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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). At present, the radiation exposure

rates on the surfaces of the two silo domes are approximately 145 and 185
/’M

mr/hour, and the radon emission levels have been found at 20 to 45 pCi/liter.

The radiation levels, and particularly the continual emission of radon, have

created the need for a specific remediation program. The problem has been
exacerbated by structural weakness in the center 2@”feet of each of the two K-

65 silos. Thus, the purpose of the studies preseani herein is to respond to

Item 6 of the Comprehensive Environmentgl Response, Compensation, and

Liability Act (CERCLA) Section of the ral Facilities Compliance Agreement. ‘
(FFCA) between the Department of Ener (DOE) and the U.S. Environmental

Protection Agency (EPA). Jgazaccomplish these goals, the study includes

provisions for the interin control of radon gas and radon decay product

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

A group of 13 alternatives for radon attenuation were screened together with
four silo dome support methods and combinations. From these, two classes of
support systems emerged: foam-in-place expanded polymer layers and loose-fill

granular materials such as sand.

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

this option. A consideration of the economics of the pilot test obviated the

continuance of this option. ‘
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' The remaining preferred alternatives were explored 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

e —————

K-65 sludges within each silo. Structural analysis has shown (will show) that

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.
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2.0 'INTRODUCTION

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. 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 .zl element fabrication. /1/’

From 1953 through 1955, the FMPC refinery processed pitchblende ore from the
Belgian Congo. No .chemical separation or purificgfion was performed on the
ore before it arrived at the FMPC. Beginning in 1956 the refinery'feed
consisted of uranium concentrates (yellawcake) from Canada and the United
States. p\

No uranium ore is currenti;;%eing received at the FMPC. The basic process
performed now is the convérsion of uranium-containing residues, uranium
hexafluoride[:iyd uranium tetrafluoride to uranium metal.

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. 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 exceptlon of a 20- foot diameter center section of the dome. At

present, two 1nter1m stablllzatlon 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 Phase II, the internal

—

attenuatlon layer application, is scheduled for fall 1988.
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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 OOO cublc 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 CUblC
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

(5102). The other constituents that make up 1 percent or more of the residue

T ———
“Tnclude calcium, iron, magnesium, and lead No organlc constituents are known
to be present in the K-65 residues, although conflrmatory data/rfe not

available. -

2.3.2 Radiological Characteristics F:T
'The radlologlcal constltuents of the K- 65 re51due have been estlmated to

anlude 11 200 kg of uranium (0.71 perg@nt U-235) and 3000 Ci of radlum (Ra-
g Ra-226/ton residue. Radon flux

e ————e

measurements made in Octob 1984 at 24 locations on each silo ranged from 123

226). The radium concentration is 31

e e - . e e —_—

pC1/m2/sec to more than 3F 107 pCl/m2/sec The hlghest flux values were

obtalned on_ surfaces that contalned observable cracks

At present, !;;)radlatlon exposure rates on the surfaces of the K-65 silo

domes are approx1mately 145 and 185 mrem/hour, and the radon emission levels L

monitoring results are U5 pCi/liter and 20 pCi/liter, respectively. 7

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. Initially, this layer

—_— T

was also 1ntended to prov1de support for the weakened portion of the 51lo

roof’; however, recent 1nspectlon of the silos and other developments have

resulted in decoupllné‘th ‘roof'support from ‘the attenuation layer 's6 that 14Lﬂﬂ

ndent svstems tha /Q
_lndeoendent systems that provide either attenuatlon or roof support can be QZji o

evaluated separately This report dlscusses “the various methods and

combinations of methods proposed to accomplish these tasks and the selection

of the methods determlned to be the most feasible.
LI ﬁj
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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.

. ations.

Transfer of Silo 3 material ip{o Silos 1 and 2
Other granular solids and co

SILO DOME SUPPORT OR COMBZ{RTION

Dome cover

Elag eric membrane

Loope/supporting material over radon attenuation layer
Inf¥ated bladder within top of silo.

L] . L ] L]

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."
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3.1 DISCUSSION AND SELECTION OF ALTERNATIVES FOR FURTHER EVALUATION

The listed alternatives provide either radon and gamma attenuation, or roof

support. In order to provide both roof support and radon attenuation, some
et T —

combination of alternatives may be necessary. Those combinations will be

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.

Radon can be controlled by elther stopplng or reducing the emission from the

e e e

sludge by placing a barrier over the sludge or by collecting and treating the

radon by controlling the release The first option was elimingg®ed from
1 of the radon

radon as it is emltted from the silo. The first two options treat the emitted G?I&ﬁ

further consideration because it did not provide positive contr
and no reduction in the gamma emitted from the silo. 6 The second option would

require further testing to determine carbon capacjg;,since radod treatment ()QZQN
systems utilizing activated carbon are designed fdr intermittent use. The

degree of capacity loss due to the dejzﬁxproducts Ls not known. Gamma T

emission is not reduced.

The application of a spra am layer to attenuate the radon by stopping its A
diffusion into the atmosphere was considered to be a likely candidate. A Opler
detailed stu f this option was presented to WMCO in the report,
"EngineeringTi;Zdy of the K-65 Storage Silo Radbn Mitigation and Dome
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 digggiigzii__

. 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. The conceptual cost estimate for the

test of approximately $300,000 eliminated this option from further
i inyew,.

Addition of some type of organic polymeric-type materials, including gels, Cﬁﬂ:;A-Qf

asphalts, and latex emulsions, had some interesting possibilities but were

finally rejected because the materials had not been tried before and no real

000010
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data existed for this type of application. In addition, all materials had the ‘

potential for producing a mixed waste.

N

—
Inorganic slurries and cement-type materials were also considered but finally Qfa“é s
rejected because they also required some development. Lightweight cements
were finally rejected because of the potential for cracking and lack of

dimensional stability.

Activated carbon, magnesium sulfate, silica gel, énd similar materials were O E;JS
rejected because the water in the slurry would be adsorbed into the material ‘o)?*ka
and reduce the radon attenuation capacity. The concept of a dessicant layer

between the sludge and the carbon was eliminated because ther%/%s’more water

in the sludge than can be adsorbed in a dessicant layer that wo@ld fit inside

the silo.

The transfer of Silo 3 material into Silos 1 and J:i;s considered because the
material was available, already a low-lavel waste, and could attenuate the 9 o
radon and gamma. It was finally reje because of public and regulatory

concerns for handling the material twice (i.e., transferring to the silos and

in the final remediation)

The granular 1 option is considered the most promising. Sand, fly ash, .
— _ /‘ -~ -
contaminated|sgil, gypsum, or lime could be used. These materials are readily Ul

J

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.> This option will be
developed further.

Dome ‘supports that were rejected include an inflatable bladder, a dome cover, D@“x‘

and an elastomeric seal. The bladder was rejected because of installation and $ﬁ§fv
potential puncture problems. The dbme cover and the elastomeric seal were Qf. \
rejected because of installation problems. They would also have to be

combined with a radon/gamma attenuation layer, and as such do not offer any

advantage over the addition of a loose fill above the attenuation layer for ‘

silo roof support.
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The pr el;m;nacy"eyaluatlcns have resulted 1n the follow1ng combinations for

.final screening:

.. JENG14303

n7T/1h /29

Granular flll materlal to prov1de a radon attenuatlon layer only

Granular fill layer combined with loose fill to prov1de silo roof

support _ e e

An elastomeric membrane above the granular fill to provide an
impervious seal on the attenuation layer, both with and without the
loose 111, e e -

«

W\

)
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4.0 FINAL SCREENING OF ALTERNATIVES '

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

1. A loose fill of styrofoam "peanuts" only

2. A loose fill of vermiculite/perlite ohly

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 seak’r/
6. A U-foot layer of sand/fly ash with peanut fill

7. A 4-foot layer of sand/fly ash with elasf;;;ric membrane and peanut
fill.

e

A total of about 76,000 cubic feet is uired to completely fill both ‘

silos. For the fooot attenuation layers alone, only 40,000 cubic feet are
“needed for both silos toiﬁ;iFr. The evaluations are done with the same
s

criteria as in the initi creenings except for the exotherm criteria, which

is not applic e in these cases, and the addition of a cost criteria.

41 STYROFO{ PEANUTS

Summary

Styrofoam peanuts are extensively used for packaging and protection of all
types of materials. These peanuts are lightweight and, of the 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-effig;ency

pgrticulate air (HEPA) filter would be needed over the exhaust manhole to vent ‘

. '
2 Y / : a7
v s edlom ¥ ocoden -‘{Q""‘/-;‘?,i-\(g ol
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‘ the air. Radon and gamma mitigation would be minimal due to the extremely low

—
oulk den51ty of the peanuts Upon remedlatlon, the. peanuts could be sucked or

olown out, compacted .and then buried or burned.

Evaluation Criteria

Application Ease - Because the peanuts are lightweight and can be applied with

air, the installation would be relatively simple. The delivery trucks usually
come equipped with a blower for the transfer of the peanuts. A transfer duct

from the truck to the 5110 would have to be constructed and a screen with a

HEPA filter placed on an exhaust manhole for the alr to escapeko

e ——————————— . P ]

Dimensional Stability - The peanuts, because they are loosely p?cked, will

settle and may require an additional application to fill the voids caused by

settling. F:f

Technical Complexity - Minor, because/ZSis type of material handling is

‘ commonplace.

Impact on Final Remediatﬂsge- Because the bulk density of the peanuts is about
.338 pound/cubic foot and the absolute density is .665 pound/cubic foot, the\57

material can,ba compacted to reduce the volume. Hot melt roll compactors are

——

available toLgpmpress and melt the peanuts. They could also be burned. 9
\_/

Public Perception - Would probably meet with some skepticism.

Environmental and Safety Considerations - Tne“peanuts would provide n}n{na; ”"f;jjf
mitigation of the radon and gamma radiation due to its low density and high
vpid_space The filled silo would prov1de some. _protection against roof o
Lallure except tQQE the peanuts may compact under the weight of any concrete ligggzz
that may fall and compromise the mitigating effect of the material.

S I\

\ ' Cost - The cost of 76,000 cubic feet of peanuts is about $44,000 including

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

S el .
BARLY

ENG14304 000014
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truck are required for unloading. At four trucks per day and a tctal of 20 ‘
trucks to supply the necessary amount of peanuts, 5 days are required to

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.

Summary ;
This material is used as poured flll lnsulatlon in concrete block walls,

—— e —— | ——

filter aids, addltlves for-éoncrete etc The matdpial is an expanded form of
an inorganic silicate that eXhlbltS excellent lnsdlatlhé bropertles, moisture
re51stance, and nonflammablllty Unfo unigg;y, the material is only

- &Eallatlon would require handling bags ‘
of materlal in addition to _the conveying and distribution of the fill in the
silo. The bags could be g;;T

A ——

avallable in 4 cubic foot bags 50 the

tied into a hopper and airveyed into the silo;
however, the vendors do not recommend this method because vermiculite tends to
clog the tra;é?br system. The norm%}ﬁmethod of adding the material is to dump
from the bagg,dlrectly into the 51lql,/Thls would cause additional ALARA
concerns because personnel would have to be on the silo during the

operation. The vermiculite would provide some radon and gamma attenuation

although LtsAbulk density is relatively low. Material and installation costs

are higher than the costs of styrofoam peanuﬁ§9 and the ALARA concern would be

greater.

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. ‘

000015
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Dimensional Stability - The material is more dense than the peanuts and
T feretrast o

exhibit less o: a tendency to settle however, some settllng may still

occur. Addltlonally, it would be dlfflcult to fill the area under the dome

e ———

and above the manhoiés to prov1de support to that portion of the dome. {E;

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 airveyrfnstallation
may occur. Because the material is a loose fill, it could be demoved with the

silo contents and disposed.

Public Perception - The public may not be convinced about the applicability of

this attenuation method. /{)\

Env1ronmental and Safety,QQQSLderatlons - The vermlcullte/perllte would /3™

S
provide better attenuatldﬂAﬁf the radon and gamma than the peanuts; howeveg
it may not provide positive support to the dome because it would be difficult

to get the maférial under the dome and above the manholes.

Cost - Enough vermiculite ‘to fill the silo would cost about $83,000, including

delivery. Addltlonal costs for installation and the ALARA concerns would make

thlS optlon very expen51ve

—

- -

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 talllngs, so an equ1valent layer
of sand should provide similar results. Sand is relatively cheap and easily

handled. Air could be used to install the sand; however, 1ts denSLty (about

ENG 14304 i,
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100 pound/cubic foot) would require a sizable blower and its tendency to dust ‘

— e e e @__._.._4 —————
—_—

would create problems w1th the silo exhaust alr A portable _conveyor would

probably be . the mostlefflelenc method of 1nstallat10n “%and is avallable in

bulk. As with the vermiculite, sand would be difficult to fill in the area of
the silo above the manholes and below the dome so some measure of silo support
could be lost. An even layer may also be dlfflcult to achieve, but if the

minimum thickness is obtained, thlé ehould not be a problem Sand is not

compre531ble, 50 remedlatlon would have to contend wlth the entire volume of
sand added. ALARA concerns would be improved since the installation is done

remotely (conveyor) and the sand would provide adequate attenuation of the
radon and gamma.

