominal) uere lmnerred for 70 hours ir,* 
XSTI.1 r 2  reference o i l  at 70 F and 50% R.H. 
ana S O 1  R . H .  for cumparison after the test .  After 70 hun, the specimens bere re- 
wved from the 011 ,  the excess o i l  W ~ S  blotted away, and the speciaeqs were examine, 
Iio evidence o f  softenlng or  vislble degtadatlon was detected. 

Four control speclmenr were h e l d  a t  10 

Fire Resistance 

Fire  rzslstance of  the foam was tested both before and after aging a t  140'F and 100 
R.H. f o r  seven oirys. 
0-1692 were followed f o r  the test.  Applled flame tlraa for,all specimens was 60 secc 

Specimen slre was 4" x 2' x 6* ,  Procedures outlined In ASTn 
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U 
--. TESTS ..'F POLYURETHAMg, FOAM 

3~ m Burn 
Rate, ln/sec. Remarks - Number T h e ,  see. Length, in. 

defora tondl tloning: 

1 130 4.0 03 Sdf -ex t lngu i  shed Scl f-extlngul shed 
*01 Old not l g n l t e  
.Ol Old not lgnlte 

Old not l g n l k  

3 60 0.5 

Self- rxtlngutshed 

Sal f - tx t l  ngb 

. 32 Old not lgnl 
Scl f-extingu 

After a n d l  tloning: 

2 60 
3 65 . 03 
4 70 2.3 03 
5 80 2.3 *03 Sal f - u t l n g u l  shed 

flaming droplets during the test .  

._ 

2 81 1.5 

4 60 0.5 
5 60 0.5 

1 72 1.5 

A l l  specimens e i t h e r  sel tlngulshed or did not l g n l t e  during the flra resistance 
t e s t .  Therefore, "Jhe IM I s  non-burnlng. Also,  ue obsetvcd no trldencc o f  

kfPJRf5:  

Ye hereby c e r t i f y  that th is  polyurethane foam when produced under the above candltions, 
nett the Speclfied requirements o f  Hil-P-21929R for Class 1 mater ia l .  

TWIN C?TY TESTING MO ENGINFERING 
LABORATORY, INC. 

Ward A 8ldndln. #.E. 
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13630 Wafertower Clrclc * - - Ig 'OS3 Mlnneapdis, MN 55441-3785 
~ 

1612) 559-3266 
(800) 3284342 

€'E 7053 
7053 i a  for below grarrnd application as 12 secondary Cmtainer 

barrier for fuel spills. %is barrier is inten- 4~ a -.11y contsimnt 
after a fuel  spill .  

is a polyurethane elastamer -ten fonmrlated for spray PpPLicatian. 

~ h c :  ground are4 i s  first spraycd w i t h  the FH SO2 toan system a t  a thickness of 
1/2 to 314 i s b .  mS PE 7053 is then applied over the FE 502 a t  a 1/8 to 3/16 
inch tirckness. 0 .  

p m p  A Rjnks 4 3 ~  spray gun rrpdrfied w i t h  a dynamic shear xer before the 

W I ~ :  G r w  (vf.scount TI) varlatsle raUo Hydra-Cat 
W I  th o 35: 1 Senator (954-5171 resin purp and 1 #2 C y l i n c h  (20 -862 1 isocyanate 

0.029 spray t i p  1s recammm. 

a d  hoec :-atwe ramp or 
115-i *F. ;Y 3 re rendEd. A calibratt;; atio of 130 I3 c q m e n t  to 56 
mnp *pres: z m  1700-2530 psi vitk 

A carponent i s  required. 

PWSI PERTIE3 

P R O P r n  I TEST I RESJLm 
Density, pcf i h r ?  rsion I 40 - 50 

Elongation, B I Asm w4ra I 100 - 210 
MVT. Penn I ASTM E-398 I 0.75 - 0.95 

Tensile, psi I ASIM 0412 1 200 - 400 

I AslM OIL004 I 65 - 85 

1 - A  I 48 - 60 

1 ASlN 0-4060 
80 Cyles I ASM C-632- "On8 tb Scaling 

I I 0.20 0 0.26 
I I 0.20 - 0.26 

'Ircar Stre 

Hardness 

nbrasim Rosistmce 
War Ln&x 
Woiqht 1-5 
War Cjcl Q S ~ Y ~  1 I I 135 - 145 ( 2 )  

Strips ot FE 7053 were imneraed i n  water and thirty  eight 011 (separately) for 
six months. ?ht s t r i p  were CvaluaW as f o l l w :  

mULm 
I 200 - 'krsile,  p3i I AsR3 0-412 0 

PROP= 1 m I 
Wongetion, % I n31M 0-412 I 1w - 210 
M j g h c  Chmqc, P I F" 116 I 

Water I I +1s to t30 
O i  1 1 I +7 to +9 

0 (1) 
( 2 )  

utilized an H-18 abrasion -1, 100 W e  Wight and 1000 rpn. 
mner or cycles of abrasion required to e a r  n film thratgh to thra C+ 
stram per mil. (0.001 inches) or f i l m  thickness. 
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1. iNTRODClCT IGri 

The th i ckness  a n d  volume o f  cover mater ia l  required f o r  uranium m i l l  ~ 2 1 : -  

i n g s  rec lzmat ion  a r e  g f t e n  determined by a radon f lux  o r  concen t r a t ion  c i - j te r ion  

icnich ml;si be s a t i s f i e d .  The general  approach used i n  estimatincj ihe required 

tn i cknes ;  a n d  volume ~ 7 f  a cover czn  be divided i n t o  tigo phsses .  F:r: t ,  i:ie 

c!,d r-ist2ri s t i c  parameters o f  the t a l  1 ings/cover  system must be messilrcd o r  e s t i  - 
;isred. These include the radon d i f f u s i o n  c o e f f i c i e n t s ,  p o r o s i t i e s  ana rnoi5tilres 

o f  the  t a i l i n g s  2 n d  c o v e r ,  a n d  the  r a d i u m  content  and  enanat ing  power o f  ;he 

:a i  1 i n g s .  

- l u x  1 i ;eterr7ined oy 1 t e r a t l v e l y  C d l C U l d t l n g  r adon  f luxes  for d a r l o u s  C G \ , C - T  

Second, tne th i ckness  of cover needed t o  ach ieve  a petri bed raccn 
x ,  

1 

:+icknesses  ~ n : i  1 ti..? thickness  j i v i n g  the p re sc r i  f l u x  i s  f o u n d .  A.lt:_.rna- 

t i . , j ? l y ,  a n  zgproximate ex? res s ion  can be used t o  the cover thickness  

G g i r ?  o f t e n ,  c3ver th'ickness acd volume es t ima tes  a r e  needed r a p i d i y ,  a n d  

- -  . 
: ~ ~ ~ : : i ~ : i c r ? ~  tic:e a n ?  resources  a r e  a v a i l a b l e  t o  c o l l e c t  a l l  o f  the p e r t i ! : e n t  

:::? jnc  p2rfCri i i  che e x e r c i s e  descr ibed J b o v t .  !n these  i n s t a n c e s ,  a s i ~ p i e ,  
/ 

; t i - 2 i s n : f ~ r : . i a r d  p%cedure i s  needed t h a t  requi res  a m i n i i c a l  amount o f  ; i : t -  

, a e c i f i c  dc:a, y e t  i s  s u f f i c i e n t l y  a c c u r a t e  for  conceptual p l a n n i n g  pur2oses. 

S u c h  3 procedure h a s  been developed a n d  i s  documented he re in .  

This guide i s  purposefu l ly  b r i e f ,  t o  f a c i l i t a t e  i t s  use by a wide ranqe a i  

personnel w i t h  v a r y i n g  backgrounds, t r a i n i n g  a n d  expe r i ence .  The proced3t-e i s  

p resented  ir ,  nomograph form w i t h  i n s t r u c t i o n s  a n d  examples accompanying e a c h  

0 coclograph .  h e  important advantage t o  t h e  nomograph  f o r m a t  i s  the ease a n d  

c l a r i t y  : . i i t h  which the  2 f f e c t s  o f  v a r i a t i o n s  of  key parameters a r e  shown. The 

1 



k e y  parameters needed f o r  the nomograph a r e :  
5979 

T a i l i n g s  p i l e  dimensions 
m Radon d i  f i u s ion  c o e f f i c i e n t s  

Radon f lux  from the  bare t a i l i n g s  

m 

0 Desired s ide  s lope r a t i o  
0 i le teorolcgical  parameters 

2equired f l u x  from the covered t a i l i n g s  si irface 

A l a t e r  s e c t i o n  contains  information f o r  e s t ima t ing  the .  d i  f f u s i o n  c o e f f i -  

c:enis, bare t a i l i n g s  f l u x  a n d  the m e t e o r o ~ o g i c a l  parameters.  The m a t h e m t i c a l  

S;isis Cor the nonwgraphs i s  contained i n  t h e  appenbix. 