Evaluation Criteria /1/’

Application Ease - The sand is relatively dusty E:;he installation procedure

- —_— e

would require an efficient dust control system, ificluding-a-HEPA-filter. .

Dimensional Stability - The density o}féxe sand and its particle size would
make it quite stable. Veryqlittle settling would be expected if the moisture

level in the silo does n hange. Based on recent video tape data obtained

by WMCO, the silo contents appear to_be packed and stable enough to support
2,

the sand. j:i)sand would not be expected to.dry and crack”after installation

since the s is under essentlally constant humidity.

Technical Complexity - Bulk transport and handling of sand is common.

Impact on Final Remediation - Removal with the contents would be the most

desirable. The sand may be able to be separated into a contaminated layer and
uncontaminated layer for ultimate disposal. Volume reduction.is not otherwise

possible.

Public Perception - Probably better than with peanuts or vermiculite.

Environmental and Safety Considerations - This probably provides the best .

overall safety margin for radon and gamma attenuation because soil is commonly

)
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used for radon attenuation. Even though the sand may not be able to fill the

void under the dome above the manholes, the thickness of the sand at that

/\_______ ———

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 locally.

Material costs for thg,u—foot attenuation layer in both silos would be

approximately $12,466.Y Bulk delivery to the portable conveyor and

installation should be fairly simple.

4.4 FLY ASH , /‘/

Summary
Other than a lower density (about 45 pound/cubic F;;k) and a different overall

inorganic composition, fly ash would have similar{characteristics as sand for

"free", on-site and has to be dispose somehow anyway. Radon attenuation,

this application. Fly ash has one maj advantage over sand in that it is
FoN

silo support, and ALARA c iderations should be similar to sand. Gamma

attenuation will be less[%:thhe same thickness of fill. Installation

procedures would be SLmliar to sand and the same concerns for dusting would

have to be 1if3essed.

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. Some settling may occur but it

should be insignificant. Drying and cracking should not be a problem.

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

'ENG 14304 _ 000018
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o2
4

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 co;:(:ill be
installation. Installation cost will be slightly higher than sand because the

fly ash has to be picked up and transported.
L.5 SAND OR FLY ASH WITH AN ELASTOMERIN MEMBRANE SEAL

/}X
Summary

Application of a spray c \g of an elastomeric membrane on top of a layer of

fly ash/sand could add additional radon attenuation; however, it would not
provide any Fﬁaﬁtional gamma attenuation or protection from silo roof

failure. Thg/épplication of the membrane would be complex because an
additional step is required. This additional step is also a complex spraying
épplication that 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. Failure of the silo roof would
breach the membrane and the fill material would be left to provide

attenuation.

000019
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Evaluation Criteria

Application Ease - The addition of the elastomer would provide additional

complexity to the installation of the materials.

Dimenéional Stability - The granular fill would be quite stable. The

membrane, by definition, is flexible.

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

previous options.

with the silo contents. Thé volume of the material would be s

Impact on Final Remediation - The membrane would have to be digpOsed of along
11 compared to

the silo contents.

Public Perception - Politically, a "seal" on the Efz; contents may have

positive public perception. /{)\

Environmental Safety Concepls - The ﬁembrane would provide a relatively

impervious seal to radon i[diXfusion; however, a sufficient sand/fly ash layer
would also provide adequate attenuation. The membrane would not provide any
protection fiffom roof failure because it would be breached by the concrete, and

attenuation jyeuld be based on the fill layer alone.
Cost - 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.

060020
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Evaluation Criteria

Application Z:3e - Somewhat more ~omplicated because the additional step for

-

the peanut ..l has been includec.

Dimensional Stability - No significant settling of the sand/fly 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. The air transfer system may causg” some dusting
of the fill already in the silo.

Impact on Final Remediation - The peanuts would hj;:’to be remc red, compacted,
and then burneZ or buried. They may not be low-ldvel wastes. The other fill
would be dispcsed of with tae silo co;figts. Some of this fill could be

segregated.

Public Perception - May eive the roof support as positive although the

peanuts may be seen with some skepticism.

Environmentag:;Ld 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

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 000021
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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. In-
stallation of this combination would be the most complex of the options
discussed here. Tﬁis option offers little improvement in radon and gamma
attenuation and provides negligible roof support. Installation of this
combination would be very complex and expensive. Public perception may be

positive.

Evaluation Criteria

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

peanuts.

Dimensional Stability - Sand or fly ash should beffféble; membrane will

stretch and shrink as needed, and the peanuts may|settle and compact somewhat.

Technical Complexity - Several steps 7§>§pplication will increase the
complexity of the project. The application of the membrane over an uneven

layer of sand or fly ash be difficult.

Impact on Finpad Remediation - More material to remove. Styrofoam peanuts and

] .
membrane wiﬂl e disposed as organics. They should not be contaminated with

radioactivity. The fill will be removed with the silo contents.

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 sufficient, to provide protection should the roof fail. The

ENG 14304 SRR 0 )
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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). Thes® two options
provide effective radon and gamma attentuation, as seen from ;ingLARA
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 and Volume for Uranium Mill

from debris should the roof fail. Ra

Tailings" in Appendix C. A minimum 4-§Rot layer provides an effective barrier
and gamma attenuation are provided by

the sand/fly ash layer, ang~the dome roof integrity is not critical. Recent
video tape information o ned from WMCO of the inside of the silos showed no
scaling of the concrete rbof, which indicates the integrity is better than the
earlier repo had indicated. Roof failure into the silo therefore is less
likely. The{:;Lition of peanuts or vermiculite on top of the attenuation
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 of 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.

The option chosen as the preferred alternative is the U4-foot sand or fly ash
attenuation layer. Both sand and fly ash will be evaluated because the ‘

similarities and advantages are comparable.

000023
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Table 4-1. Evaluation Comparison Chart

Evaluation Criteria

Option a B - C D E F G Overall
Peanuts 1 7 1 3 7 7 4 30
Vermiculite Y 6 y 4 5 6 5 34
Sand . 2 1.5 2 2 4 4 2 1755
Fly ash 3 1.5 3 1 3 4 1 o
S or FA + 5 4.5 5 -5 6 Yy 3 32.5
Peanuts ,
S or FA + 6 3 6 6 2 2 ’ 31
Membrane ' .
S or FA + 7 4.5 7 7 1 1 7 34.5
Membrane +
Peanuts

N

Overall ranking is the sum of the ingz;eﬁual rankings with no weighting. Each
ranking is 1 for best to 7 (there are seven options) for worst of each
criteria. A 7 does not ssarily mean that the item does not meet minimum
performance requirements]ggz that criteria; it just means the other cases are
better at that particulan criteria.

Evaluation jzzaeria are defined as:
. Applicat#bn ease

Dimensional stability

Technical complexity

Impact on final remediation

Public perception '
Environmental safety considerations
Cost.

QTMMmOHoO O W
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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 utilize front end loaders, ?4;; hoppers,

belt conveyors, spreaders, and a dust collection system as illustrated in

Figure 5-1. Two complete lines of equipment wilngéfused to minimize fill

tihe (to approximately 17 hours). Use of commonly] available rental conveyors

68 feet in length requires that a 10 bys23 feet in length section of the

embankment around each silo be excavatgd™ This would need approval by WMCO ’

and should be considered when performing the structural assessment.

Sand or fly ash will be hauled to the silo in 20-ton dump trucks. The
material will A alternately offloaded next to the feed hopper of each system
creating twoif}éckpiles. A Bobcat® will be used to load the stockpiled
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 throughout 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.

The radon removal system will be operated prior to removal of the manholes.
It will not be operated during the filling operation due to dusting. If work

ENG14305 000025
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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 106 pCi/l in the silos, the radon system will be reinstalled and

accumulated radon removed before work is continued.

5.1.2 Equipment
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 Availability

Rental equipment is available locally. Reference vendor telegpqﬁé conversa-

tions documented in Appendix E. The dust collector, HEPA filtef, and

spreaders are.stock items with 2- to U-week delivery

5.1.4 Schedule

" The earliest start date is 4 weeks fro the receipt of a signed task order
dependent on equipment delivery. Sit ork duration is estimated at 1 week. ‘

Actual application duratizg;?s estimated at 2 days. Reference the schedule
i

provided in Figure 5-2.
{

5.2 TECHNICAMZ NEASIBILITY
The additionig?lsand or fly ash to the K-65 silos is 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
or 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

ENG 14305 .
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Table 5-1. Major Equipment 5 9 4 8
Number
Required Item
2 Conveyors (Minimum 68 feet long)
2 Spreaders
2 Hoppers
4 Bobcats
1 Dust collector
1 HEPA filter
1 Hydraulic power unit /1//
1, 32 Front end loader
28 20 ton dump trucﬁ:r
2 Convifg: discharge chutes
dFor fly ash only. r
L
ENG 143054 000028

07/14/88 F1



U 13aus]  )LIEEOE ‘ON gor

aTNpoYg Dalo
pasodo G 2andt
I 9svyd $31va "A3Y 1SV
SOTTS G9-) JO UOTIBITITH :yo4 88/91/9 ‘31va
, TI34US "X :a8 30VW
3INA3AHOS 1D0$3rodd :SNUYNIY

z
L
UUUULT

. i UIWINO0ILJ

l 5 SpTg M3TASY
N potiag b1

J snadg pIg TRUL4
Kr_ soadg ptg MOTA3Y
A .
.
€

soadg prg 1Jeaq

uetd J.I0M TBUuUlyj

ueTd YJI0M MOTASY

% uerd YI0p 3JBIdQ
01 6 ¢ L 9 5 0

SHAAN YHOM 40 NOILdIHOS3A

=5 :
L. NOlL 00 E

pr— T AT




40 gz 133HS LIEEOE "ON 8or| - aTnpayoy 499L'04d

5917 8|

pasodoag -g-¢ 94undiyg

IT °seyq +34vQ "A3Y 1SV

; a K 8
SOTIS G9-Y JO UOT}IBITITH :yo4 - 88/91/9 :31va T AT, sutssyg

I @seqq JO T M9°9M Jurumssy,
3TINA3IHIOS 1D233roud TT=4S "M A6 3QVW :

(SNUVYNIY

_ ,A,i. | uo T} BZ I TqOmSq

r UOTHIPPY OTNuUBIn

o sAg uopey Jo uolleaadg

1 -
l . D, s quomdinbyg Jo QUSmWOAOR

uoT1IPPY d[NURLY

n P . wo1sAg uopey JOo uoTjeIadQ

X ‘ spag uopvy JI0J ABO3(
' SyooM g Jo uofyatdmo)

1 _ quandtnbyg jo Arquossy

arnueay yo aTtdyo031g

it : wisg JO UOTIBARSXH .

I UOT4RZTTIAOW 931S -

] weTq I9d
A \ X Surrdmeg Jo uoTyaTdmon

(paenutyuU0)) JUAWBIND0IJ

6-€ : 2-92 G2-61 gt-2t

o NHOM 40 NOI11dIHIOS3a
1990390 g loquaqdag

o @ EF 1

00600439




Date: 07/15/88
Section No.: 5.0

Revision No.: 0
Page 7 of 11
in the silos. The silo wastes are now reported to be dry enough to form ‘
surface cracks and should support the sand.

.5.2.1 Radon/Gamma Reduction

The effectiveness of various thicknesses and types of 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. The model predicted that, depending on the type of
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. A masonry
sand provided the highest reduction of both radon and gamma ragd@tion and
would be recommended. Because particle size, density, and mozigire content
for the fly ash are not available, the effect on radon emissions cannot yet be

modeled. This should be studied if fly ash is to considered.

5.2.2 Structural Impolications
The proposed remedial action is to pr@e a layer of sand approximately 4 '

feet in thickness on top of _the existing K-65 material. Assuming the sand
weighs 100 pounds per cubEZi?oot, the increase in weight of the total contents
is approximately 20 percent.

i : . LA , .
Because the Eg}ght increase is significant, the silo should be evaluated 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

000031
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material to be remediated and ultimately disposed. This would probably result
in a proportionate increase in remediation cost as a result of the increased

volume.

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. /1,’

5.4 ENVIRONMENTAL AND SAFETY CONSIDERATIONS

5.4.1 ALARA

An ALARA review of the K-6§ residue Silgs 1 and 2 was conducted in accordance
with the Statement of Work. Various lar fill materials were considered in
multiple depths‘for radon atgtenuation and gamma shielding. The mode of material
conveyance into the silosf;;% determined using good engineering practices and
giving considerations to éfficient operations and ALARA concerns.

/\

The fill mat%g}éls reviewed were styrofoam "peanuts'", vermiculite, sand, and
fly ash. Given bulk densities and desired depths of materials, estimated
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.