P 
P 

2 
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7 ' .;. ... I x. :,a, 

'. L .  7 P 3 O C E D U R E S  F O R  ESTIMATING C O V E R  M A T E R I A L  T H I C K N E S S E S  AN3 V O L U M E S  

2 . 1  C 3 V E R  THICKNESS 

The f i r s t  nomograph, given i n  Figure 1 ,  i s  used t o  c a l c u l a t e  t h e  thickness  

oi cover c:i;erial r?\quir-ed t o  acn iev :  a s p e c i f i e d  r-w!uction i n  s u r f a c e  raatin 

- : l u x .  ~ e y  gat-aneters f o r  t h i s  nomograph are the d i f f u s i o n  c o e f f i c i e n L  f a r  t h e  

cove r ,  5 ,  2nd t h e  r a t i o s  ? / J t  a n d  ac/a ,  where J i s  t h e  s u r f a c e  rzdon f i u x ,  ,J, 

i s  t he  bare t a i l i n q s  f l u x  and a a n d  a L  a r e  d e f i c e d  a s :  
L 

C L 

2 2  
P c  = C ( 1  - 0 . 7 4  rn) 

a C  

2 = cover  ma te r i a l  p o r o s i t y  

n = f r a c t i 3 n  o f  . : i s t L - e  s a t u  f c  :'jver m t e r i a i  
C 

P, = t a i l i n g s  PO!- ;"I 8 

4 
I 

' - 7  ' ' C  = f r a c t i o n  o f  mdisture s a t u r a t i o n  f o r  t a i l i n g s  
L 

12, = f i u s i g n  c o e f f i c i e n t  f o r  t a i l i n g s  

C '  
V ;Re requi red  cover t h i c k n e s s ,  x i s  found by f i r s t  detericing the  r a t i o s  

", ,- !& . . .-/a, and then r e f e r r i n g  t o  t h e  nomograph i n  Figure i .  The value ~f 

the : ' 3 i i O  J/Jt i s  found on C o l u m n  A a n d  the value of  a / a  

:WO value; snould be carlnected w i t h  a s t r a i g h t  l i n e ,  a n d  a value read ircn: L c j -  

7 ' 7  3 , , r .  - 
L L  

on Colurm 5. :i;es? c t  

U I I J  C a t  the i n t e r s e c t i o n  w i t h  the  li!le. T h a t  s a w  v a l u e  i s  lcjcated cln t h e  

rnodified s c a l e  C '  and a second l i n e  i s  drawn from t h a t  value on C '  t o  the value 

o f  !I on Coiuinn 9. The i n t e r s e c t i o n  of t h e  r e s u l t i n g  l i n e  with Column i Sives 
1 

I 
the  cover t h i c k n e s s ,  i n  u n i t s  of e i t h e r  meters o r  f e e t .  A s  z n  example of t he  

use o f  the nomograph, a systeni w i E n  the fol lowing parameters i s  consider-ed: 0 
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2 J t  = 400 p C i / m  s 

J = 20 pCi/'rn s 2 

These values g ive  a J / J t  of 0 . 0 5 ,  l oca t ed  o n  CO:biion A ana a ; c+  L" i ,  
c 4  

: j c a i e d  on Column 6. i n  interi i iediate paraiiietcr v a l u e  o f  1 . 1  i s  r e d u  fr-1.i 

Sc: t ic ;n  C .  

\ i j iue  i s  then used with the d i f f u s i o n  c o e f f i c i p n t  o f  the  c o v e r ,  i oca t ?d  on 

The same value i s  l oca t ed  on  t he  modified s c s l c  on d u f i ; ~ i  t ' .  
TI  ; ! , ; :  

1 
- .  
L O  I 'L!"" .., D t o  ob ta in  the cover t h  

::3ver t j i c ; t r , ? s s  i s  about 1 . 8  m 

.An even s i n p l e r  \.ray t o  use 

ckness fron; Col unin For t t i is  exsi:;;Jic tiit. 

e 5 . 9  f t ) .  

the  n o b a p h  i s  t o  subs t i ' i i l t e  :he l isl t ic r,' 

L , -  - 

d n L i t y  P ( 1  - 0.74 ni) i 5  assuriied t o  be t n e  5 ;  thv - _, , ' *  - I 3.r :.-;a&; i . e .  , 
r -  

r L  , .  -~ 

c ,  - r  :!!? ; 2 i :  in;s and ;!le a v e r .  I O  account f3r the v a r i a t i o i l ;  i t )  rhe r.a::G o f  
r <  - : 1 - y .  7 4  ~:Mc,r t!i? cover t o  the t a i l i n g s ,  the r u i e  o f  LhG;.;;, ;~ izy  ;e ,~:t.d p 
t , ? i '  _ ' . _ _  t i ?  co, : r :hhickn?ss  d2creases  b y  0. 1 111 f o r  every 0 . 2  dec rease  i n  t::e , - : t i c . .  

t , ; ' "  i 1 ~ 2 5  S i i fus io r i  c 9 e f f i c i s n t  a l s o  h d s  o n l y  a zr-condary 2 f f e c t  ::n y , - :  5 0  

t z z : .  2 s  3n a d a i t i o n d i  r u l e  of  thu : ; ib ,  x 

:.a i!:dr:ge i n  D 

. r  _ _  i s  increased by a f a c t o r  o f  2 ,  b u t  J 

x decreases  by 0 . 1  m. 

n e t e r s ,  one o f  t h e s e  parameters being D 

chanyes by C . 1  rn f o r  every f i ; C L ; r '  s f  C 

The d i r e c t i o n  o f  t he  change i s  determined from the  f i , ~ l ~ ~ ~ / i , - , ~ :  t '  
. _  I 

i s  unaffected by t h e  change, t n ? n  t 
On the o t h e r  hand, i f  J t  i s  c a l c u l a t e d  f ron  o t h e r  p a r a -  C 

then J t  a l s o  v a r i e s  w i t h  0,  so  t h a t  t '  
the r e s u l t i n g  e f f e c t  i s  t h a t  x 

c r e a s e  i n  3 

'ncre256.5 by Q . 1  m f o r  every f a c t o r  o f  t k : o  1 r l -  e - C 

W i t h  t n e s e  rule- - f  thunb,  the cover  th i cknezs  can be obtained t '  

5 
000300 



5 9 7 8  
f rom the  nomograph using a value O f  u n i t y  f o r  the  r a t i o  a / a  a n d  then c t '  
m o d i f y i n g  x acco rd ing ly .  For example, i f  D t  equals  O.CO2 cm 2 , '  1 s  i n s t e a d  . o f  

C a i j .Og3 as  given above, and the  value f o r  J t  is a measured value t h a t  does not 

change, then the x 

:ne 9 i s  reduced by a f a c t o r  o f  f o u r .  Furthermore,  i f  P were equal t o  0 . 2 5  

i r , s tead  o f  0 . 2 ,  then the po ros i ty  r a t i o  dec reases  by a b o u t  0 . 2 ,  so t h a t  x i s  

crcreased from 2 . 0  rn t o  1 . 9  m. I f  i n  t he  O r i g i n a l  example J were based upon 

a c a l c u l a t e d  value instead o f  a measured value so t h a t  a change i n  C t  a f f e c t s  

o f  1 .8  m i s  increased by 0 . 2  in t o  a value o f  2 . 0  m, because 
C 

t C 

C 

t 

1ja1ue of J , ,  then a reduction i n  D by a f a c t o r  o f  fou r  w o u l d  y i e l d  a reduction 
L t 

7 
i n  the cover thickness  o f  0 . 2  rn, froiii 1 .8  m t o  1 . 6  111. 

Cnce che required cover th i ckness  i s  known, e voluine o f  t he  cover m t e r i a i  k 
7 7 C < > \ / E Z  \/7JL$!! - . -  

C ~ T :  31 e z s i l y  oDtc ine l .  As shown i n  F i  u r e  2 ,  i t  i s  assumed t h a t  t r e  edges o f  

- : i i i i i r ;<s  p i l e  a r e  cmtoured  t o  co or in  t o  t h c .  = lope  c r i t e r i o n .  5, :*/here 5 a 7 s i ; .  P 
P - I. 6 ,  . -  I - ! ? o r ? z z n t a l  d i s c z n c  r u n i t  v e r t i c a l  r i s e  o f  the sloped s i d e s .  Thi, 

r , d : 3 c ~ c i i ~ e  - -  i s  l e s s  c o s t l y  han using o n l y  c l ean  cover material  t o  e s c a 3 l i s h  tne 

d ::cr;.d edges , o f  the 7ii.12. 

- .  ! n e  reqc red cover material  volume presumes a r e l a t i v e l y  f l a t  surit!ce,  I S  

-n<ependent o f  the sha2e o f  t h ?  p i l e ,  a n d  i s  e a s i l y  determined by cons ider in ;  

t/ro componen t s  . 

v = vo + v s  
C 

where 

= t o t a l  cDver volume 
"C 

!' = base cover volume 
0 

= cover mater ia l  needed f o r  s i d e  s lopes  
"S 

6 

( 2 :: 
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5978  
The base cover volume, the l a r g e s t  component, i s  the product  o f  the cover 

thickness  and the  p l a n a r  area o f  the p i l e ,  A 
P -  

V o = A x  ( 2 :  
P C  

T h i s  volume i s  e a s i l y  c a l c u l a t e d  o r  es t imated from the nomograph i n  F i g -  

j r o  :. 

located on Column A ,  t he  a r e a  of t h e  p i l e  i s  l oca t ed  on C o l u m n  B a n d  the base 

volu,ne ! j  read f m m  t h e  i n t e r s e c t i o n  o f  t he  l i n e  on Column C .  For example, 1: 

To use the nornograph, the cover th i ckness  ob ta ined  from nomoqrapn 1 i s  

. r  

the cover thickness  i s  2 m and the  p i l e  a r ea  i s  2 . 5  x lo5 m>hen V 3  i s  

: 4 x 9 P j  1.; ,.I , 3  . ! 

Tne 6etermina;;on of  V r e q u i r e s  d knowled the p i l e  pe r ime te r ,  ? ,  ana 
S 

;ne s l o p e  c r i c e r i o n ,  8 ,  i n  a d d i t i o n  t o  t h e  cove I t  i s  obtained 

l l s ing  ~ h ?  nonosraph i n  Figure 3 .  

located Sn C o l u r n  A a n d  t h e  value df t h e  p i l e  pe r ime te r  i s  l oca t ed  on Colu ,Tn 2 .  