The next ALARA factor of greatest impéct is the distance afforded by remote
filling methods. Shielding is one of the desired results of the fill, and at
least initially, little shielding is afforded.

00003%
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Table 5-2. Summary of Dose Estimates
Rate?

Shield Material (mR/hr)
Air 71.04
Sand

1 foot 5.31

2 foot b

3 foot .ol

4 foot _ .005
Styrofoam peanuts 66.33
(fills airspace)
Vermiculite 16.72 ,/(/
(fills airspace) I
Fly ash

1 foot .32

2 foot 6.81

3 foot 2.19

4 foot 2 .13

L4

3Dose pg}n; at 81 cm above surface

of domf/(}d.

D

000033

ENG14305B
07/14/88 F1



Date: 07/15/88
Section No.: 5.0
Revision No.: O

Page 10 of 11 5978

ranges from 1917.5 mrem to 3250 mrem depending on the material used. Given

The estimated radiatioﬁ exposure for the K-65 Silo granular fill project

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 ASI assumptions. Density (shielding property) of the materials and

the mode of conveyance affect the final dose assessment.

Material Versus Dose

+ Styrofoam peanuts - Complete fill dose at silo dome reduced from 72
mR/hour to 66.3 mR/hour at the expense of 813 mrem efgiaure

« Vermiculite - Complete fill dose at silo dome reduced
to 16.7 mR/hour at the expense of 1300 mrem exposure

rom 72 mR/hour

+ Sand - Four feet fill dose at silo dome uced from 72 mR/hour to
0.005 mR/hour at the expense of 767 mremfexposure

o Fly ash - Four feet fill doseyxt silo dome reduced from 72 mR/hour to
0.73 mR/hour at the expense 45 mrem exposure.

In addition to determininE:%Fe gamma shielding effect, radon attenuation

afforded by the various ffill materials is a major factor in the final
" selection for mitigation. Only the sand, with its limited suggested depth of
4 feet, effe{E;lely eliminates 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 andAengineering controls, and the measures to control the release
of hazardous and radicactive 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

ENG14305 o 0060034
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fly ash or sand, and mechanical hazards typical of solids-handling

equipment. These can all be addressed by engineering controls. The dusts
from the silo may contain heavy metals and silica, as well as radioactivity,
and will be removed from silo ventilation air by dust collectors and HEPA
filters. The dust from the sand and fly ash will be controlled to meet

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 *30 percent

accuracy. Back-up information is provided in Appendix E.

Sand Fly/lgg

(%) ($1)
Equipment costs per silo 12,2 16,380
Material costs per silo 6, 0
Labor costs per silo 68, 410 71,640

- Subtotal P\ 86,893 88,020
Total for two silos 173,786 176,0402

3Does not accounl for savings from using ash currently on site
and incurring disposal costs one time.

D
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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 pitchblen;;[:re from the
Belgian Congo. No chemical separation or purifi:-ntion was performed on the
ore bhefore it arrived at the FMPC. Beginning in f§56 the refinery feed

consisted of uran:.um concentrates (yellowcake) from Canada and the United

States. p\
/

No uranium ore is currentJf)being received at the FMPC. The basic process
performed now is the conyerdion of uranium-containing residues, uranium

hexafluoride, and uranium tetrafluoride to uranium metal.

“K-65 SILO HIL;gRY 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. 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 Westinghouse's letter TD: 88-056. Phase II, the

internal attenuation layer application, is scheduled for fall 1988.

000039
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K-65 SILO WASTE CHARACTERISTICS 597R

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
(8102). The other constituents that make up 1 percent or more of the
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.

Radiological Characteristics

The radiological constituents of the K-65 re{gg;e have been estimated to

include 11,200 kg of uranium (0.71 percent U-235) and 3000 Ci of radium

(Ra-226). The radium concentrat?ﬁi\is 311 mg Ra-226/ton residue. Radon
19

flux measurements made in Octobe 84 at 24 locations on each silo

2

ranged from 123 pCi/ ec to more than 3 X 107 pCi/m“/sec. The highest

flux values were obtfiined on surfaces that contained observable cracks.

At presi;:) the radiation exposure rates on the surfaces of the K-65 silo
domes ape 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
only attenuation or roof support. This report discusses the various methods

and combinations of methods proposed to accomplish these tasks.
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e 2.0 RADON ATTENUATION METHODS

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
"pumping" action. The ent would be connected to a closed system or a

treatment system to prevent release of radon.

Evaluation Criteria

Application Ease - Installation of a vent system and connecti:]/Lo a separate
radon control mechanism could make use of the exis{¥ng piping and site

connections. Structural support of the dome woull”probably be required in
addition to this alternative.

Exotherms - Not appliéable. /

Dimensional Stability - *otzapplicable.

Technical Cdﬁg}exity - The technical complexity would be relatively low for
the vent sthé&.

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. ‘
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Public Perception - The vent system alternative should be acceptable from the

public perception standpoint. However, "vent" incorrectly implies a release

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. Releases of radon
would be decreased due to control of "puffing". In conjunction with one of

the dome-sealing alternatives, the vent system may provide acceptable results,

~

T
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MODIFICATION OF EXISTING RADON TREATMENT SYSTEM

Summary
The existing radon collection and treatment system would be modified for

extended runs, either continuous at lower flow or on an intermittent schedule

as required, to prevent radon release from the silos.

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 lonéjI;;m

performance with minimal operating and maintenance aftention.

Most modifications would be made in the portable ilding that houses the

equipment. /l)\

Exotherms - Not applicable

Dimensional Stability - Not applicable.

Technical Coi;;ZXify - 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.
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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.

CRT1393
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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 radiocactive 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. /1/,

Exotherms - System is adiabatic; maximum temperature.is independent of amount

added; will be below degradation temperature.

Dimensional Stability - Some shrinkagjléill occur.

Technical Complexity - Fo pplication is common; however, this application
will require innovation. ? Z

Impact on Finﬁi}Remediation - Foam will have to be cut out and treated as a

low-level ra&jdgctive 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.
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THREE-FOOT FOAM LAYER ON TOP OF SLUDGE WITH ELASTOMER SEAL TO SILO

Summary
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.

Exotherms - Same as foam; elastomer should not be significanta/[/

Dimensional Stability - Elastomer seals gap produceg- by shrinkage.

Technical Complexity - More difficult application!

‘ Impact on Final Remediation - Same asA:oam; may be more difficult to remove

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 interng

dome support would have to be dealt with.

Environmental Safety Considerations - Would reduce more radon release than

foam alone.
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A.PERMANENT OR REVERSIBLE GELS

Summary "III’

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. The gel would have to be remediated és a radioactive
waste or a mixed waste. Additional waste volume is created. These gels may

be more expensive than other methods.

Evaluation Criteria

,/
é!

dpplication Ease - Pumping a liquid into the silo would be rélatively simple.

-~

Exotherms - Gels release very little heat; the rzaction is - .atively s.ow.

LN
4/

Dimensional Stability - The gel would\be flexible enough to adsorb movements
of the silo and contents. o ‘

'
-

‘Technical Complexity ;?Cﬁbosing the right gel formula may be time-consuming.

Impact on Final Remediation - Permanent gels would be treated similar to

foams. The-reversible gels would be changed to liquid and pumped out. Both

gel types would be treated as radioactive waste.

Public Perceptions - 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-2 gel. Expansion and contraction effects
S

would be minimal. The gel would be a radioactive waste.
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ORGANIC MELTS

Summary

Molten organic materials, such as asphalt, petroleum based waxes, and carbowax
(PEG), could be used to seal the top of the sludge. The materials would be
pumped in as hot liquids and would solidify as they cooled. Some of these
compounds have low densities and would float on water, which might be

desirable if the sludges are liquid and have low capac;ty for supporting other
materials. Flashing of water may be a problem as the sludges contact the hot
melts.

Evaluation Criteria /(/

Application Ease - These materials can be poured Bpt meltingAand pumping will

require heated equipment and traced lines. ;:
Exotherms - Not a problem. f\_
LA

Dimensional Stability - Expansion of silo may open cracks that will result in

minor increases in radonﬂleakage.'

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

incineration.

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.

g
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LATEX EMULSION

Summary ‘ll'}

A latex emulsion, similar to latex paint, could be used to attenuate the

" diffusion of radon from the sludges. This emulsion would contain bentonite or
similar clays to provide a thixotropic character. The emulsion would be
pumped in and partially cured by lowering the humidity in the silo so that a
latex film is formed. Mﬁltiple layers of film and emulsion could be built
up. This system should be "self-repairing" if damaged by debris from the

dome. Acrylic as well as other elastomeric emulsions could be considered.

Evaluation Criteria

A

Application Ease - This would be one of the easier systems td install. The

most difficult aspect would be dehumidifying the silo to cure the film.

-\

Exotherms - Not a problem.

Y

C
Y
Dimensional Stability - Self‘-adjust;iné‘ to expansion cycles and settling. .

-~
!

Technical Complexity -;kd@.

e

Impact on.Final 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 o o 59 78 |

Summary
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. Bentonite could be slurried into the
silos.

Exotherms - There is no exotherm associated with bentonite.

rd
Dimensional Stability - Volume change of bentonite is dependJ:; 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

7
]

/N
Technical Complexity - The radon at&€ntation characteristics of bentonite and

other clay materials arg,géll documented. Applications of this type have been
previously studied. }’{

i

Impact on Final Remediation - The bentonite would add volume to the existing

waste mate;ial in the silos and would require disposal as a low-level

radiocactive waste.

Public Perception - Public perception should be no different from that of

using foam. However, this alternative does not provide support for the

weakened seétion of the dome.

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 ﬁhis 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.
<ad
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w4 7 4+ CEMENTITIOUS MATERIALS

Summary , ‘ll"

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 ze
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 o

Application Ease - These materials can be poured or applied by gunning.

Poured mixes can be formulated for good flowabﬁ;ity so that complete coverage

of the sludge surface is assured.

Exotherms - Not a problem. . ‘

Dimensicnal Stability - Expansion of material will have to be considered.

Settling and cracking could be a problem.

Technical Complexity - Low for concrete or gunning ~ixes. Sodium silicate

formulations may be more difficult to control.

Impact on Final Remediation - Easier to remove than foam; 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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ACTIVATED CARBON o978

Summary

Activated carbon is used in the radon removal system to trap the radon until
it can decay. Pouring a layer of activated carbon on the top of the sludge
could trap the radon. However, in the presence of meoisture, radon removal on
carbon approaches zero. The silo humidity is saturated and the carbon would

not absorb the radon, therefore this technique will not be evaluated further.
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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. Theoretically, this
method would work. However, too much water exists in the sludge, making this

impractical. Therefore, this technique will not be used.
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OTHER_GRANULAR SOLIDS AND COMBINATIONS S978

Summary

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 (/
-~ !

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

thickness would be difficult. Addition of an eﬁégtomer would be much more
difficult. 7

s
Exotherms - None with solids; eléstém;r would not add significant heat.

-~

Dimensional Stability 7}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.

Eal

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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§% i“ég giEnvironmental and Safety Considerations - Radon attenuation will depend on

tk‘;ickness. Roof failure into solid bed should not impact radon release if bed '
is thick enough.

—y
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TRANSFER OF SILO-3 MATERIAL INTO SILOS 1 AND 2 - 597 8 ‘

1'II’ Summary

Silo 3 material is a dry metal-oxide, low-level radicactive 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. Enough material is present in Silo 3 to fill both silos,
providing some roof support. Silo 3 may be emptied. No additional waste is
generated. The environmental impact of the transfer would have to be

evaluated.

Evaluation Criteria /1/’

4
§
i

Application Ease - Similar to other solids, except removal from Silo 3 will

have to be evaluated. f::

Exotherms - None. : Y

/ A
‘ Dimensional Stability - A, loose, granular solid that should exhibit good
stability. o

Technical Complexity - 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 DOME SUPPORT OR COMBINATION

DOME COVER

Summary
A lightweight, self-supporting dome cover could be placed on each silo. This

cover would extend over the entire silo and would minimize the environmental

consequences of dome collapse.

Evaluation Criteria

Application Ease - The cover could be manufactured and shipped to the site.

Final assembly would take place at the site. The dome coveq/¢6hld be set by a
crane or assembled in place. These covers can be readily obtained and

installed in a relatively short amount of time.
d
¥

Exotherms - Not applicable.

A\

7

Dimensional Stability - Not applicab&é.

-

Technical Complexity - Uﬁing the dome cover as a radon barrier is probably

more complex than other alternatives because radon attenuation depends on (1)
the material used to construct the dome, and (2) how airtight the dome could

be made, particularly 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. It would
minimize the environmental consequences of dome collapse by maintaining the

interior of the silo in its present state.

006005%
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Impact on Final Remediation - If the dome cover is used as a barrier and 59 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 of dome collapse. Also, the

dome covers would be visible.

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 siLoraome were to

collapse. l

F
D

2N
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Summary "II'

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. Removal of existing

vegetation on the affected area of the berm would be required.