Td 'h se  the  nomograph, t he  cover thickness  ; S  
{ A  

/? 
i '  

An i l : ?p- - .ec i ia te  value i ' f l located on Column C a n d  i s  used,  along w i t h  the v a l u e  

.?C S o n  C , s ! c m  D ,  t o  form a l i n e  which i n t e r s e c t s  Column E a t  t he  c o r r e c t  value 

9 ': . -,:- example, assume x = 2 . 0  m, P equals  2000m and S equals  5 .  F i r : t  

l o c a t e  : I . -  ~n Column A and P on Column B .  The i n t e r s e c t i o n  of  t he  l i n e  between 

:ne two x i n t s  w i t h  Column C i s  t he  s t a r t  o f  a new l i n e  d r a w n  t o  t h e  number f 

- . .  L 

s C 

- 

on Coltixr! 9. ?ne i n t e r s e c t i o n  o f  t h a t  l i n e  w i t h  Column E y i e l d s  the  valtie o f  

4 2  E x 13 m f o r  V s .  

i s  5 .8  x 19 m . 
C 

For  t h i s  example, V s  i s  about 16 pe rcen t  o f  V o ,  so t h a t  I,' 

5 3  

?he comograph i n  Figure 4 assumes t h a t  the r a t i o  of the t a i l i n g s  thickness  

ts t h e  ccver thickness i s  t h r e e .  The V can be modified f o r  o t h e r  r a t i o s  o f  
S 

x - , ' ; ~  

Crl ;oltimn A ,  a n d  the r a t i o  of x / x  

u s i n ?  the nomograph i n  Figure 5 .  T h e  value of  V s  from Figure 4 i s  l cca t ed  

The i n t e r s e c t i o n  o f  
L C  

i s  l oca t ed  on Column B .  t c  

8 000103 
. 1  . .  
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the l i n e  connecting these two p o i n t s  with Colunin C g i v e s  V '  the co r rec t ed  va;ue C.C S' 

. For example, i f  the  r a t i o  o f  t he  t a i l i n g s  t o  cover  th i ckness  were 4:l i n  v s 
4 .  the 2revious examgle, t h e n  t h e  value of 8 x 10 i s  l oca t ed  on Column A .  A 

l i n e  c m n e c t s  t h i s  po in t  and t h e  v a l u e  of 4 l oca t ed  on Column E .  A value of 

1 x 10 7 f s r  c3e x o d i f i e d  '/I i s  found from the i n t e r s e c t i o n  of the l i n e  wi;h 

C o l u m n  C .  

5 3  
S 

The norrograph i n  Figure 5 c2n a l s o  be used t o  o b t a i n  ;I" f o r  the  case i n  

m i c h  the t a i l i n g s  dre  not recontoured w i t h  a s lope  S ,  b u t  i n  which only the 

co'ier n a t i r i a l  i s  used t o  form t h e  s i d e  s l o p e s .  

S 

F o r  t h i s  case the  V s  as oL:ainec 

f m m  Fisure  4 i s  l oca t ed  on Column A a n d  t h e  r a t i o  x t / x c  i s  a g y  loca t ed  on 
/ - .  

7 -  - u ' . 2 d 4 2 1 ~  . ,-. t .  , ! r l e  i n t i r s 2 c t i o n  o f  t he  r e s u l t i n g  l i c e  w i t h  Coltinn 9 i y i e i d s  the a g p r c -  

, . i n  t he  previous example a v a p  o f  3 x 10 4 3  m was obtzined 9 r i a c e  value for  !'" 
S 

_ .  fc.r V f r o m  r :gu re  4. ! f  the s l o ? i n g  , s i d e s  a r e  = k e d  only w i t h  the  cover [:;a- 
S I 

r 5 c i ~ i  anc i f  ;<./x- ; s  equal t o  f o u r ,  

5 ,<. io- z d ,  w h i c h  i s  2 s  lar-ze as ',I . 

en t h e  a p p r o p r i a t e  value f o r  V i  i s  P L C  

: ?  

0 

I t  s-osid 3e no ted  :t& t h e  volumes determined above a r e  in -p l ace  v o " J i : : ~ s  
A 

n r  
h 

2 t r u &  .if? fi ? e a s t  ~3 percen t  l e s s  than the d e s i r e d  in -2 lace  d e n s i t y .  T h i s  

s i i o u l d  b t  c3idi3ered wrtcn e s t i m a t i n g  cover  ma te r i a l  c o s t s  a n d  volumes. 
. I  

1 .  

2 . 3  2AA3(3Y C C N C E 3 T R A T I O N  AT S I T E  3OUNDARIES 

I t  i s  d e s i r a b l e  f o r  some a p p l i c a t i o n s  t o  be a b l e  t o  e s t i m a t e  the  r d d o n  csn- 

c e n t r a t i o n v a t  a s i t e  boundary t h a t  would occur a f t e r  the impleKentation o f  2 

p a r t i c u l a r  remedial a c t i o n .  Since t h e  value o f  the concen t r a t ion  is p a r t i a l l y  

d e x n d e n t  upon the su r face  radon f l u x ,  a r e l a t i o n s h i p  can be der ived t h a i  re -  

: a r e s  the a n n u a l  average f l u x ,  J ,  and t h e  annual average boundary c o n c e n t r a t i s n ,  

C .  L'sinq t h i s  r e l a t i o n s h i p ,  a s u r f a c e  radon f l u x  can a l s o  be e s t i m t e d  f m a  a 

. ' ,: t 12 
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: .<;.* ? * ,  'ai  
1 i . .'a 

s7eci f i e 6  boundary radon c o n c e n t r a t i o n ,  and then t h e  , ' revious noniograph; ,can be 

0 used t o  e s t i rna t e  t h e  required volunies f o r  t h e  cover  i l l a te r ia l .  However, ;he 

? c < ?  cional  u n c e r t a i n t i e s  i n  modeling the topogrdphy and microiiieteorology a t  

;> _ _ _ : I  ^ P  s i f e  c o u l d  add a s  much d s  a n  order-of-magnitude e r r o r  t o  t h e  esii ; : ;aiF' ,  o f  

t '~? a n n 3 2 1  ave rase  r a d o n  cgncen t r a t i3n  a t  t h e  boundary. 

The key ?arameters  needed t o  r e l a t e  t he  a n n u a l  average f l u x  t o  ;he rzdon  

c 2 ? c i n t r ? t i o n  a t  the boundary a r e  the  fo l lowing :  

A = a r e a  o f  the  p i l e  

P ,  = per ime te r  o f  fence boundary 
2 

I 
J ..'I 

= a m o s p h e r i c  s t 2 S i l i t y  f a c t o r  

u = mean w i n d  v e l o c i t y  i n  the  d i r e c t i o i i  the p i l e  t o  t he  bour,c.sry 
l o c a t i o n  

i 0 
f = four  s e c t o r  ( S O  ) w i n d  frequency i n  t h k  d i r e c t i o n  from :!;e p i : ! ?  

t o  the boiindary l o c a t i o n  

- ,  <y : z ?  f ? n c e - i j n e  bcI ; ! :dqxperi ineier  P -  i s  evaluated by f i r s t  detern;ninG :::? 
f 

j1S::nce x z ,  between t h 2  i i l e  edce and b o u n d a r y  l o c z t i o n  a t  which the  radon c.22- 

c e ~ : - - : t i ~ ?  :;I  de$:'si r e a ,  then c j j c u l a t i n a  t h e  per imeter  lenctn f o r  a bour,lar- . ;  ~b,,: 

:::::e j n d z ?  a s .  :?e Di l e  p e r i v e t e r  acd a d i s t a n c e  x ,  from the p i l e  e d s e .  

/-. . -  

:,' 

For .; 

:-2aj.us ? ,  it i s  equal  i o  2 n ( R  + x f ) .  For most problems of i n t e r e s t ,  P i  car1 t i  

j ? :  ?quai t o  the p i l e  per imeter  P w i t h  n e g l i g i b l e  l o s s  of accuracy.  
, 

Tne atRospheric  s t a b i l i t y  f a c t o r  A i s '  r e l a t e d  t o  the v e r t i c a l  a tnosphe r i c  

c i s p e r s i o n  pa rame te r ,  u averaged over  a po r t ion  o f  the p i l e  l e n g t h .  The Z 3  

values c f  .A a r e  g iven  in  Table 1. I f  s i t e  s p e c i f i c  s t a b i l i t y  d a t a  a r e  not 

I.nown, 2 7  annual average stability c l a s s  of  D can be assumed. 

13 



5 9 1 8  

vaLuEs O F  THE ATMOSPHERIC S T A ~ I T Y  FACTOR 

Stabi 1 i t y  C 1  a s s  A0 
3.85 
2 . 3 2  
1.58 
1 .00  
0.60 
0.30 

- ,  - I n e  rrequency f i s  obtained from a s t anda rd  windrose. : t  i s  t he  msxin ium 

- - . . <  -s?c::,p ( 9 ~ ' )  scm o f  w i n d  fre,quencies a p p l i c a b l e  t o  the ' s i t + .  // 
:he r a i i o  C/J i s  obtained using the  nomograph i n  Figure 5 .  F i r s t ,  the  

- ~ - = o r 3 j c ~ < j z 3 1  . . L  _ - -  pararierers [::.3/f) ? r e  deterriiined. prodtict ( A t i i f )  i s  located 

ocated on Colurriri D t o  C c l i u m n  E .  .r iI:e . ir:tc.,-- 

mn E g ives  t h e  value o f  C/J. Gne o f  ~ k e : ?  

, .- - . - ; . : ~ + : ; ! - s  .- . C  - -  s a w h e n  b? r ead i iy  obtained given a vdiue f o r  the cltner pzraniets:.. 

. , - 

' I  

., .. - - : I , P , l , ^  , . 'V ' , J1  ,- tip! :o include the ? f f e c t s  of  calm weather i n  the windrase.  7 .  l n i ~  . 

:::-: 2r.3 ;ssilming a windsgeed o f  3.7 m/s f o r  i t .  I f  average v e i o c i t i e s  ; re  

$;.:?!I f o r  each s e c t o r ,  then the average u f o r  the c o r r e l a t i o n  i s  obtzined i ro l ; i  

f i  
4 

- 1 -  - LE- 
U .  

1 
U f 

i = l  

U .  = v e l o c i t y  f o t -  s e c t o r  i 

i .  = w i n d  freque?,cy f o r  s e c t o r  i 
1 I 

1 

14 
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' ~ 3-s 

\ ; Y, p. L. .- . ZP B 
L F u r t h e m o r e ,  i f  t h e  windrose i s  given as  a func t ion  o f  s t a b i l i t y  c l a s s ,  

- \  A U  
i inen the (-) i s  ob ta ined  from 

f .  w i n :  r-equency f o r  s e c t o r  i and stability c l a s s  ' .  

J . .  
1 j  

lj 
= w i n d  v e l o c i t y  f o r  s e c t o r  i and s t s u i l i t y  c l a s s  j .  

, = s t a b i l i t y  f a c t o r  f o r  c l a s s  j .  
'j 

o c l t y  o f  3 . 7  in/s ( 8 . 3  n i i / h r j .  For l a c k  o f  
/1; 

:y c a p i o n  1 :  aS5uink.c  so t h a t  A h a s  ;he $.a:uc 

t h e  calms was i o  reduce t h e  averar;? :ieiccit:: 

:!-:-: i.., * . - / -  ,,,, t o  3 . 7  , ~ i s .  r C o i b i n i n g  t h e s e  p a r m e t e r 5  y i e l d s  a value c.f 6.; f c r  

a l i n ?  i s  conneczzi  from i t  t o t t h e  value 2 . 5  x 

-2n drawn froi:] the  po in t  o f  i n t e r s e c t i o n  w t h  Colum C throtigh t h e  1313 

.:::-e 2 o i n t  cn.Colu;nn 2 t o  the 0 . 0 2 5  po in t  on Colunin E .  T h u s  C / d  equals  9.0~5. 
. r  2 
L T  J i s  20 ?Ci/m s ,  t r . ? n  C i s  0 . 5  pCi/l  a t  t h e  maximal l o c a t i o n  on the  boundar;; .  

I f  a n  i s o t r o p i c  windrose i s  assumed, then ( A u / f )  becomes 14.8,  C/J i s  0 .9577 

and C i s  9 .15  ?Ci /1 .  This  v a i u e  i s  more r e p r e s e n t a t i v e  of  t he  averacje boundary 

concenrracjan around t h e  p i  l e .  0 - .  ; n e  nmocjraph given i n  Figure 6 i s  f o r w l a t e d  S O  t h a t  e i t h e r  C or J c3n be 

15 
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r e z d i l y  o b t a i n e d ,  given the  o t h e r  parameter.  

~ i t h  the  o t h e r s  t o  o b t a i n  cover mater ia l  volumes. 

This n..logra?h can a l s o  be used 

! f  a l i m i t i n g  boundary con-  

c e n t r a t i o n  i s  the c r i t e r i o n ,  then the necessary  s u r f a c e  f l u x  J czn k obtained 

f r o m  the  nomograph i n  Figure 6 a n d  used i n  the  nomo: Zph i n  Figure 1 t o  o b t a i n  

t h e  cover t h i c k n e s s .  

TABLE 2 

WINO DATA FOR SALT L A K E  C I T Y  
(Cumulative 1951-1960) 

i i  rj E 
I , r 
.ct 

E N E  

SSE 
_,. - r 

a 

- .  
-. $ m 

TOTAL 

Frequency 
( :A ) 

6 . 9  
2 . 4  

2 . 3  

! 

18.9 
1 3 . 5  

2 . 6  
2 . 5  
1 . 2  
3 . 1  
3 . 8  
7 . 8  
6 .5  
5 . 4  

100. I) 

7.9  
7 . 2  

! 6 .2  
5 . 9  
6 . 7  

8 .2  
8 . 9  

1 0 . 4  
1 1 . 3  
9 . 7  
6 .  S 

6 . 9  
7 . 4  

8 . 8  
8.8 
9 . 0  

8 .7  

17 



5 9 7 8  
3.  SUPPORTING DATA FOR K E Y  P A R A M E T E R S  

There a r e  t h r e e  key parameters used i n  t h e  noniographs t h a t  w a r r a n t  f u r t h e r  

C i scuss i cn ,  p a r t i c u l a r l y  w i t h  regards  t o  riiethods t o  e s t ima te  t h e i r  -.valtie f o r  

.??r t i :ular  s i t e s .  

s o ~ r c e  ter;;., represented by J t ,  a n d  the meteorological parameter ( u l f ; .  

5ec:ion cgn ta ins  a discussion of values for ' these  Parameters. 

These parameters a r e  the d i f f u s i o n  c o e f f i c i e n t ,  the t a i  :ir;;s 

? h i s  

2 .  1 3IFF:JSICIPI C O E F F I C I E N T  

2 i f f g s i o n  c o e f f i c i e n t s  for  radon have been measured in a 7 v a r i e t y  of  

-I ::r:?en ixzcerial s under several  research p r o j e c t s  a t  Rogers 2nd  h s soc iz t f - s  2 ;e r  

:';e 3 d z t  t , .s y e a r s .  T h e  nieasurenients have 

; - e  s s i t Z > : i i t y  of the ina te r ia l s  2s  

een airnea a t  deteriillriicg 

A d a t a  base o f  radon l i f f c -  

s i c j n  c o e f f ' c i e n t s  \.ids recent ly  assemb 

_ .  - s  2 n d  W ~ S  used to eva lua te  the  J 
r >  7 

from tne  r e s u l t s  o f  the v a r i o c s  nezs- P vera11 t-anqes a n d  typical  v a l u e s  o f  u i f f ~ -  

: i 5 / '  1 9 e f f i c i e n t s  o f  e:,-t m a t e r i a l s .  T h e  d d t a  base incluacs  the c ry  c e ~ c , i : : ? ;  % 
<ne .::Djsti;re c c n t e n t s  o f  the  s o i l s  a n d  thus allows examination o f  va ' r ia t ions  

'.!aicn o f  the d i f f u s i o n  d a t a  i n  t he  d a t a  base h a s  been previous ly  reoorce, 11; 

2 v ? r - e t y  of top ica l  a n d  t echnica l  progress  r e p o r t s .  One s e t  o f  d a t a  on e - , : ~ :  

'wesiirz Y . 5 .  s o i l s ( * )  a l s o  includes s i e v e  a n a l y s e s ,  water drainage c n a r a c t ? * - i ; t i c s ,  

2nd c:ner s o i l  parameters.  A l t h o u g h  t h e s e  a r e  n o t  gene ra l ly  a v a i l a b l e  f o r  i i \ C S t  

o f  the o ther  s o i l s ,  several  of the  e i g h t  we l l - cha rac t e r i zed  s o i l s  a r e  ' a l s o  used 

i n  l a t e r  s t u d i e s  on the e f f e c t s  o f  mois ture  o w d i f f u s i o n  c o e f f i c i e n t s " )  a n d  ii, 
coinp*r-ing t ine-de?endent a n d  s t e a d y - s t a t e  measurement techniques.  ( lye a s u r ? x  n t 5 

!;rider axbient  f i e l d  moisture a n d  compaction cond i t ions  a r e  a l s o  repor ted .  ( 5 )  0 
18 OOOZ13 



The r e s u l t s  o f  103 radon d i f f u s i o n  c o e f f i c i e n t  measurements o n  the various a s a i l s  a r e  i l l u s t r a t e d  by the  g r a p h  i n  Figure 7 .  The d a t a  were mostly meitsurec 

by the  time-dependent t echn ique ,  b u t  a1 so included t h i r t e e n  s t e a d y - s t a t e  measure- 

ments. A s  i l l u s t r a t e d ,  the  d i f f u s i o n  c o e f f i c i e n t s  a r e  r e l a t i v e l y  cons t an t  a t  

d ryness ,  a v e r a g i n i  ,3 .061 - 0 . W  ciii i s  for the  seven d r y  s o i l s  t e s t e d .  inc t -?as-  t 2 

: nc j  moistyre causes iower d i f f u s i o n  c o e f f i c i e n t s ,  a s  has bee JreviouLly G L -  

served ( 5 -  13) a n d  p r e d i c t s d  f r o m  a d i f f u s i o n  model. ( 1 9 )  

Considerable s c a t t e r  i n  t h e  d a t a  i s  noted in  Figure 7 .  This i s  a r e s c i t  o f  

severa l  v a r i a b l e s ,  i nc lud ing  unce r t a in? !  in the d i f f u s i o n  c o e f f i c i e n t  measure:r!sn;, 

Q n c e r t a i n t y  i n  t h 2  degree  o f  moisture s a t u r a t i o n ,  a n d  v a r i a t i o n  key soi 1 

g5r-3r;ieter-s s ~ c n  3s t o t a l  porosiLy, pore s i z e  d i s t r i b u t i o n ,  t o r t d o s i  t:, or  c j r a i n  
4 

shape f a c t o r s ,  a n d  homogeneity o f  the s o i l  sample. t was shown by a randoci ps rc  6 

P c c a u r , t  f s r  very i a r g e  v a r i a t i o n s  i n  t h  moisture dependence o f  d i f f u s i o n  
- .  

' 
xj .: 1, ?c:s. i n i s  nioae; p r e d i c t s  small v a r i a t i c 7 s  among d i f f e r e n t  s o i l s  dl;e t~ 

: ; 7 r : L C s i i ; i  d i f f e r e n c 2 s  a t  'ness ( n i  :: 0) a n d  . . s tura t ion  (m l ) ,  b u t  one ~2 $? 
i. . 

:HG s ~ i e r - o f - n i a g n i  t c d ?  v a r i a t i o n s  a t  i n t e rmed ia t e  moist i l res .  