Exotherms - Not applicable. ' rd

1

i

Dimensional Stability - Not applicable.

(/’

3__/
Technical Complexity - The elastomeric membrane;seal was proposed to provide a

seal between the rigid foam and the gilo wall in the original design.
Therefore, it is technologically feasl\ale for this application. .

—~~
]

If collapse of the center. dome portion occurs, the existing temporary cover

would provide support for the membrane.

Impact on EFinal Remediation - The membrane would have no impact on final

remediation because it is located completely outside the silo.

Public Perception - 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. It could be used in conjunction

with other alternatives, such as venting the air space in the silo or a radon

060055 ‘

treatment system.
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LOOSE SUPPORTING MATERIAL OVER RADON ATTENUATION LAYER S9O% 8

1'lll’ Summary

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 suppbrt. The fill
material would not necessarily be considered a radioactive waste. The fill

material could be used alone, but if so, it may not provide sufficient radon

attenuation and would be considered radiocactive waste.

Evaluation Criteria

Application Ease - Material is easily handled by air. /4/’
!
i
Exotherms - None.

c

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

Material is used as packing for shipping fragile cargos.
{

‘ Technical Complexity - S;mple. ‘

L
: \

Impact on Final Remediation - Fill over radon barrier could be incinerated.

Fill alone.would be radicactive waste.

Public Peréeption - Public perception'should be positive if envisioned as a

means of internal dome support or cushion. Perception of use of "fill"

material alone would be poor considering porosity.

Environmental and Safety Considérations - Would provide some roof support.

Final disposal would depend on use; some may be radiocactive waste.

‘. ’ [ OGOOGO
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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. Therefore, the thickness of the bladder material

would be a critical factor in the compactness of the bladder when uninflated.

Mechanical damage of the bladder during installation or damage from possibly
exposed reinforcing steel in the dome would be difficult or impossible to
repair with the bladder in place, and would deibfoy the effectiveness of the

bladder. Therefore, this alternative will not 'be considered further.

0060061 ‘

CRT1393
06/17/88 F2



ENG1481AP(2)

Y

APPENDIX B

060062

59

™



MOCK-UP AND DEMONSTRATION PLAN FOR

FOAMING OF K-65 SILOS P
REV. 0 _
.'i J\‘_
’II//4
e Prepared by: T7/ASI
}/\. June, 1988

Job No. 303317.09.05

060063
ENG1402C0V :



CONTENTS
Number
1.0  SCOPE
2.0  APPROACH
3.0 MATERIAL SELECTION
4.0 SMALL-SCALE TESTING
5.0 LARGE-SCALE TESTING
6.0 EQUIPMENT
7.0 FINAL REPORT

APPENDIX
A. VENDOR LITERATURE

R FIGURE

Number
5-1 CONCEPTUAL LARGE-SCALE FORM
ENG1402CON

-06/03/88 F*

060064

Rev.: 0 :
Date: 06/03/88
Page 1 of 1

0978

Section/Page

171
271
3/1
41
5/1
6/1

7/1

Follows
Page

5-1



Rev.: O
Date: 06/03/88
Page 1 of 1

MOCK-UP AND DEMONSTRATION PLAN .

1.0 SCOPE

This mock-up and demonstration pian outlines the use, applicatior. in-
stallation, and installation monitoring of foam and elastomer mz- -rial

proposed for use on the K-65 Silo foaming project.
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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. A
circumference arc of 90 degrees will be fabricated. A 20-inch ring

representative of the manhole flanges will be suspended above the form.

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

=
Full-scale demonstration of the application tecﬁnique 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

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.

060066
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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 simulate 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/agfreasonably
achievable (ALARA) radon attenuation properties. ;

-~

3.3 ELASTOMER -

]

The elastomer proposed for use on the K-65 Silogfoaming project is Foam
Enterprises Formulation FE7053, a polyurethane elastomer (reference Appendix A ‘

K Pa

for vendor literature). ke

06008"
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4.0 SMALL-SCALE TESTING

4.1 FORM
The 8-foot form will be fabricated of plywood to a depth not less than 8
feet. The form will be constructed to facilitate reuse for more than one foam

formulation.

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 curéf

Two scaled reference poles will be positioned 6 feet apart in the foam to
measure volumetric foam movement. Foam depth %;d pole span measurements will
be recorded at 1-minute intervals for the first 5 minutes after pour, at 5-.
minute intervals for the first hour;éfter pour, and every 30 minutes
thereafter until equilibrium spanssﬂf%our. Measurements shall continue to be
taken twice daily until-no 24-hour change is detected.

The relative humidity 6f 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:
e 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-fdot 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

060088
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.5.€; Third test: 3-foot layer of damp sand. 1-foot layered application of
' the rigid < . ; wait 15 minutes between applications or until failure
conditior orior test(s) is satisfied.
Fourth 3-foot layer of damp sand, 6-inch layered application
of the . foam; wait 15 minutes between applications or until
failurs ‘:ition of prior test(s) is satisfied.
4.4 ACCEPTANCE =~ ERIA
A rigid foam app -tion may be considered successful if the following

conditions are me..

ENG14024
06/03/88

Integrity of the foam structure is r: . zained throughout.

at any measured point during the application or subs ent to the

Temperature does not exceed the temperature of elastomep degradation
pour. 1

Expansion does not exceed the 6 percent allewed for in the structural
evaluation.

Contractic: is ker - -u a r.~imum, wk 2r lncreases the feasibility of

-l

sealing wic® the & . ‘ome: -3\
Layer interface is intact w.,. no degr.:ation of the foam structure. ‘

8

)
!
/

<
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5.0 LARGE-SCALE TESTING : 59 78 '

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. The 20-inch diameter ring will be suspended above the foam at the
approximate location of the manhole on the silo. The form shall have ;
minimum depth of 8 feet to contain the foam. The foEm will be designed to
facilitate reuse. /1”

i

5.2 MONITORING

The full-scale test will be set up with monitorin quipment similar to the
small-scale tests. Temperature-sensing thermocouples will be positioned at
the sand/foam interface, along the foapfAwall interface, in the approximate

center of the foam pour, on the foam rface after pour, and in the elastomer

layer after application. ;::Z

+

Two scaled reference poleé will be positioned 35 feet apart in the foam to
measure voluméf}ic movement. Foam depth and pole span measurements will be
recorded at i;d&nute intervals for the first 5 minutes after pour, at 5-
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 2U-hour change is detected.

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

damp sand layer will be taken for moisture analysis at a laboratory.

5.3 TEST

The full-scale test will be performed to demonstrate the following:

0600%(
ENG 14025 ’ B 0
06/03/88 F1
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e Feasibility of wand application of the rigid foam through a manhole
with limited visibility

¢ Control of foam distribution and depth under s;mulated conditions

e Duplication of application approach as defined during small scale
testing

¢ Feasibility of wand application of elastomerAalong the outer
perimeter of the silo

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

e Volumetric expansion and contraction of foam.

The full-scale test will be developed based on the results of thg small-scale
tests. Equipment used will be similar to that proposed for actual silo
foaming. Application rates and other pertinent data will be recorded and

referenced when the procedures for actual silo foFang are developed.

5.4 ACCEPTANCE CRITERIA
The full-scale test will be performej/fhg data will be collected. If results

significantly differ from the small-dcale test results, additional tests may

be required whereby know1:2§riables (such as application rate or the cure time
between layers) are adjugted. Additional tests may be performed at the

request of or with the confirmation of WMCO.

060072
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6.0 EQUIPMENT " .

Foam Enterprises will use equipment similar in control, size, and capacity to.
that used during actual foaming of the K-65 Silos. The rigid foam will be
applied with a truck-based system. The maximum application rate is 200 pounds
per hour. The elastomer, if used, will be applied with a similar system at a
maximum rate . 4.0 gallons 2er * ur. Also. =2ferenne the original foar
report, "Enginewring Study of the X-65 Stc. e Silo .adoi ¥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.

F
p ®

D
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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 foém 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.

0060074
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! MOCK-UP AND DEMONSTRATION PLAN

1.0 SCOPE
'nis mock-up and demonstrat:..;: plan outlines the use, application, in-
;tallation, and installati:~ monitoring of foam and elastomer material
roposed for use on the K-+ ilo foamins -roject.
1
;W&
LA
)
A
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4.0 SMALL-SCALE TESTING

4.1 FORM
The 8-foot form will be fabricated of plywood to a depth not less than 8
feet. The form will be constructed to facilitate reuse for more than one foam

formulation.

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 curff

l

Two scaled reference poles will be positioned 6 et apart in the foam to
measure volumetric foam movement. Foam depth pole span measurements will
be recorded at 1-minute intervals for the first 5 minutes after pour, at 5-
minute intervals for the first hour/after pour, and every 30 minutes
thereafter until equilibrium spanS’ﬁ/aour Measurements shall continue to be

taken twice daily until-mp 24-hour change is detected.

; \
$

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:
e 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 00007
06/03/88 F1

PSR PULE SRR IPRLIC SO LY CIIPIIPPTR JN L UM TON VRIE S E L SR P B S = S Uy PR UINET ST



SR e
Wl

Rev.: O
Date: 06/03/88
Page 2 of 2

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.

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:

ENG 14024
06/03/38

Integrity of the foam structure is maintained throughout.

at any measured point during the application or subs ent to the

Temperature does not exceed the temperature of elastomep degradation
pour. ‘

Expansion does not exceed the 6 percent allewed for in the structural
evaluation.

Contraction is kept to a minimum, which Increases the feasibility of
sealing with the elastomer.

Layer interface is intact wifézﬁo degradation of the foam structure.

3
D
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+ Feasibility of wand application of the rigid foam through a manhole
with limited visibility

e 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

e« Volumetric expansion and contraction of foam.

The full-scale test will be developed based on the results of th small-scale
tests. Equipment used will be similar to that proposed for actual silo
foaming. Application rates and other pertinent data will be recorded and

referenced when the procedures for actual silo foFang are developed.

5.4 ACCEPTANCE CRITERIA
The full-scale test will be performej/fhg data will be collected. If results

significantly differ from the small-dcale test results, additional tests may

be required whereby know riables (such as application rate or the cure time
between layers) are adjugted. Additional tests may be performed at the

request of or with the confirmation of WMCO.
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The results of the mock-up anu demorns-ration will be analyzed and pres=nted in

7.0 FINAL REPORT

a Quantitative Analysis Report. Primary areas to be addressed are (' che 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 of an alternative material in pléce of the layer of rigid

foam. Draft copies of the report will be submitted to WMCO for review and

comment per the task order.
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GENERAL INFORMATION

The recomrianded application and handling procedures for the specific pro-
duct bein. used :nould be known and followed by the foam applicator. A
small '"test area" of spray foam should be applied and inspected prior to
commencing the project. This simple, low-cost test area can indicate in-
adequace adhesion, improper surface preparation and/or primer, surface con=-
taminacion, improier substrate and/or ambient temperature, equipment mal-
functions, maceris: concaminacion or imprupesr ap: -cation technique A
simple visual inspection of a sample cut {rom & .est and ‘eriodic iob
samples can reveal potential problems that may be due to ore or mors of -
the above conditions.

CAUTION

The use of foamed plastic in interior applicatiors on walls dr ceilings
may present an unreasonable fire hazard unless t » foam is protected by
an approved, fire-resistive thermal barrier whick :3s a fin:sh-rating of
not less than 15 minuces. T/’

The information herein is to assist customers in determining whether our
droducts are suitable for their applicat s. wur products are intended Ior
sale to industrial and comma2rcial cusgemérs. We ~equest that custcmers
inspect and cest our products before use anc satis!  cthemselves as to con-
tencs and suictabilicy. We 4@}ranc that our products will meet our written

specificacions. Nothing h*fédn shall constitute any warranty express or
implied, including 3ny warranty of mercantabilicty or fitness, nor is pro-
tection fram any ' .+ or patent to be inferred. All patent rights are ve-

served. The exXcly. ve remedy for all proven claims is replacement of wur
materials and {n/no event shall we Dbe liable for special, incidental or
consequential damages.
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FOAM ENTERPRISES, Ii
13630 WATERTOWER CIRC
MINNEAPOLIS, MN 5544

(612) 559-3266  (800) 328-3
Cwin city testing

iy OBy, A0 iuat
ST Paas, use Site
PRONE  642:000 20

RCPORT OF:  TESTS OF POLYURETHANE FOAM

1QJECT: MATERIAL, EQUIPMENT AND . DaTE:  June 3, 1977
~LPORTED TO: PROCEDURE EVALUATION PFURNISHED B8Y:
Foam Enterprises, Inc.
13630 Watertower Circle ‘ comes To!
Plymouth, Minnesota 55441 _
2 _arfn’ W Deqnis Holbert i
President -
BORATORY .
ORY No. 5. 7280

INTROOUCTION: . /1/’

This report presents the results of a series of tests qucted on Class [ palyurethane

fcam, nominal density (open mold) 2.0 pounds per cypic[foot The tests were performed
3L the request of Mr. Dennis Holbert, President, foam fnterprises, to satisfy his con-
tract with Marinette Marine Corp, Marinette, Wisconsin, to provide foam in place flotatio.
ner Navsea Drawing 191-5014996 (MMC Orawjihg 1240-001-1913. This materfal {s to meet
. requirements of M{1-P-219298, Class I. 1-P-291298 1s the Military Specitication,

stic Material, Cellular Plyurethane, Fodm-In-Place, Rigid, 2 and & Pounds Per Lubic
Foot, dated II, August, 1359. g

SUMPZR( OF TEST RESULTS:

m Class I

Frogerty \/ - Requirement Tested Yalue
ensity 2.0 £ 0.5 pef  2.28 pcf
“ompressive Strength 20 psi min. 26.2 psi

@ 105 vefaormation)

"unigity Aging

olure cnange, % of original :10 +5.07%
wrLrescive Strength change, 20 ' Less than 1%
< of ¢riginil, max.
orprescive Set., ¥ max. 3.5 2.02
ater fcsorption, 10./F2% of  0.12 0.07 1b./ft?
“urface area, max.
RetiLtance no softening No evidence of softening or visidle
or visible change degradation
“ire Resistance 0GQ0S3 non-burning:and All specimens either self-extinguis

no flaming droplets or did not {gnite, therefore, mater
1¢ non=-huarninn Thawa «vr == .,
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REFORT O TESTS OF POLYURETHANE FOAM

ABORATORY No. 7-7280 pagr: o

¥1LTUKE ANO OISPENSING OF CHEMICALS:

The chemicals used to produce the foam meet the F.C.- MG2A and MG28 specificatiocns.