A; r h r  . . , d g S h 1 6 &  vcr i  a t  i o n  i n  d i  f f u s i o n  c o e f f i c i e n t s  a t  i nt2rmedi a t e  no1 s t;;r:s 
i i  v 

c21i E lcrgely a t t r i b u ' , ? d  t o  varying pore s i z e  d i s t r i b u t i c n s ,  the v a r i a t i o n  a t  

h j g l i  cioistur?s (rn = 9 . 9 - 1 . 0 )  cannot .  i n s t e a d ,  t h i s  v a r i a t i o n  r e s u l c s  f rcz  Cfje 

'4er-y s r e e ?  v a r i a t i J n  i n  d i f f u s i o n  c o e f f i c i e n t s  w i t h  nioisture as  rn aoproaches 

unity. Tnis causes  ; a r g e  apparent e r r o r s  in d i f f c s i o n  C o e f f i c i e n t s  t o  re:;;: f ro? 

r e l a t i v e l y  sinal1 e r r o r s  in s a m p l e  moisture c o n t e n t ,  d e n s i t y ,  o r  s p e c i f i c  r j r d . J i  t y  

e s t i m a t s s  from which the s a t u r a t i o n ,  in ,  i s  e s t ima ted .  The d i f f u s i o n  model pre- 

d i c t s  an  even s t e e p e r  s lope  for  t h i s  region t h a n  i s  shown i n  Figure 7 ,  sugcjestics 

0 . 9 5  t o  1 . 0  f o r  a r e l a t i v e l y  well-graded s o i l . ( l 0 )  The l a r g e  $ v a r i a t i o n  near 

two-orlcier-Of-nagni tude v a r i a t i o n s  i n  d i f f u s i o n  c o e f f i c i e n t  i n  c h a n g i n g  rn frofi; 

r a t i o n  i n  the  f i g u r e  i s  t h e r e f o r e  a t t r i b u t e d  t o  u n c e r t a i n t i e s  i n  the decjree o f  

a :  19 00061ii 
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'%"?sture s a t u r a t i o n  o f  the s o i l  samples. . i  ' . 

A bias  i s  noted i n  comparing the d i f f u s i o n  c o e f f i c i e n t s  a t  s a t u r a t i o n  i f 1  

Figure 7 w i t h  the  exgected value o f  1.6 x 10 -6 cm 2 / s .  This i s  due t o  d i f f i c u l t y  

in cornpierely s a t u r a t i n g  a sample, a n d  a l s o  t o  t r u n c a t i o n  o f  the lower p a r t  o f  

the  d i s r r i b u t j o n  o f  these  c o e f f i c i e n t s .  i n e  t r u n c a t i o n  occurs  because d i f f u s j c n  

c c e f f i c i e c t s  o f  n410-3 c Y / s  requi re  about seven days f o r  d e t e c t i o n  o f  the radcn 

2 2 ;  f r o n t " )  a n d  meisurements were o f t e n  terminated before  t h i s  t i n e .  Al t t i c ~ q n  

upper l i m i t s  such as  <ld cm2/s were estiiliated f rom the  t e rmina t ion  t i n e ,  the52 

- 3  

values viere n o t  included i n  the d a t a  base.  

,A c o r r e l a t i o n  o f  the d a t a  w i t h  moisture a n d  po ros i ty  was p Formed based plr i 

upor. insii3hts gained from applying the d i i f i l s ion  c o e f f i c i e n t  model. An a n a l y s i s  

o f  t h e  t c r t u o s i  t y  equa: 'ons( lO) i n  the  model and  a b a s o n a b l e  c o r r e l a t i o n  bct;.teen 

?or3s i t - /  a n d  .,:idths c f  the pore s i z e  d i s t r i b u t i o n s  Y i nd ica t ed  t h a t  tP,e po ros i ty  

A 
i i c -  a a c ? ,  a s  i n d i c 2 ; e c  i n f i g u r e  7 ,  Khe soil ? o r o s i t i e s  a i d  n o t  c o r r 2 i ~ t ~  ? s  

I 

well as e x p e r t s d .  

<::a ',.:i:n 3oros i f i ; z s ;  z 2 2 . t  i s ,  p o r o s i t i e s  b o t h  higher  a n d  lowsr t n a n  the A i ' e r s  ,e 

C ~ C ~ J T  b o t h  a % v ?  a n d  ceiow the c o r r e l a t i o n  curve i n  Figure 7 using the avc-rzsc. 

E : c d i i < n $ t i o n  o f  the  d a t a  r e v e a l s  no compelling t rend o f  the 
. .  P! 

! .  
:/ 

I-, i s  exgecced t h a t  h i g h  p o r o s i t i e s  may g e n e r a l l y  c o r r e l a t e  w i t h  iliciier 

d i f f u s i o n  c o e f f i c i e n t s  a t  a given degree of mois ture  s a t u r a t i o n .  T h i s  i s  c ~ 2  t o  

t h e i r  gene ra l ly  l e s s - t o r t u o u s  d i f f u s i o n  p a t h w a y ,  a n d  a l s o  t o  the higner  p o r o s i t i e s  

usual ly  a s s o c i a t e d  w i t h  narrow pore - s i ze  a n d  g r a i n - s i z e  d i s t r i b u t i o n s .  i n  the  

present  d a t a  s e t ,  m n y  s o i l s  were analyzed a t  d e n s i t i e s  well below the s tandard 

P r o c t o r  d e n s i r y ,  however, a n d  the expected r e l a t i o n s h i p  between p o r o s i t y  a n d  

l i s t r i b u t i o n  widths may be l e s s  pronounced. 
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! 

Several t r i a l  func t ions  were compared w i t h  t h e  da t a  in  Figure 7 ,  and the  

c g r r e l a t i o n  func t ion  chosen t o  represent t h a t  d a t a  was 

2 2  3 D = 0 . 1 9 6  e x p  [ -3 .9(m - P m + m ) ] , ! F, ' ,~ " I 

c P r e 

3 = 

m = f r a c t i o n a l  moisture  s a t u r a t i o n  ( m O .  1 j 

? =. s o i l  po ros i ty  

radon d i f f u s i o n  c o e f f i c i e n t  o f  the  s o i l  pore space (cm 2 / s )  

- .  . , l i s  . fLnction *&as chosen aver  o t h e r s  because i t  had t h e  iowesL d ,geometric s t a n -  
i 

c z r c  deviation from t h e  d a t a ,  2 . 5 .  I t  was noted t h a t  several  o t h e r  func t iocs  

r r i t h  d i f f e r e n t  po ros i ty  terms a l s o  had a geometri tandard dev ia t ion  w n i c p t  *i;a: 

ne3rly a; low a s  2 . 5 ,  t h u s  suggest ing t h a t  the degree o f  po ros i ty  dependence o f  

- - fxnct ion i s  not  highly important .  e three l i n e s  p l o t t e d  i n  Figure 7 

Tc.;;rbsen; the rxean p o r o s i t  f o r  the da ta  s e t  and i t s  2a confidence i n t c r v a l .  

' :s  renaining v a r i a t i o n  o t ' expla ined  by t h i s  func t ion  i s  2 t t r i b u t e d  i o  50 .1  

Fl-operti?s 89 i~ a s  ?ore d i s t r i b u t i o n  widths which are  not  a s  r ead i ly  a v a i l a b l e  

F 
ck 

P 
.. c ' c  

- .  

' <  . ,-r. .)in eng ine&-g  parameters .  

F o r  c-n;?arisori w i t h  two prev 

'- presen: da ta  s e t  LVLS a l s o  ana 

=;ana t o  exhibi  t higtiet- geometric 

-.. 

( 5 - 2 )  
03s d i f f u s i o n  c o e f f i c i e n t  c o r r e l d t i o n s ,  

yzed  w i t h  r e s p e c t  t o  the  e a r l i e r  ea:iud:iCns ?r,c 

s tandard  d e v i a t i o n s .  liew f i t t i n g  p a r a x t e r - s  

#rere es t imated  from the present  d a t a  f o r  t h e  c o r r e l a t i o n  ( 9  

-6 m D = a [ ? ( : - m ) ]  + 6 . 6  x 10 - . i -ni  
( 7 )  

For the b e s t  f i t  of t he  present d a t a  s e t ,  - a changed from 0 . 7 4  t o  0 . 3 5 9  and 

b changed from 1 . 1 6  t o  2 . 3 2 .  The geometr ic  s tandard  dev ia t ion  from the  prese7;t 0 -  
dzca s e t  using these parameters was 3 . 7 .  

22 , .  



E q u a t i o n  ( 6 )  has a s i m i l a r  form t o  t he  o t h e r  previous c o r r e l a t i o n  of  d i f -  0 fusion c o e f f i c i e n t s  w i t h  m o i s t u r e ,  p re se rv ing  a n  exponent ia l  decrease  M i  t h  moi 
/ 7 A \  

i u r e '  l"' from the maximum value for  the  d i f f u s i o n  c o e f f i c i e n t  o f  radon i n  a i r ,  

9 .196  CF / s .  Because o f  t o r t u o s i t y  i n  t he  S o i l s ,  t h i s  value i s  not reached even 2 

' a t  d ryness ,  however, so the  funct ion i s  t runca ted  a n d  held cons t an t  a t  
2 D C.C6 cm / s  f o r  m c S . 1 .  The exponential  argument i s  a simple power s e r i e s  i n  

3 ,  ';inere the f i r s t  t2rni d e f i n e s  the general  down;Jard s lope .  The squzred t e r n  

contains  the  p o r o s i t y  inf l . . :p- ie  a n d  a l s o  causes  a more g r a d u a l  decrease  witth 

r i o i s t u r o  i n  the  pore f i l l ' i r G : .  region. The cub ic  term accounts f o r  x a j o r  pore 

blackage near s a t u r a t i o n  a n d  causes the  more r a p i d  decreases  i n  t h i s  r e -  

" 3  ; i d n .  n G n i j  the  c o n s t a n t  3 . 9  i n  equat ion ( 6 )  was va r i ed  in  process .  