F.E. -MG2A covers the {socyanate and MG28 covers the resin. Durin foaa
production, the chemicals were used in a 1:1 ratio (by volume).

Erpro design and manufacture. It {s equipped with equally sized proporticning

Equxpment used for foaming was the F.E.- GV6O air p::af;a pumping system, which {s of
fluia pistons powered by a reciprocating air motor. At the dispensing head, the materia
duces air for dynamic mixing, and blé

renifolded into a static mixer which in
ts for the frothing and cogling of the cting chemicals.

Quring the foaming of the mater in the laboratory, temperature control of the MG2A
ned MG2B was maintained, as we{l<as the method of introducing them into the proparticniac
xnumps. The compressed atr predsute was controlled to the pump and the mixing head.

Tne correct amounts of blowing agents, which are necessary to quality and density, were

satrclled by the ﬁ‘ator
Tre pasic chemical quipment and procedures, when applied together by foam technicians

Jsnder the guidance of Dennis Halbert, rasulted in the foam meeting the requirements of
41L-P-215298 for Class [ material,

INTIAL TEST PREFARATION:

Iwo test nalds were fapricated for preparation of two free-risa samples of the polyurets.
foam. The molds measured 13" x 13" x 25" inside dimensions, and were fabricated from &~
eluminum plate, with bolted connections on all corners and edges for ease of remaval

¢f the sample block from the mold. After two unsuccessfuloattempcs to attain the correg
dénsity in the sample blocks, the blocks were foamed at 60 °F and 80°F which were the
Lemperature extremes expected to be encountered on the Job site.

two aluminam molds were pre-conditianed for a minimau of 4 hoursoon March 7, ‘
sre the sample blocks were foamed. Then both the 60°F and the 8Q°F sample bloc

~ ramed and held for a minimum of 48 hours before the samples blocks were removed frox tk.
rolds.
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oarx June 3, 1977

LABORATORY Na. *7-7280 race: 3 .
INITIAL TEST PREPARATION:

The post-cured densities of the two blocks were:

60°F sample - 2.65 pcf. | /(

o0°F sample - 2.28 pef.

t this timeg, it was decided between Foam Enterprises &f:;arinette Marine Corp. to test
wnly the 80°F block, since the 60 F sample :Z§xour of spec for density.

TESTS: | R

Calor and Qdor -

The sample, bladk Aid conform to color and odor requirements.

Densitz -

hfter removal from the mold, the 80°F sample block was trimmed of surface skin to a

block size of 11.75% x 11.75" x 22.7%". The wefght of this block was determined to
be 4.154 1b,, giving a density of 2.28 pounds per cubic foot.

Homogqeneity of Cured Foam -

The sample block was sliced fnto twelve 1* thick (nomindl) layers. The remainder of
the black was set aside for future use, if necessary. A visual examination of both
faces of each of the twelve layers comprising the test specimen revealed that the cur:
foam was free of non-foamed, or soft and tacky particles. The foam was composed of s«

000085
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REPOAT OFi  TEST OF POLYURETHANE F M

oatx. June 3, 1977

LABORATORY No. 7.7280 race: 4

cells of approximately the same size. Blow holes were encountered during the visual
examination, but none were larger than X" and not more than one occurred in any proje«

area of 6™ x 6", Also, no more than 3 blow holes were present in any 3 adjacent 1" u
laycrs,

Cumpressive Strenqth - /I/
Tnree 4" x 4" specimens were tested in accordance with procedure A of ASTM D-1621. Ti
tasis specimens were selected from layers 3, 9 and 1

L3

Sgitman 2 a:z Y103 " Compressive
Name Area, in."”, Density, pcf. Qeformatian, 1b. Strenqth, psi.

3 16.32 2,24 450 27.6

9 16.36 2.37 . 415 25.4

e 16.44 2.19 420 25.5

F:a : Average - 26.2 psi

Huridity Aqing -
S12 specimens uring 4" x 4" were subjected to humidity aging, three of which were

tested afterwards for change in compressive strength.’

Volume Cﬁaqgg

-

Specimen Original Volume Change Volume Change
hutber Volume, in. After 1 day After 7 days
3-1 . 16.52 +4.542 +5.57%

€-1 16.61 +4,52% +4,52%

9-1 * 18.00 . +2.22% +5.11%

Average - +5,07%
\0 reversion was detected during the 7-day conditioning period at 140%F and 1003 R.H.

Compressive Strenqth Change

Specimen

2 Ry Load at 10% Compressive
Nuroer Area, in. Density, pcf. Deformation, 1b. Strenqth, psi.
3-1 16.81 2,23 455 27.1

6-1 16.81 2.21 - 430 25.6
9-1 17.22 2.27 000086 45 25.3
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oATR: June 3, 1977

LABORATORY Ne.  7.7280 Pace:  §

Compression Set -

Three apecimens measuring 2.250% diameter were subjected to a static load of 5 psi
at 158°F for 24 hours. After a 30 minute recovery periad, the thicknasses were

remeasured.
Specimen Original Final * Cogpression
Number Thickness, in. Thickness, in. . 3
{
1 1.250 1.230 1.6
2 \ 1.150 1.120 . 2.8
3 1.150 1.130 F 1.7
Average' - 2.0%

. water Absorption -

Water absorption was determined in accordance with ASTM 0-2127 except specimens wer
inmersed in distilled watef /at 4.35 psi for 48 hours.

Hatarzabsoprtion
Soecimen Cut Surfice Original Final 1bift" of cut
Number Area, ft Weight, q. height, q. surface area
i , : .
3 {:ﬂ.33 ' 9.55 17.87 .056
€ 0.34 10.60 20.82- .067
3 0.30 9.60 21.42 .076
Average - 0.066 1b/ft2

01) Recistance -

Four specimens measuring 1.129" x 11 thick (nominal) were immersed for 70 hours in
ASTH #2 refarence 0il at 70°F and 50% R.H. Four control specimens were held at /0
ana S0% R.H. for camparison after the test. After 70 hours, the specimens were re-
mGved from the oi1), the excess oil was blotted away, and the specimens were examine
lio evidence of saftening or visible degradation was detéacted.

Fire Resistance -

Specimen size was & x 2* x 6, Procedures outlined {n ASTH

Fire resistance of the foam was tested both before and after aging at 140%F and 100
R.H. for seven Qays,
0-1692 were followed for the test. Applied flame time for,all specimens was 60 sec:

00008%
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REPORT ©F'  TESTS :F POLYURETHANL FOAM |
Oate:  Jyune 3, 1977
LABORATORY No. 7-7280 page: O
Specimen L Zurn Burn
Number~ Time, sec. Length, in. Rate, in/sec. Remarks
jefore tonditioning:
1 130 4.0 .03 Self-extinquished
2 81 1.5 .02 Self-extinquished
3 60 0.5 .01 0id not ignite
4 60 0.5 .01 Did nat ignite
5 60 0.5 .01 01d not ignite
After conditioning: ‘
1 72 1.5 . Self-:xtinguished
2 60 1.0 .02 A 01d not 1gni
3 65 2.0 .03 Self-exti ngu.
4 70 2.3 .03 Self-exting.?
5 80 2.3 .03 Self-extinguished

All specimens either sel tinguished or did not ignite during the fire resistance
test.. Therefore, zhe material {s non-burning. Also, we observed no esidence aof
flaming droplets during the test.

r'd

i
KEMERYS:

We heredby certify that this polyurethane foam when produced under the abave canditiaons,
neet the specified requirements of Mil-P-219298 for Class | material.

TWIN CITY TESTING AND ENGINEERING
LABORATORY, INC.

Ward A Blandin, M.E.
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'INTERNATIONAL ‘ | '
TECHNOLOGY | |
CORPORATION , 0978 O
- T Snoul Date 6-2-8F  Subject K5 Elastomer Sheet No.__/_ of _ &
‘.(d. By—_ Date Proj. No. 3203/ /

Po\yurc.'}lam..g Elas toimer - Fomm Enteprises No. FE 7053

App\[c_.ac\m'o»\s- A sOM/IL /Aytr 7Lo be S/A//ec/ AN
outer edaes oF ri id Forrm. foO
seal Fthe Foam Fo the 570 wall.
[7/' /:f A-NvLI;:/.fv*ed 7‘/)/?-7" A !-«J/'c/?L}L JdF

a/frowma.%/c/ 24" will bpe Necessary.,

Total volume s rd % wid+h X }'\fijk'f“ /‘/
TEON R M X 05T = 34/9 55 in w237 )8 T a5

' App\[‘ca§-(bv-\ e - L{JQ.\\ON%PQ\' ~our MAX 601Lpu7"

- N gallons er 44 5@7me,~1+
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. YOAM ENTERPRISES, INC.

13630 Watertower Circle
TECHNICAL DATA SHEET FOR FB 7053 Minneapolis, MN 35441-3785
{612) 559-3266
(800) 328.3342
FE 7053 is a polyurethane elastamer system farmulated for spray application.
FE 7053 is designed for below ground application as ¢ secondary container
barrier for fuel spills. This barrier is intendsd as a amporary containment
after a fuel spill.

The ground area is first sprayed with the FE 502 foam system at a thickness of
1/2 to 3/4 inch. The FE 7093 is then applied over the FE 502 at a 1/8 to 3/16
inch theckness. . '

APPLICATION:

EQUIPMENT: Graco (Viscount II) variable ratio Hydra=Cat and/ Foam~Cat heater
with a 35:1 Senator (954-3517) resin puwp and a #2 Cylinder (20§-862) isocyanate
pum>. A Binks 43P spray qun modified with a dynamic shear mixer before the
0.029 spray tip is recammended. -

PUTR. - pres: Tet 1700-2520 psi with : prghea’ ;is*zgl hos- ‘:emperature range or
115-i. F. a.2 re.. .mended. A calibratc: weight fratio of 100 B camponent to 56

A camgonent is recuired.
PHYSIC@PROPERTIES ‘
1
TEST :

ASTM D-4060

» PROPERTY ' | | RESULTS
Density, pcf ' | lmmersion [ 40 - 50
Tensile, psi | AST™M D-412 | 200 = 400
Elongation, % | ASTM D-412 | 100 - 210
Tear Stre PLI | ASTM D=1004 ] 65 - 85
MVT, Perm | AsT™™M E~398 | 0.7% - 0.35
Hardness .| Shore A | 48 - 60
Scaling Redistance. 80 Cyles | ASTM C-672-?f) | "C", No Scaling
Abrasion Rosistance | |

Wear Index | | 0.20 - 0.26
Waight Loss (2) ! | 0.20 - 0,26
Wear Cycles/ il { | 135 - 145

Strips of FE 7053 were immersed in water and thirty weight oil (separately) for
six montha. The strips were evaluated as follows:

PROPERTY I TEST | RESULTS
Tensile, pai : [ ASTM 0~412 [ 200 - 400
Klongation, % | ASTM D-412 J 100 - 210
— weight Change, % | PETP #16 |
. Water l | +15 to +30
- Cil | | +7 to +9
(1) utilized an H-18 abrasion wheel, 100 gm. weignt and 1000 rpm. - ‘

(2) nNumber of cycles of abrasion required to wear a film through to the sub-
strate per mil (0.001 inches) or f£ilm thickness.
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ABSTRACT

Five nomographs have been prepared that facilitate the estimation of cover
inickness and cover matarial volume Tor the Uranium Mill Tailing Remedial

lction Prozram.  Yey carameters determined include the cover thickness with

inner 2 sy

b

rface radon Tlux or a boundary radon alr concentraticn critericn ond

-+ total volume of cover material reoguired for two different treatments of the

and reg-

-

zéze slopes. Also included in the engineering guide are descriptions &
~esentative values Ttor the radon source term, the diffusion coefficisnts and th

vey meteorological parameters. /4/’

2
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3 e 1. INTRODUCTION

The thickness and volume of cover material required for uranium mill tfeil-
ings reclemation are often determined by a radon flux or concentration criterion
«nich must be satisfied. The general approach used in estimating the required
tnickness and volume of 2 cover can be divided into two phases. First, the
craracteristic parameters of the tailings/cover system must be measured or esti-
mated. These include the radon diffusion coefficients, porosities and moistures
of the tailings and cover, and the radium content and emanating power of the

tailings. Second, the thickness of cover needed to achieve a pgeScribed racen
<4

Tlux 1

Vi

) N
determined by iteratively calculating radon fluxes for Mvarious cover

thicknesses until the thickness giving the prescri flux is found. Altorna-

(W

zively, an approximate expression can be used to chplculate the cover thickness

iraectly. With the cover thickness spef\fied and with detailed contour maps of

thie sire, the detailed cover configurafion can be defined and the cover materieal

Voo anes célculatad. ;:2

Quite often, cover thickness and volume estimates are needed rapiciy, and
M\

ine and resources are available to collect all of the pertinent

M

cie

n
i

h)
e
[«
-1,
~¥,
—
(]

Phal
ot

E

L

& anc pertérm the exercise described above. In these instances, a simple,

straigntforward procedure is needed that reguires a minimal amount of size-

-

-pecific data, yet is sufficiently accurate for conceptual planning purposes.
Such a procedure has been developed and 1s documented herein.

This guide 1s purposefully brief, to facilitate its use by a wide range of
personnel with varying backgrounds, training and experience. The procedure is
oresented in nomograph form with instructions and examples accompanying each

nomograoh. One important advantage to the nomograph format is the ease and

clarity with wnich the effects of variations of key parameters are shown. The

. 000096



xey parameteré needed for the nomograph are: 59 7 R

‘ . @ Tailings pile dimensions
» Radon diffusion coefficients
e Radon flux from the bare tailings
® Required flux from the covered tailings surface

o Desired side slope ratio

e Meteorological parameters
A later section contains information for estimating the diffusion coeffi-

cients, bare tailings flux and the meteorological parameters. The matheniatical

/T/

basis for the nomographs is contained in the appenhix.

2
® p

3
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2. PROCEDURES FOR ESTIMATING COVER MATERIAL THICKNESSES AND VOLUMES

2.1 COVER THICKNESS I

<.

The first nomograph, given in Figure 1, is used to calculate the thickness
0¢ cover material regquired to achiev: a specified reduction in surface radon
flux. Key parameters for this nomograph are the diffusion coefficient for the
cover, 0, and the ratios J/Jt and ac/at where J is the surface redon flux, J,

-

is the bare tailings flux and aC and a, are defined as:

("
i
Law]
—~
—
}
(ew]
~J
»
3
-
s

PC = cover material porosity .
m = fraction of ~>istur-e satur@tion fo - :9ver material

P, = tailings por 1

fraction of mdisture saturation for tailings

1ffusion coefficient for tailings
The required cover thickness, X is found by first determing the ratios
J/2, 202 _/a, ancd then referring to the nomograph in Figure 1. The value of
- o [&

ithe atio J/Jt 15 f0und on Column A and the value of ac/at on Column 5. These
two values should be connected with a straight line, and a value read from Cci-.
urn C at the intersection with the line. That same value is located on the
modified scale C' and a second line is drawn from that value on C' to the value
of D on Column B. The intersection of the resuiting line with Column £ gives"-

the cover :thickness, in units of either meters or feet. As an example of the

use of the nomograph, a system witn the following parameters is considered:

000098
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J, = 400 oCi/mes
3 = 20 pCi/mes
P, P, = 0.30
mooo= m, = J.30
C .
?
D = D, = 0.008 <n/s
C %

These values give a J/Jt of 0.05, located on Column A and ac/ct o
tocated on Column B. An intermediate parameter value of 1.l is read from
Zciumn C. The same value is located on the modified scale on Cg?;nm Lo T
value 1s then used with the diffusion coefficient of the cover, located on

oiunn D to obtain the cover thickness from ColumnlE. For this example tie

)

'

cuver thickness is about 1.8 m (3.9 ft).

An even simpler way to use the nopeQraph is to substitute *the valuye cf

v

oTo Tiroa_ja,y d.e., the aggantity P (1 - 0.74 m) ¢ assumed to be tne soo:

PRSI

Ir thz tailings and the dover. To account for the variations in the ratio of

=01 - T.74 mlAAer the cover to the tailings, the rule 0f thuui nmay oe uled

That the coveL/fhickness decreases by 0.1 m for every 0.2 decrease in tre ~3ticC.

,
o+
’

Cnox o, s

¢ taiiings <iffusion coefficient also has oniy a szcondary effect
in2t. &s an additional rule of thumb, X changes by C.1 m for every facior
INC Cnange in Dt' The direction of the change is determined from the foilowing:
i - is increased by a factor of 2, but Jt 1s unaffected by the change, then
X decreases by 0.1 m. On the other hand, if Jt is calculated from other para-
meters, one of these parameters being Dt’ then Jt also varies with 0, s0 that
the resulting effect is that X increases by 0.1 m for every factor of two in-

n

crease 1in D, - With these rules .f thumb, the cover thickness can be obtzined

000100



from the nomograph using a value of unity for the ratio a./a,, and then 59 ‘8
modifying x. accordingly. Ffor example, if D, equals 0.002 cmz/s instead of

0.003 as given above, and the vaiue for Jt is a measured value that does not
chenge, then the x_ of 1.8 m is increased by 0.2 m to a value of 2.0.m, because

the Dt is reduced by a factor of four. Furthermore, if PC were equal to 0.25
instead of 0.3, then the porosity ratio decreases by about 0.2, so that X is
dzcreased from 2.0 m to 1.9 m. If in the original example Jt were based upon

a calculated value instead of a measured value so that a change in D, affects

value of Jt’ then a reduction in Dt by a factor of four would yield a reduction

in the cover thickness of 0.2 m, from 1.8 m to 1.6 m.

2.z COVNER VILUME
nce the required cover thickness 1s known, e volume of the cover material
can 22 ez2sily obteined. As shown in Figure 2, it is assumed that the edges of

T tallings pile are contoured to cogfform to the slope criterion, 5, where S

-

-ra ngrizontal distanc rounit vertical rise of the sioped sidas. Tni.

Tw

rocecdure 15 less costly than using only clean cover material to estabiisn the

¥

Loned edgesfof)the oile.
he req®red cover material volume presumes a relatively flat surface, ‘s
independent of the shape of the pile, and 1s easily determined by considering

Tw0 components.

Vv =V + v 2
c 0 S (
where

.VC = total cover volume

vo = base cover volume

VS = cover material needed for side slopes

A 6 000104
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The base cover volume, the largest component, is the product of the cover

‘ thickness and the planar area of the pile, Ap

This volume is easily calculated or estimated from the nomograph in Fig-

ure 3. 7o use the nomograph, the cover thickness obtained from nomograph 1 is

4

located on Column A, the area of the pile is locaped on Column B and the base

volune is read from the intersection of the line on Column C. For example, i

the cover thickness is 2 m and the pile area 1s 2.5 x lO5 midffhen VO s
5A x 107 "‘3 | §

The determination of VS requires a knowled?e/of the pile perinieter, P, and
the slope criterion, S, in addition to the coveF/;hickness. [t is obtained

‘ using the nomograph in Figure 4. qu\h’\se the nomograph, the cover thickness is

tocated on Column A and the value ¢f the pile perimeter is located on Column 2.
| | e .
An intermediate value g ocated on Column C and is used, along with the value
i

-f 5 on Column D, to form a line which intersects Column £ at the correct value
\ .

0% V.. For exampie, assume Xe = 2.0 m, P equals 2000m and S equals 5. First

locate x_ on Column A and P on Column B. The intersection of the line between
the two ocints with Column C is the start of a new line drawn to the number =
on Column D. The intersection of that line with Column E ylelds the value of

8 x 104 4 for Vs‘ For this example, VS is about 16 percent of Vo’ so that VC

The nomograph in ?ﬁgure 4 assumes that the ratio of the tailings thickness

ta the cover thickness is three. The VS can be modified for other ratios of

‘ x./%_ using the nomograph in Figure 5. The value of VS from Figure 4 1s lccated

sr, column A, and the ratio of xt/xC is located on Column B. The intersection of

g 000103
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the line connecting these two points with Column C gives V;, the corrected vaiue cf

‘ V.. For example, if the ratio of the tailings to cover thickness were 4:1 in

the crevious example, then the vaiue of 8 x 104 is located on Column A. &

"

line connects this point and the value of 4 located on Column B. A value of

L x 10° @° for the modified 4! is found from the intersection of the line with

Column

The no&ograph in Figure 5 c2n also be used to obtain v; for the case in
wnich the tailings are not recontoured with a slope S, but in which only the
cover matarial is used to form the side slopes. For this case the VS as obtained

from Figure 4 is located on Column A and the ratio xt/xC is agE}p located on

rd
~

olumn . The intarsaction of the resulting line with Column Of yieids the appro-
i _

oriate value for ¥'. In the previous example a val of 8 x 104 m> was obtained

for VS irom rigure 4. I{ the sloping sides are f??aed only with the cover ma-

e \
< 107 m7, which is &s large as Jo

te-ial and if x,./x_ s equal to four, ¥Qen the appropriate value for vg s
"lll’ | s

it shouid be noted tﬁi? the volumes determined above are in-place volumes
i
it the desired density. Usually, densities of earthen material as 1ceded cr

& trucs are &t Jeast Z5 percent less than the desired in-place density. This

should be conSidered wnen estimating cover material costs and volumes.

2.3 RADON COMCENTRATION AT SITE BOUNDARIES

[t is desirable for some applications to be able to estimate the radon con-
centrationtat a site boundary that would occur after the implementation of &
particuiar remedial action. Since the value of the concentration is partially

'deoéndent upon the surface radon flux, a fe]ationship can be derived that re-

1

1ate

[¢¥
v

the annual average flux, J, and the annual average boundary concentratign,

‘ €. Using this relationship, a surface radon flux can also be estimated from a

12
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.
specified boundary radon concentration, and then the revious nomographs can be
used to estimate the required volumes for the cover material. However, the

z¢aitional uncertainties in modeling the topograpny and micrometeorology at

the annual average radon concentration at the boundary.

The key parameters neaded to reiate the annual average flux to the radon
concentration at the boundary are the following:

A3 = area of the piie

Pf = perimeter of fence boundéry /{/

2 = awmospheric stability factor %

u = mean wind velocity 1n the direction fr?w/the pile to the boundzary

location Y
f = four sector (900) wind frequency in thé direction from the pila

to the bouncary location /\\

‘ Y . : L
ine bOunda;y<per1meter Pf 1s evaluated by first determining tie
e between the pile edge and boundary location at which the radon corn-

czntr@ztion sl deSired, then caiculating the perimeter length for a bouncar, thz

o . . :
zime snate as tne pile perimeter and a distance x. from the pilé€ edge. for
. i

square piie of length L, P, is equal to a(L + fo). For a circular piie of

~

ragius R, it 1s equal to 2n(R + xf). For most problems of interest, ?

2qual to the pile perimeter P with negligible loss of accuracy.

-t

se
The atmospheric stability factor A is related to the vertical atmospheric

adispersion parameter, o averaged over a portion of the pile length. The

values ¢f A are given in Table 1. If site specific stability data are not

¥nown, &n annuai average stability ciass of D can be assumed.

060:
13 G0ipg



TABLE 1
VALUES OF THE ATMOSPHERIC STABILITY FACTOR

Stability Class A(m)

3.85
2.32
1.58
1.00
0.60
0.30

MM OO >

he frequency 7 is obtained from a standard windrose. [t is the maximum

. [o} ~ . - . . . - N
fayr-sectar (907) sum of wind freguencies applicable to the 'site.

I

The ratio C/J is obtained using the nomograph in Figure 6. Ffirst, the

meszoroiccical paramezers (Au/f) are determined. F;; product (Au/T) is located

iw

- i importapd to include the effects of calm weather in the windrose. Thi

n

(20

<o

and a line 15 drawn from this point to the value of PF located c¢n

-+

~2 intersection of this 1i ith Column C is the starting point for
e through the g}kg area located on Column D to Column £. The inter-

the second ling with Column £ gives the value of C/J. Cne of these

seters cap~then be readily obtained given a value for the other paramete:r.

v

w

mplished by dividing the frequency for calms equally among ell sec-

1orT and assuming a windspeed of 0.7 m/s for it. [f average velocitics are

given for each sector, then the average u for the correlation is obtained from

where

-t

c |

i
“h| s
[\/] S
Cl -
4>

i
i=1
velocity for sector i
wind frequency for sector i .