C,ec?c;s? :f the  d a t a  1 i m i t a t l o n s  near s a t u r a t i o n ,  a t i o n  ' ( 6 )  i s  cons idered  
e$ 

, J a i i d  o . , d C r  the  range O.l<n;0.95, even though t h e  f i t  t o  the d a t a  s e t  extended 

Ts:!?c:on ( 5 )  can a l s o  be expresse P i n  a form containing s t a n d a r d  enyi r ,eer in ;  

over  t h e  rznge 0 ' 1 ~ ~ 1 .  

.. ,.; - r 2 ,.ii.- I :  - o f  t h ?  cover m a p a l ,  s p e c i f i c a l l y ,  the  b u l k  dens i ty  d ,  the moic;ture 

_ : .? ren t  i n  a d r y  weight  percent  b a s i s ,  M ,  a n d  t h e  s p e c i f i c  g r a v i t y  o f  the mtiier- 

1 2 1 ,  ,:. i n  tbps terms equation ( 6 )  becomes 3 
3 = r3.iSG exp  [-3.3 [in) GdP1, 3 - ( d l l ) '  + (Fj)]] 
For most e a r t h e n  m a t e r i a l s  a value o f  2 . 7  g / m 3  can be used f o r  C .  

3 . 2  SC)LXCE TERM 

The source term used i n  the  e v a l u a t i o n s  

f l u x ,  J t .  ! t  c a n  be c a l c u l a t e d  from the  fo l  

= 1:'RdE t a n h  6 X, L 

t t 

23  

( 2 j  

i s  e.l.pressed as  the bare t a i l i n g s  

owing express  

9 

on : 
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I 

Mnere 

i! = radium, con ten t  o f  the  t a i l i n g s  (pCi /g)  

E = emanation c o e f f i c i e n t  

X = radon decay cons t an t  ( 2 . 1  x s e c - l )  

A n  a l t e r n a t e  way t o  ob ta in  a n  e s t i m a t e  o f  J t  i s  from d i r e c t  measureFenti o n  

:'le bare p i l e s .  

U T F i A P  s i t e s ' ' )  i s  surmarized in Table 3.  

Some o f  the  a v a i l a b l e  experimental  da t a  f o r  J t  on r ep resen tz t ive  

T A B L E  3 

RADOC FLUX DATA FOR REPRESENTATIVE UMTRAP S I T E S  1 
S i t e  

Ambrosia Lake 
Canonsbut-g 
3 u r a n g o  

Grand J u n c  t i on 

;reen Xiver 

Monument Val l s y  
?:CN x i  f l e  

O l d  R i f l e  
R i  verton 

S a l t  Lake City 
Shiprock 
Tuba City 

. .  . ,  

P 
P 

70 
225 
5 50 

95 

150 
125 
400 

20 
2 70  

703 

65 
2 50 

110 
180 

I 

008619 24 



3 . 2  14ETEORCLOZY DATA 

The meteorological in format ion  needed f o r  t he  nomograph i n  Figure 6 

c o n s i s t s  of  t he  wind frequency i n  t he  maximal 90 0 s e c t o r ,  the  a s s o c i a t e d  wind-  

speed,  u a n d  the  s t a b i l i t y  c l a s s .  

average s t a b i l i t y  c l z s s  o f  D can be assumed so t h a t  !ne f a c t o r  A becomes 1 . 0  G .  

Representa t ive  values for f and  u f o r  some of the UI.172AP s i t e s " )  a r e  tabulated 

For  lack o f  f u r t h e r  in format ion  an a n n u a l  

i n  Table 4 .  

T A G L E  4 

METEOROLOGICAL DATA FOR SOME UMTRAP SiTES 

S i t e  

Arr;Sros i a L a k e  

Canons bur; 

Duranqo 
Grand J u n c t i o n  
Green 2 iver  

G u n n i  son 

?laybe1 1 
!- lonurner!mi ley 
R i f l e  i i v 
Xi verton 

S a l t  Lake C i t y  

S h i  p rock  

P 

I .  . .  

f - 

0.35  2 .  5 )  

0 .50  

4 . 8  

1 . 9  

25 

0 . 2 4  3 . 9  
0.45  2 . 7  

0 . 2 6  1 . 2  

0.35  1 . 0  
0 . 4 E  3.1 

0 .55  3 . 7  

0 .36 2 . 7  

000120 

UII f - 
1 0 . 5  

2 . 2  
7 . 1  

16. 1 
5 . 9  
4 . 5  
2 . 3  
6 . 5  

6 . 7  
7 . 7  
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where 

A?PEND I X 

MATHEMATICAL 3ASIS FOR NOMOGRAPHS 

-, ine ncri:ograph f o r  es t imat ing  cover th i cknesses ,  given i n  Figure 1 ,  i s  t,ased 

(I:,?) -. 
! ne u 3 o n  t h e  2xact d i  i f u s i o n  theory so lu t ion  t o  the  t\./o-region p r o g l  em. 

c I I r+  : a i =  - r -  = ! J X  i s  given b y ,  

- b  x c c  2J, e 

6 1 

= c . 7 4  I :: 
,/q 
!A 

h 

The  ,ialue o f  x for  a s p e c i f i e d  f lux  can be obtained by rearranging t n i s  ...- c 

.?,zu?:jcn, cssuming :ne t a i l i n g s  a r e  more than 2 m  th ick  and a p p r c l x i n l s t i n q  
.A 

? ; ~ ? ( - b - . < - ;  by ( j / J * )  2 . The r e s u l t  i s  c -  L 

( 1 3 )  
E q u a t i o n  ( A - 2 )  i s  p l o t t e d  in the nomograph using s tandard techniques.  

26 000621 



The nomographs f o r  nis ter ia l  volumes a r e  based upon s tandard geometric ex- 

p r e s s i o n s .  I t  i s  assumed t h a t  the  t a i l i n g s  p i l e  edges a r e  contoured be fo re  the  

p i l e  i s  covered. 

edges o f  t h 2  p i l e  t o  conform t o  the  s lope c r i t e r i o n  S ,  as  shown i n  Figure 2 .  

Two cases  ? r e  cons ide red :  

r e s u i  t i n g  exp res s ions  a r e  inde7,:ndent o f  p i l e  

T h i s  c o n t o u r i n g  i s  as  :ned t o  c o n s i s t  o n l y  of s l o , i n g  the 

a r e c t a n g u l a r  p i l e  ana  a c i r c u l a r  p i l e ,  however ,  tne 

-.ape. 

Rectanaulzr T a i l i n a s  ? i l e  

(4 r e c t a n g u l a r  p i l e  w i t h  i n i t i a l  l e n g t h ,  w i d t h ,  and th i ckness  L ,  W ,  and x t 

; n e  CD!;Z!- 

o t a l  volume o f  t a i l i n s 5  

x - .  i s  contoured Sy s l o ? i n g  the s ides  o f  t he  p i l e  t o  a s lope  r a t i o ,  4 .  
-3 re r i a l  is then added t o  a v e r t i c a l  dep th ,  x C . 
i f - , d  cover i s  

3 2  
t; = - s x , j i , " - s " * j ( x * + x  L \ / I ,  i L C  ) + ( L t W - 2 x t S ) (  Q c 2  + x  ) s + - I x  ; t c  + x  ) s 

' r , e  vol  w e  o f  t a i l  ings I S  LWx t so the  volume o f  cover mater la l  7 s 
/- 

- 
c - L  L x t ( L + W - 2 x t S ) ( x ;  + 2 x c x t ) S  + [; =V-L'Ax, = I L'A-x,S(W&L) 7 ' j  

7 - $ 3 3  S'(XC+3Y 2 x,+3x x') 
2 C L  c t  

Le t t ing  V o  = LWxc = A x 

a n d  
P C  

4 2 3  
X t  i- 7 5 x c  v s  = S l \ L + 3 ) ( X  + x  x t s - x  x- + 2s x C 

2 3 3  2 2  
c c t  c t  

1 ,:, - j -. 

( A - 5 )  

27 
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"c = ' lo -+ "s 

I n  g e n e r a l ,  the f i r s t  term on the right-hand s ide  o f  equat ion  ( A - 6 )  d ~ ~ ; ; j n -  

a t e s  so t h a t  i t  may be w r i t t e n  as 

! f  it i s  assumed t h a t  x = 3 x  then equation (A-8) becomes t C '  

i 
E q u a t i o n  ( A - 5 )  i s  the b a s i s  o f  the nomograph Figure 3 a n d  equation 

( A - ? )  i s  the bas i s  c f  the nomograph i n  Figure 4 .  

0 5 P A c i r c u l a r  t a i l i n g s  p i l e  y i e l d s  t same expressions f o r  V ana V '  a: 

:n e c c z t i o n s  i l l - 5 )  a n d  { A - $ 3 ) .  he t a i l i n g s  p i l e  o f  i n i t i a l  r a a i u :  :I Lrlc 

A 
t h a t  the  s i d e s  a r e  cha rac t e r i zed  by a s lDpe  r z t - c  

C 

t" i :ckness  x i s  c o n t o y r e d  

5. 
t 

k i t 9  s. cover o f  th ickness  x added the  t o t a l  volume o f  t a i l i n g s  a n d  cover i s  

*q 

Subtr2ct ing the t a i l i n g s  volume, TIR 2 x gives  a cover volume t '  

za 



. 