' 14 000109
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Furthermore, if the windrose is given as a function of stability class

2y
\ Ay
then the (%r) is obtained from
f 2 fij
_... — . /,—\.
SYURD DD DI v ‘s
.= J 1]
jorEl .
.1(‘.9"‘3

f1, win.: requency for sector 1 and stability class

diio T wind velocity for sector i and stavility class j.
J

AJ = stability factor for class j.

£ A"

Jse o7 the nomograph in Figure © is illustrated by an example caicuieticn
H
- . . -~ v . - - . , - . ~ [‘w
for the Yitro {Salt Lake City) site. The windrose data for Sait Lake City,'~
Jiven 10 5 c.

asle 2, yields an © value ¢ 0.34%, avs rﬁéd over tne ESE, SI, SS

in¢ S c2273rs, and an average velocity of 3.7 m/s (8.3 mi/hr). For lack of morg

Setailed Cormation, a 0 ostabilicy c%ﬁd%&ion 1+ agssumed so that A has the vaiud
5 om. The 2ffact of 1inc ing the calms was to reduce the average veiccic

fpct 4.3 m/s to 3.7 mfs. Combining these parameters yields a vaiue ¢f 6.2 for
L ;:napfgerclnent parameters for this s "¢ are: A_ 2quais & x 105 mz

t
R ‘gz P equals 2.6 x 107 m. The value 6.8 is located ¢n Ceiunn
. . ‘ . 3 A .
and a line is connec:ed from it to-the value 2.5 x 107 m on Column B. £ new
~en drawn from the point of intersection with Column C through the 130

zcre point en'Coluinn C to the 0.025 point on Column E. Thus C/J equais 0.0z3.

is 20 DCi/mzs, trzn € is 0.5 pCi/1 at the maximal location on the boundary.

-

[f an isotropic windrose is assumed, then (Au/f) becomes 14.8, C/J is 0.0G77
and C is 0.15 pCi/1. This value is more representative of the average boundary
concentration around tne pile.

The nomograph given in figure 6 is formulated so that either C or J can be

15 000110
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readily obtained, given the other parameter. This n.mograph can also be used
with the others to obtain cover material volumes. If a limiting boundary con- ‘
centration is the criterion, then the necessary surface flux J can te obtained
from the nomograph in Figure 6 and used in the nomc: :ph in Figure 1 to obtain

the cover thickness.

TABLE 2

WIND DATA FOR SALT LAKE CITY
(Cumulative 1951-1960)

Frequency Averagefgéeed
Cirection () Lni/ir)
' 6.9 ~ 7.9
NNE 2.4 v 7.8
i€ 2.3 : 6.2
TNE 0/8\ 5.9 .
: < 6.7
D€ e 3.6 2.2
S 2 17.4 8.9
$SE 18.9 10.4
s 13.5 11.3
S 2.6 9.7
SW 2.5 6.5
wSH 1.2 6.9
W 3.1 7.4
AW 3.8 3.8
MW 7.8 3.8
NNW 6.5 9.0
Tam 5.4 -
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—
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—
—
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o
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SUPPORTING DATA FOR KEY PARAMETERS
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There are three key parameters used in the nomographs that warrant further

discussicn, particularly with regards to methods to estimate their

secticn contains a discussion of values for these parameters.

3.1 DIFFUSION COEFFICIENT

m, represented by Jt, and the meteorological parameter (

ar sites,

These parameters are the diffusion coefficient,

2iffusion coefficients for radon have been measured in a wig

value for

tailings

his

H

variety of

; .
zzr<nen materials under several research projects at Rogers and Associates aver

ot
T
D

Jast t

t
oy
D

[va)

(@]

e
e

years.

The measurements have generall
suitabiiity of the materials as tailings covers.

n coefficients was recently assemble

Jremants and was used to evaluate the

“ion coefiicients of eart

[N

N

ctr

and ocrther soil

e

L/

n molsturefand compaction.
Wi

materials.

ranges and typical

een aimed at determining
A data base of radon c¢iffu-
from the results of the various meas-
values of giffu-
The data base inciudes the dry dencizies

~oisture contents of the soils and thus allows examination of variations

the diffusion data 1n the data base has been previously reportes in

topical and technical progress reports.

soils

(2)

parameters.

One set of data on e:gunt
also inciudes sieve analyses, water draihage charactsristics,

Although these are not generally available for most

of the other soils, several of the eight well-characterized soils are also used

in later studies on the effects of moisture on-diffusion coefficients

comparing time-denendent and steady-state measurement techniques.

anc in

Measurzments

L . . . s 5
under ambient field moisture and compaction conditions are also reported.( )

000113



The results of 103 radon diffusion coefficient measurements on the various
soils are illustrated by the craph in Figure 7. The data were mostly measurec
by the time-dependent technique, but also inciuded thirteen steady-state measure-
ments. As illustrated, the diffusion coefficients are relatively constant at
dryness, averaging 2.061 2 0.006 cmz/s for the seven dry soils tested. increas-
ing moisture causes lower diffusion coefficients, as has bee oJrevioucly ot-

served!8719) ., (19)

and predicted from a diffusion mode
Considerable scatter in the data is noted in Figure 7. This is a resuit of
several variables, including uncertaint: in the diffusion coefficient measuremzn
uncertainty in the degree of moisture saturation, and variation#fh key soil
parameters such as total porosity, pore size distribution, tortdosity or grain
shape factors, and homogeneity of the soil sample. t was shown by a random pore

combination mocdel for radon diffusion that trns soif pore size distribution can

eccount for very iarge variations in the\moisture dependence of diffusion cceffj

‘s \
0
v T

Tnis modei predicts smalllvariaticns among different soils due tu
tortucsity differences at ézzness (m = 0) and .aturation (m = 1), but one g
4G order-of-magnitude varhations af intermediate moistures.

A]thcughgt@ variation in diffusion coefficients at intermediate moistures
can e 1arge1; attributed to varying pore size distributicns, the variation at
high nioistures {m = 0.9-1.0) cannot. Instead, this variation resu}ts from the
very steen variation in diffusion coefficients with moisture as m approaches
unity. This causes large apparent errors in diffusion coefficients to reziit from
relatively small errors in sample moisture content, density, or specific gravity
estimates from which the saturation, m, 15 estimated. The diffusion model pre-
dicts an even steeper slgpe for this region than is shown in Figure 7, suggesting
two-order-of-magnitude variations in diffusion coefficient in changing m ?rOm

(10)

0.95 to 1.0 for a reiatively well-graded soil. The large variation near sat

ration in the figure is therefore attributed to uncertainties in the degree of

& 19 000114
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FIGURE.7. COMPARISON OF MEASURED RADON DIFFUSION COEFFICIENTS WITH A SIMPLE
CORRELATION FUNCTION ASSUMING DIFFERENT POROSITIES.
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moisture saturation of the soil samples.

A bias is noted in comparing the diffusion coefficients at saturation in

Figure 7 with the expected value of 6 x 10.6 cmz/s. This is due to difficulty

in compietely saturating a sample, and also to truncation of the lower part of

the distribution of these coefficients. The truncation occurs because diffusion

2
U -5 2 : . - L
coefficients of ~10 ci”/s require about seven days for detection of the radon

A :
qe3 front(’) and measurements were often terminated before this time. Althcugn

.. . -5 2 . . . .
ypper l1imits such as <19 cm /s were estimated from the termination time, these

values were not incluced in the data base.

A

A correlation of the data with moisture and porosity was Barformed based

upon insights gained from appliying the diffusion coefficient model. An analysis

of the tortuosity equations(lo) in the model and a_r€asonable correlation between

porosity and widths of the pore size distributions|indicated that the porosity

(@]
o
2]

juld renresent the effects of tortuosi and distribution widths. Although a

cocsd correlation was cbtained between fthe diffusion coefficients and the setura-

tion deta, as indicated 1m,£{gure 7, the soil porosities did not correlate as

well as expected. CSxamination of the data reveals no compelling trend of the

¢ wiih DpOrpsiyties; tnat 15, porosities both higher and lower than the aver:zge
N . . o .

Ccur both above and teiow the correlation curve in Figure 7 using the average

it is expected that high porosities may generally correlate with higher
diffusion coefficients at a given degree of moisture saturation. This is cue to
their generally less-tortucus diffusion pathway, and also to the higner pordsities
“usually associated with narrow pore-size and grain-size distributions. In the
oresent data set, many soils were analyzed at densities well below the standard
Proctor density, however, and the expected relationship between porosity and

¢istribution widths may be less pronounced.

2l 000116
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Several trial functions were compared with the data in Figure 7, and the

g’ correlation function chosen to represent that data was

D= 0.106 exp [-3.9(m - P%m® + m) ] , 5
where
9 = radon diffusion coefficient of the soil pore space (cmz/s)
m = fractional moisture saturation (m>0.1)
P = soil porosity

This function was chosen over others because it had the ‘nowes{geometric stan-
card deviation from the data, 2.5. [t was noted that' several other functions
with different porosity terms also had a geometri tandard deviation whicn was
nearly as low as 2.5, thus suggesting that the degree of porosity dependence of

. <r= function is not highly .important. e three Hﬁes plotted in Figure 7

' renresent the mean porosity~for the data set and 1ts 20 confidence interval.
The remaining variation rgexplamed by this function is atiributed to <gi!
oroperties s;rfh) as pore distribution widths which are not as readily available

f

“rom engineeriMdg parameters.

!

!

For comparison with two previous diffusion coefficient correlations, '

(@)}

ey

Tn2 present data set was also analyzed with respect to the earlier eguaticns anc
fcund to exhidit higher geometric standard deviations. New fitting parameters

)

were estimated from the present data for the correlation

0 =a[p(1-m]®+6.6 x 1000 | (

i-m

~t
~—

For the best fit of the present data set, a changed from 0.74 to 0.359 and
‘ b changed from 1.16 to 2.32. The geometric standard deviation from the present

data set using these parameters was 3.7.

2 00011%



Equation (6) has_a similar form to the other previous correlation of dif-

fusion coefficients with moisture, preserving an exponential decrease with moi.

ture\lo)

0.106 crl

from the maximum value for the diffusion coefficient of radon in air,

/s. Because of tortuosity in the soils, this value is not reached even

“at dryness, however, so the function is truncated and held constant at

T, where
contains
moisture
blockage

sion.

Becaysz ~f the data limitations near saturation, ngéiion

valid over the range 0.1<m<0.95, even though the f

Oniy the constant 3.9 in equation (6) was varied in the

2

cm- /s for m<0.1. The exponential argument 1S a simple power series in

the first term defines the general downward slope. The squared term
the porosity influe~ce and also causes a more gradual decrease with

in the pore fillir.> region. The cubic term accounts for major pore

near saturation and causes the more rapid decreases ngjdéd in thic re-
itting process.

{6) is considered

t to the data set extended

over the range 0°m-1.

Pl

For most earthen materials a value of 2.7 g/cm3

3.2

vation (%) can also be expresseé in a form containing standard engireering

of ths cover ma ial, specifically, the bulk dehsity d, the moisture

cn a2 dry weight percent basis, M, and the specific gravity of the mater-

in thesp terms equation (6) becomes

can be used for G.

SOURCE TERM

The source term used in the evaluations 1s eapressed as the bare tailings

flux, J

¢

It can be calculated from the fo]]owihg expression:

e /i
¢ = L2TRAENAD, tanh \[5 X,

J, =
t

—
O
~—
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“where

0
1

m™m
1}

>
"

emanation coefficient

radium content of the tailings (pCi/g)

radon decay constant (2.1 x 1078 sec'l)

5978

An alternate way to obtain an estimate of Jt is from direct measurements on

the bare piles. Some of the available experimental data for Jt on representative

CUMTRAP sites<1) is summarized in Table 3.

TABLE 3

RADON FLUX DATA FOR REPRESENTATIVE UMTRAP SITES

Site

Ambrosia Lake
Canonsburg
Jurango

Grand Junction

Sreen River

Gunnison
Haybe]](/>
Hat

Mexican
Monument Valley
New Rifle

0ld Rifle
Riverton

Salt Lake City
Shinrock

Tuba City

8

p

24

Avepate Flux (pCi/m’s)

/1”

2

120
70
225

550
95

150
125
400

20
270

700

65
250
110
180

0001195
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.3 METEQRCLOGY DATA

The meteorological information needed for the nomograph in Figure 6 ' .

consists of the wind frequency in the maximal 90° sector, the associated winc-
speed, u and the stability class. For lack of'further information an annual

average stadbility class of D can be assumed so that tne factor A becomes 1.0 m.
Representative values for f and u for some of the UMTRAP sites<1) are tabulated

in Table 4.