2 Let t ing  Vo = aR x and  
C 

x x  c t  x: 1 I 2 , 2  
T )  v = a ( x c  + x;) a x c  + s : xc  + - + 2 

,.(? a g a i n  o b t a i n  

For mo:: a g p l i i a t i o n s  e q u a t i o n  ( A - 1 3 )  can be w r i t t e n  as 

a farm i d e n t i c a l  t o  equat ion (A-8;  

( A -  i 2  ) 

(A-14: 

Equations ( A - 8 )  a n d  ( A - 9 )  can be mbined s o  t h a t  themore general 

f8 ) r  ’;? ( c a l l  i t  V ’ )  c a n  be expressed n terms of the  V given i n  equst ion ( A -  
> S P S e 
‘4; = v s  ( 1  + x t / x c ) / 4  

/? 
! ,  
i,’ , 

1 ‘  

T h i s  ex3ress ion  i s  The b a s i s  for  the nomograph i n  Figure 5 .  

(A-15) 

!f cover mater ia l  i s  used fo r  the s i d e  s l o p e s ,  a n d  the  t a i l i n g s  ar? no: 

co!;‘:2ured a t  t he  edges ,  more m a t e r i a l  i s  needed t h a n  f o r  the above czse .  - .  , ~ e  

macerial needed f o r  the  s ide  s lopes i s  e a s i l y  determined t o  be 

1 2 2 
2 t c  v; = - S P X C  ( 1  + x / x  ) , 

o r ,  i n  terms o f  equat ion  ( A - 9 )  

. .  

( A -  1 6 )  

2 9  
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T h i s  e q y a t i o n  i s  the b a s i s  f o r  Co iumn D i n  Figure 5 

1 7 9, !-, t j I I .? 
.-,. u ~ c . ~ k ~ A R Y  RAZON C O N C E N T R A T I O N  

? e l 2 t i n g  the  s u r f a c e  radon f l u x  t o  a boundary concen t r a t ion  requi res  d e t z i l e d  

q u a n t i f i c a t i o n  of the s i t e  micrometeorology, topology,  t a i l i n g s  s i z e ,  e t c .  Even 

jZ2ndar-d Zaussian P1 urne techniques f o r  a r ea  sources  h a v e  shortcomings because o f  

saurce c o n f i s g r a t i o n  approximations a n d  because the p e r t i n e n t  d i  tances  a r e  l e s s  

tnsn t h e  rznge o f  a p p l i c a b i l  i t ; /  o f  the d i s p e r s i o n  c o e f f i c i e n t s . /  Fu r the rao re ,  
A 

1 i m i t a t i o n s  o f  nomocraphic techniques impose 

.2= ::e mecnani sn being represented .  

e s t r i c t i o n s  on  the compiexi t y  

simple miass balance 

a L z v a c n  was ased f a r  the nomograph i n  i g u r e  6 .  Comparison of  the r?sultr ,  r v i t n  

?.i:?--neni a n a  w i t h  c a l c u l a t i o n s  u s i n  DAD-lII(14) a n d  MILDOSt .-( 15)  C O I l l G U  t e r  P 0 
t h a c  a r e  comparable t o  the more coinplex calcLlations. R i x ~ t ! ~ ,  ; i i ? I d S  unce r t a in  

- .  r i r s t ,  s m a x i m u n  sceba r io  i s  modeled in which the  w i n d  always blows Z C ~ G S S  

7 ..- ieng:!~ ~ - r e c t a n g u l a r  t a i l i n g s  p i l e  ana the b o u n d a r y  i s  a t  the e d ~ e  o f  t?,e 
; ,  , !  

. , - ,  . ? - ,  . r .  

.;.i ::e 91 ; I  y,ieids 

T ; l d c L r / q <  the  r a d o n  production r a t e  w i  tn the r adon  loss rate, ~ a s t  che edge  
. .  

I 

JL = C uH 

wnere 

J = s u r f a c e  f l i l x  

L = length o f  p i l e  

C = radon concen t r a t ion  a t  p i l e  edge 

I -  i ;,- 1;) 

30 



u = windspeed 

ti = e f f e c t i v e  mixing h e i g h t  or v e r t i c a l  d i s p e r s i o n  c o e f f i c i e n t  

Rearranging equa t ion  (A-18) gives 

L C/J = - 
U H  

Next, a n  i r r e g u l a r  snaped p i l e  andan  i s o t r o p i c  windrose i s  cons ide red .  T h e  

tzte balance y i e l d s  

0 
A c/J = - 

Pf”i; 

wr,e r e  

?, = area  cjf the  p i l e  

P, = boundary  per imeter  
P P 

I f  a n o n i s o t r o p i c  w i  6 ’  d r  s e  i s  cons ide red ,  equat ion ( A - 2 9 )  becomes 

n = number o f ’ s e c t o r s  c o n t r i b u t i n g  radon  t o  the  s p e c i f i c  
b o u n d a r y  po in t  

f = wind frequency sumned over n s e c t o r s  

16 = t o t a l  number o f  s e c t o r s  

The a p p r o p r i a t e  value for n can be e s t ima ted  by cons ider ing  the maxinal c z  

f o r  a square p i l e  and one -d i r ec t iona l  w i n d .  For t h i s  c a s e ,  equation ( A - 2 1 )  

31 
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becomes 

16 L 
4n uH C/J = - - ( A - 2 2  1 

Cmgarison of  equat ions  ( A - 2 2  and ( A - 1 9 )  g ives  a value o f  fou r  f o r  n; thus 

The c h a r a c t e r i s t i c  v e r t i c a l  mixing he ight , ,  ti i s  es t imated  from the  v e r t i c a l  

d i spe r s ion  c o e f f i c i e n t ,  a,, used i n  Gaussian F l u m e  c a l c u l a t i o n s .  
L. 

The Briggs fo rmYla t ion ( l6 )  f o r  u7 i s  i n t e g r a t e d  t o  o b t a i n  an average o f  the - 
inverse  o f  7 ,  aver  a a ’ s t a n c e  L .  This i s  denoted by a a n d  can  be approxioated - Z 

L 

~ : q ~ r e  B i s  a cons tan t  t h a t  d i f f e r s  f o r  each atmospheric s t  b i l i t y  c l a s s .  

0 :  250 rn f o r  L was se i ec t ed  as r e p r e s e n t a t i v e ,  a n d  t he  corresponding value f o r  

A value 

- (7 . n d ~  s e t  equal t3 2 .  - I  inus ,  
- 

2 = 408 . 1 1  

E q u a t i o n  ( A - 2 3 )  becomes 

C / J  =(%)(A) , . 

where 

A = 108. : , * ‘0 ‘ i i  

( A - 2 5 )  

I 

1 

32 
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C I  . , -. .. , 
r 1.. ' .,* ,-. 

. ,  g I ..,' 
Values o f  A are given i n  Table 1. 

Equa t ion  ( A - 2 5 )  i s  the basis o f  the  nomograph i n  Figure 6 .  

3 3  
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m- A task was defined to determine thr effects of vrriou, sand t y  as and 
thickmites on the K-65 s i l o  re la t ive  t o  radon attenuation gamma 
shleldigg. The task Was t o  determine using v r r h i s  thtcknesscs and types of 
sand the optflpum cover that  could be achi,eved. 

m- The mothad that was usad involvrr the use of vrrlous computer codes, 
types and thicknesses a i  sands. A SerieS of computrtlonr using the computer 
programs uas t o  be cmleted based on input data from gtevious work, data  
obtalned from sand vendors, and Input generated from In-house calculations. 
The results o f  this data would then be grrphlcally plotted t o  provide racultr 
a f  the data in a logical and visual form. 

COMPUTER - The computer codes that wore used for calculation o f  the 
a t t o n u a t d o E d  shielding are: 1) "Rad1 a t i o n  Attenuation Effectiveness and 
Cover Optimization with Moisture Effects" W C O M .  (Ref. - 1); and 2)  " A  
Cornblnrtorfal Geometry Version of CAO-?SA, A Polnt Kernel Code System for 
Neutron and Gama-Ray Shielding Calculation Using the CP Build-Up factor" 
QAO-CGGP, {Ref. 2 )  The computer program that was used for daterninatton of 
the statistical val id i ty  gf' the data was * A  Proptietary Statistical and Data 
Base ttanrgeracnt System, STAT-PRO, (Ref. 3 ) .  Thvcomputer programs that were 
used for compilation o f  the Uata and p l o t t l n  of  the results rere "Lotus 
Otvelopent Company, LOTUS 123' LOTUS 123, (Ief. 4) and "Lotus freelance 
Plus', FREELANCE, (Ref. 5). All codes and program mre either i n i t i a l l y  run 
against known Inputs or outputs, ot ihave been prevfously approved far use wlthout thls roquiregant. ,' 

INPUT DAT& - The fOlioWtq sets o f  input data wera used. They are provided in 
tabulated forn  for Infamrtim. 

INPUT 04 TA FOR W ATTWLotJ C A L C ~ T ' r O  N E (Raf. 6) 

Radium Content 

Emanating Powor 0 .2  

2 x 105 Nilg 
Dens1 ty 1.6 q t a a ~ ~ / c d  

Perori t y  0.3 

UT DATA FOR GAHHA (Ref. 7)  

Gamw Surface K-65 613 mea/hr. 

Calculated Radium 3, ZS 1 C u m  cr/both 

. .  .. - 
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(RM. 8 )  - - 
Moisturn n 1 5% 12% 

Dtotrlbution by Siwa Slze: 

I 04 

+ 16 
1) 30 
140 
# 50 
P 70 
YlOO 
#ZOO 

1, oa 
9% 
9% 
93% 
80% 
76% 
45% 
22% I 

12% 
6% 

2% 
99% 

72% 
44% 
22% 
11% 

4% 
2% 

Ma 

Porus1 t y  38z 37% 

Output Data for Gaplrr Shlolding 

Yasonrv Sand PO -t Sari4 

Distance From S o m e  ( a l l  readings In nnr/hr) '-,, 

Surface 4 3  613 
1 foot $25 430 
2 feet 312 318 
3 feet 208 .213 

5 feet 106 152 
4 f e e t  152 iai 

O u t p u t  Data for &don Attenurttm 

plud_CwRnt Sand 
Distancc-from Source (al l  readlngs In pCl/f?/se~) 

Surf ace 70 70 
1 foot 62 63 
2 feet 51 53 
3 foet 32 37 
4 feet 2 17 
J feet 0 3 

- 
9% 

9% 
w 
66% 
36% 
22% 

9% 
5% 
2% 
1% 

34% 

4 

Colrfo B i t u n o u s  Sand 

613 
4330 
314 
234 
198 
168 

70 
65 
55 
42 
25 
a 

(NOTE) The output data w a s  inputted and run through a statlstical validation 
program t o  d e t t m p ?  If the data was representative and i f  any anmaIies 
existed. The rew * of tt-ise calculrtlons indlcatod that the da was 
statistically v r l k  $1 that .:e carrelatlons mra uithfr, tRe 96% confidence 
level. The data was men ~ l o t s e d  against a standard ltnear r q r e s s l o n  analysis 
t o  produce (L saooth curve. This assisted I n  analysis  o f  the data. (See 
References t 3, P4. and X5) . -  . .  

Page 2 
080836 
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The output data Indicates that In radon att8nUrtiW and gam8 sh!aldtng the 
use of the nrronry Sand preducss the optfmm rarults w i t h  the minlnw 
of mrterlal. Four feet of Msonry Sand OffOctivOly 01lRlnater dl measurable 
radon ~ S S ~ D ~ S  t o  tho enuitonmont and producrs a 75% raduttion In gam& This 
reducttan In gama Could stgnificrntly reduce the skyshine f r o m  these two 
sources md result i n  a reduced off-rite and on-rite population dose. 

Tho s m  amount (four feet) of Portland Cement Sand results I n  a 75% reduction 
in radon missions and o 70% reduction i n  gama. The Coarse Bltmlnous Sand, 
when filled to four feet, Only producat I 62% reduCtlOn I n  radon emissions and 
a 65% roductfon i n  gama. 

The deterwination of which type of sand t O  Uta Would indicate that using the 
Haconpy Sand would achieve the maxiam reduction f o r  the least amount of 
matorial. Since large quant i t ies  of  sand W l l l  be required i t  IS log'cal t o  
assume t h a t  the cost differential between tho various sands would n o t  be 
significant. The savings i n  radon emlttions and gama dose t o  the pogulatton 
would appear t o  more than justtry differorrce In  cost. 

The data i s  represented graphlcal7y on Attachment 1 and Attachment 2. 

I 
1 
I 
I 
I 
I 
I 
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APPENDIX D - ALARA CALCULATIONS 
1 . 0 ASSUMPTIONS 

Silos 1 and 2 contain: 

7222 cubic yards of wet residue 

The total curie content of both silos is distributed equally 

11,200 kg uranium or 3.73 curies of U-238 
3593 curies of Ra-226 at 311 mg Ra-226/ton residue 

between Silos 1 and 2. 

Thirty-seven curies of Rn-222, in equilibrium with its daughters, 
are evacuated from silo void via operation of the existing radon 
removal system. 
of work, and work is finished before 50 hours have elapsed since 
evacuation was completed. 

Density of Silos 1 and 2 material (119 pounds/ft3 or 1.9 g/cc). 

Each silo is evacuated within 10 hours before start 

Average silo dome dose equivalent at the end of evacuation is 72 
mrsdhr. This value comes from radiation survey results as 
documented in the "Completion Report K-65 Interim Stabilization 
Project Exterior Foam Application/Radon Treatment System Operation," 

0 dated December 1987. 

Dose rate calculations were made using Microshield, "A Program for - 
Analyzing Gamma Radiation Shielding," Version 3, Grove Engineering, 
Inc., iriashington Grove, Maryland. 

ENC1430APC 
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2.0 ALARA REVIEW SUMMARY 
STYROFOAM PEANUT COMPLETE FILL 

L 

1 .  

2. 

3. 

4. 

5. 

Valving on radon system ( 2  X 15 min X 72 mR/hr) = 

Removal of two manholes ( 2  X 30 min X 72 mR/hr) = 

Piping up Airvey line (2 X 30 min X 72 mR/hr) = 

Fill check after each load ( 1  X 20 min X 69.2 mR/hr) = 

Truck unloading (2 X 20 hrs X 0.4 mR/hr) = 

36 mrem 

72 mrem 

72 mrem 

23.1 mrem 

16 mrem 

6. Removal of Airvey lines and replace manholes 
(2 X 45 min X 66.3 mR/hr) = 99.4 mrem 

Sub total 318.5 mrem 

Support personnel ( 1 1  X 20 hrs X 0.4 mR/hr) 88 mrem 

406.5 mrem 

Total 813a mrem 

, -., 

X 2 silos 

'Estimated total exposure obtained to attentuate gamma radiation from an 
average 72 mR/hr down t o  66.3 mR/hr with inefficient radon attenuation. 

, 

... . . 

ENG1430APC 
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3.0 ALARA REVIEW SUMMARY 
VERMICULITE COMPLETE FILL 

1. Valving on radon system (2 X 15 min X 72 mR/hr) = 

2. Removal cl' rour manholes (2 X 60 min X 72 mR/hr) = 

3. Conveyor/equiprnent setup ( 2  X 60 min X 72 mR/hr) = 

4. Fill check ( 1  X 20 nnin X 44.4 mR/hr) = 

5. Material unloading ( i  X 475 hrs X 0.4 mUhr) = 

6. Conveyor removal/replace manholes 
( 2  X 60 min X 16.7 mR/hr) = 

Subtotal 

Support personnel ( 1 1  X 20 hrs X 0.4 mR/hrj 

650.2 mrem 

36 mrem 

144 mrem 

144 mrem 

14.8 mrem 

190 mrem 

33.4 mrem 

562.2 mrem 

88 mrem 

X 2 silos 

Total 1300.4a mrem 

"Estimated total exp0sur.e obtained to attentuate gamma radiation from an 
average 72 mR/hr down to  16.7 mR/hr with incomplete radon attenuation. 

ENG1430APC 
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4.0 ALARA REVIEW SUMMARY 
SAND (FOUR FEET) 

1 .  Yalving on radon system (2 X 15 min X 72 mR/hr) = 

2 .  aemoval of three manholes (2 X 45 min X 72 mR/hr) = 

3. 

4. ?i l l  check ( 1 X 20 rnin X 1.4 mR/hr) = 

'5. :laterial unloading ( 1 X 16 hrs X 0.4 mR/hr) = 

6 .  Conveyor removal/replace manholes 
(2 X 60 rnin X 0.005 mR/hr) = 

Conveyors/equipment setup (2 X 60 min X 72 mR/hr) = 

Sub total 

3upport personnel ( 1 1  X 20 hrs X 0.4 mR/hr) 

382.9 mrem 

Total 766.6a rnrem 

36 mrem 

108 mrem 

144 mrem 

0.5 mrem 

6.4 mrem 

0.01 rnrem 

294.91 mrem 

88 mrem 

X 2 s i l o s  

aEscirnated total exposure obtained to attentuate gamma radiation from an 
average 72 mR/hr down to 0.005 mR/hr with only 4 feet of material and 
almost completely attenuate the radon. 

. /  
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5.0 ALMA REVIEW SUMMARY 
FLY ASH (FOUR FEET) 

1 .  

2. 3emoval of four manholes (2 X 60 min X 72 mR/hr) = 

3. Sonveyor/equipment setup (2 X 60 min X 72 mR/hr) = 

4. F i l l  check ( 1  X 20 min X 8.0 mR/hr) = 

5. !laterial unloading ( 1  X 16 hrs X 0.4 mR/hr) = 

'Valving on radon system (2 X 15 min X 72 mR/hr) = 

6. Conveyor removal/replace manholes 
(2 X 60 min X 0.73 mR/hr) = 

Subtotal 

Support personnel ( 1 1  X 20 hrs X 0.4 mR/hr) 

422.6 mrem 

36 mrem 

144 mrem 

144 mrem 

2.7 mrem 

6.4 mrem 

1.5 mrem 

334.6 mrem 

88 mrem 

X 2 silos 

Total 845.2a mrem 

average 72 mR/hr down t o  0.73 mR/hr, and provide some radon attenuation. 

ENC1430APC 
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6 .0  MICROSHIELD DOSE RATE CALCULATIONS FOR SILOS 1 AND 2 

I 
Given : 

Average on-contact  dose ra te  determined from measured va lues  f o r  S i l o s  
1 and 2 :  ( radon removed from a i r s p a c e )  

Average = (68 + 7 6 )  mr/hr = 72 mr/hr 
2 

Calcu la t ion  o f  Adjustment Fac tor :  

An adjustment  f a c t o r  is a p p l i e d  t o  each va lue  of t h e  microshield 
ou tpu t s  i nco rpora t ing  measured dose rates i n t o  c a l c u l a t e d  dose  
rates.  The f a c t o r  is t h e  r a t i o  of  t h e  average  measured dose  ra te  and 
the  c a l c u l a t e d  dose ra te  as determined by Microshield a t  1 cm above 
t h e  dome l i d .  T h i s  method of  c a l i b r a t i n g  t h e  Microshield o u t p u t s  by 
means o f  measured dose r a c e s  on the  s i l o s  c o r r e c t s  f o r  un#nown 
d i s t r i b u t i o n  ( d i f f u s i o n )  o f  radon wi th in  t h e  K-65 s ludges:  

72 mr/hr = 5 6 7  
127 mr/hr Factor  = 

/ *  

’/ 

Resul t s  

The dose r a t e s  shown i n  T a b l e  5 - 2 ” a r e  l i s t e d  f o r  varying types  and 
th icknesses  o f  s h i e l d i n g .  The f a c t o r  .567 has  already been inc luded .  
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