TABLE 4

METEOROLOGICAL DATA FOR SOME UMTRAP SITES

Site f U{M/S)/W/’ u/f

Ambrosia Lake 0.35 2.6) 10.3
Canonsburg 0.57 F 1.8 2.2
Ourango 0.50 3.6 7.1
Grand Junction 0.46 4.8 10.4
Green River ' /£>\O.29 1.9 6.6
aunnison F:z 0.24 3.9 16.1
Maybell _ 0.45 2.7 5.9
MonumenP/V?lley 0.26 1.2 $.5
Rifle V/ 0.35 1.0 2.9
Riverton 0.48 3.1 6.5
Salt Lake City 0.55 3.7 6.7
Shiprock : 0.36 2.7 7.7
000120
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APPENDIX

MATHEMATICAL BASIS FOR NOMOGRAPHS

A1 COVEZ THICKNESS

The nomogrash for estimating cover thicknesses, given in Figure 1, is tased
caa s . . {11 12)
udon the exact diffusion theory solution to the two-region proglem.'~*'"° Tne
surface Tlux 1s given by,
- X
. bc o
2\4?_ e ! _v )
Jix_ ) = - - e
- ( at -b Xc
+ - —
Ll Pye/a, tanh box |+ 1 5[ tanh box, e,ff
C :
where C:T
: !
5, = \"/“1 i =cort)
i -
2 ro, | 2 P\
= D° 1 . iy !
2, = D] L. {1-%) mij ;/ﬂ
|
X = §.74
"’/.-’)
N
The value of X. for a specified flux can be obtained by rearranging this
cquaticn, assuming the tailings are more than 2m thick and aporoximating
et .
exD{-D x_; by (j/J‘)Z. The ‘result is
C o "
) 24./J
- . _C L .-
X . 5 1"1 {—\-;_,
o V A . 2
(1 + + {1 - fa,/a )(J/d
(1 \(at/ac) (1 S (3734)
%)
-~/

Equation (A-2) is plotted in the nomograph using standard technigues.'®

=
26 - 000121
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A.2 MATERIAL VOLUMES

The nomographs for material volumes are based upon standard geometric ex-
pressions. It is assumed that the tailings pile edges are contoured before the
pile is covered. This contouring is as wed to consist only of slc:ing the
edges of the pile to conform to the siope criterion S, as shown in Figure 2.
Two cases z2re considered: a rectangular pile and a circular pile, however, the

resuiting expressions are indep:ndent of pile ~ape.

Rectanquler Tailings Pile

A rectangular pile with initial length, width, and thickness, L, W, and X,

1s contoured Lty sloping the sides of the pile to a slope ratio, $. The cover
material i1s then added to a vertical depth, X The total volume of tailings

and cover 1s

fa A . I 2 / 3 - -~
t‘,u_n-SXt}\Xt"‘XC)+(L+W-2Xt))(£t+xc) S + —3-'\xt+xc) SZ (A-3
)
2

Tre volume of tailings is LWx

!
v

= 1L-Sx,)

so the volume of cover material s

t
e

¢ = vetin, = FL S(W+L --ZSZJ +(LHH-2x,5) (xC +
o= V- Nxt’— L_ -X, FL) o+ Xy Xe L+W- Xy )(xC ZxCxt)S +

& 2,3, y2 2 fA_a

3 S (Xc‘3”cxt+3xcxt) (A-&)
i + 3 = ! = _=
Letting VO LAxC Apxc (A-5)
and

. 2 2.2 2.2 4 2.3 .
= S/ +} + - £ -1

VS St M)(xc+xcxt + S XXy 2S Xo Xy + 3 S X (A-8)

we obtain _ ‘

060122
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In general, the first term on the right-hand side of equation (A-8) domin-

ates so that it may be written as

B 2 .
Vo= = SPXT {1+ x. /x (L0
s 2 c ' ¢/ c) Sty
If it is assumed that Xy = 3xc, then equation (A-8) becomes
Vo= 25Px 2 | / {£-3)
bt C A fREry

A

fquation {(A-5) is the basis of the nomographfff'Figure 3 and equation
(A-3) is the basis cf the nomograph in Figure 4.

~ circular tailings pile yields ;éé\same expressions for VO and V. ac
2
Slven in ecuations (A-5) and {(A-3). he tailings pile of initial radiuc X anc
“nickness X 1S contoured that the sides are characterized by a slope razic

S. With a cover of thickness X, added the total volume of tailings and cover is

c L c 2 4 (n-10)
Subtracting the tailings volume, nR2 Xy gives a cover volume
) X X X
U= ARl k) I:R-ch + 5%(x2 -y Tt)} (A-11}
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a form identical to equation (A-8, ,F:f
fquations (A-8) and (A-9) can be}gﬁgbined sOo that themore general express
for v (call it V;) can be expressed fn terms of the VS given in eguation (A-
y' = \’
/S VS (1 + Xt/xc’/g

P

H s

This expression is the basis for the nomograph in Figure 5.

If cover material 1s used for the side slopes, and the tailings are no:

cornizoured at the edges, more material is needed than for the above case.

The
material needed for the side slopes is easily determined to be

w2 1 2 2
Ve =3 SPxC (1 + Xt/xc)

b

or, in terms of equation (A-9)

000124
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This equation is the basis for Column D in Figure 5.

A.3 20UNDARY RADON CONCENTRATION

Relating the surface radon flux to a boundary concentration requires detziled
guantification of the site micrometeorology, topology, tailings sizé, etc. CEven
standard Gaussian Plume techniques for area sources have shortcomings because of
source cqnfiguration approximafions and because the pertinent/f};tances are less
tnan “ne range of applicability of the dispersion coefficients.' Furthernore,
limitations of nomographic techniques impose seve;s/reétrictions bn the compiexity
57 <he mechanism being represented. Therefore, a(fé]ative]y simple mass balance
.aporoach was used for the nomograph in £igure 6. Comparison of the results with
exnariment and with calculations usin DAD-III(ld) and MILDOSE(IS) computer
mocels, vis2lds uncertain ; that are comparable to the more complex calculat{ons,
irst, 2 maximun scepario is modeled in which the wind always blows across
trz length o?’a rectangular tailings pile and the boundary is at the edce of the

ile. Z:uatiﬂé the radon production rate witn the radon loss rate past the edge

2 tne pite yields

JLU = C uH _ {A-13)

where
J = surface flux
L = length of pile
C = radon concentration at pile edge

000125
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=
[

windspeed

o -
1]

effective mixing height or vertical dispersion coefficient ‘

Rearranging equation (A-18) gives

Next, an irreqular shaped pile and an isotropic windrose is considered. The

rate balance yields

where : F:f

A area ot the pile

5
P boundary perimeter P ‘

1f a nonisotropic wiEdr;se is considered, equation (A-20) becomes

i

o 16 f A
i 20 = D (A-21)
v nP.ud tnes
f
where
n = number of sectors contributing radon to the specific
boundary point
f = wind frequency summed over n sectars
16 = total number of sectors

The appropriate value for n can be estimated by considering the maximal ca'

for a square pile and one-directional wind. For this case, equation (A-21)

31
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becomes

]
3|

¢/d =

| af
uH

0978

(A-22)

The characteristic vertical mixing height, H is estimated from the vertical

dispersion coefficient, o_, used in Gaussian Plume calculations.

The Briggs formulation(ls) for o is integrated to obtain an average of the

inverse of g, over a distance L.

IS

by

This is denoted by 82

and can be approximated

A value

of 250 m for L was seiected as representative, and the corresponding value for .

o was set equal to H. Thus,

= 408

‘
il

fquation (A-23) becomes

where

A = 1C8B.

——~
Jo
|
~no
w
~—
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Values of A are given in Table 1.

Equation (A-25) is the basis of the nomograph in Figure 6. .

000128
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ANALYSIS OF THE IMPACT OF VARIOUS SANDS
AND THICKNESSES ON RADON ATTENUATION AND
GAMMA SHIELDING ON THE K-65 SILOS

by:
Gary S. Mihalavich
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ANALYSTS OF THE INPACT OF VARIOUS SANDS S9%78

AND THICKMESSES ON RADON ATTENUATION AND
QUG SHIELDING ON THE K-55 SILOS

by: Gary §. Mhalavich

TASK- A task was definaed to deterwine the effects of various sand types and
thicknesses on the K-65 silo relative to radon attenuation end gamma

shielding. The task was to determine using various thicknesses and types of
sand the optimum cover that could be achigved.

METHOD- The mathod that was used invelvas the use of various computer codes,
types and thicknassas of sands. A saries of computations using the computer
programs was to be complated based on input data frem previous work, data
obtained from sand vaencors, and input generated from in-house calculations.

The rasults of this data would then be graphically plotted to provida raesults
af the data in 31 logical and visual form.

COMPUTER CODES- The computer codes that ware usad for calculation of the
attanuation and shielding are: 1) "Radiation Attenuation Effectiveness and
Covaer Optimization with Moisture Effects” RAECOM. (Raf.. 1); and 2) "A
Combinatorial Geometry Version of QAD-P5A, A Point Kermel Code System for
Neutron and Gemma-Ray Shielding Calculation Using the GP Build-Up Factor®
QAD-CG&P, (Ref. 2). The computer program that was used for datermination of
the statistical validity of the data was "A Propristury Statistical and Data
Base Management System, STAT-PRO, (Ref. 3). The-computer programs that were
used for compilation of the data and plotting of the results were "Lotus
Oevelopment Company, LOTUS 123° LOTUS 123, (Ref. 4) and "Lotus Freelance
Plus*, FREELANCE, (Ref. 5). All codes and programs were either initially run

against known 1nputs or outputs, or.have been previously approved for use
without this regquiremant, 7

INPUT DATA- The foliowing sets of input data were used. They are providad in
tabulated farm for information,

INPUT DATA FOR RADON ATTENUATION CALCULATIONS (Raf. 6)

Radium Content 2 x 10° pCi/g

Density 1.6 grams/ca’

Emanating Power 0.2

Porosity 0.3

IMPUT DATA FOR_GAMMA SHIELDING CALCULATICNS (Ref. 7)

Gamma Surface K-65 813 mresyhr.

Calculated Radium 3,211 Curries/both

Page 1
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INPAT DATA 3R SAND MATERIALS (Ref. 8)
Masonry Sind Portland Cement Sand  Coarse Bituminqus Sand

Moisture % 15% 12% %
Distribution by Siave Size:
f 04 99% 9% 9%
¢ 08 99% 99% 88%
¢ 16 93% .77 3 66%
$ 30 0% = k7 ]
$ 40 76% 44% 2%
# 50 43% ¥~ "%
# 70 22% : 112 5%
#100 12% 4% 2%
#200 6% 2% 1%
Porosity 38% KYy 3 34%
OUTPUT DAJA-
Output Data for Gamma Shielding A
Masonry Sand Lo .BEent Sand  Coarse Situminous Sand
Distance From Source (all readings in mrem/hr) ’,
Surface 313 613 813
1 foot 428 430 430
2 feet 312 318 314
3 feet 208 243 234
4 feet 152 181 198

5 faet 106 . 152 168

Output Data for Radon Attenuation

Masonry Sand Bortland Cement S3nd  Coarse Bituminoys Sand
Distance From Source (all readings 1n pCi/mé/sec)

Surface 70 70 70
1 foot 82 83 68
2 feet 51 3 85
3 feet 32 37 42
4 feet Zz 17 r-]
3 feat 9 3 8

(NOTE) The output data was inputted and run through a statistical validation
program to determi~~» if the data was representative and if any ancualies
existed, The resy - of th:~se calculations indicated that the do  was
statistically valic i that .:e correlations wera withir the 96% confidence

-Tevel. The data was chen plotied against a standard linear regression analysis

to produce a smooth curve. This assisted in 3nalysis of the data. (Ses
References # 3, #4, and #5)

Page 2
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The output data indicates that in radon attanuation and gamma shielding the
use of the Masonry Sand produces the optimum results with the minimus amount
of matertal. four fest of Mascnry Sand effectively eliminates all measursble
radon emissions to the environment and produces a 75% reduction in gamma. This
reduction in gamma could significantly reduce the skyshine from these two
sourcas and resylt in a reduced off-site and on-site population dJose.

The same amount (four feat) of Portland Cement Sand resuits in a 75% reduction
in radon emissions and a 70% reduction in gaama. The Coarse Bituminous Sand,

when filled to four feet, only produces a 62% reduction in radon amissions and
a 65% reduction in gamma.

Tha detarminztion of which type of sand to use would indicate that using the
Masonry Sand would achieve the maximum reduction for the least amount of
material. Since large quantitias of sand will be required it is logical to
assume that the cost differential batweem the varicus sands would nat be

significant. The savings in radon emissions and gamma dose to the populatien
would appear to more than justify difference in cost.

The data is represented graphically on Attachment 1 and Attachment 2.

Page 3

000135



.
REEES

N TN W

 an A

Ref.

Ref.

Ref.

Ref.
Ref.

Ref.

Ref.

Ref.

ctor® DAD-CGGP.

"A Prosrietary St

Devalopad by the Massachusetts Institute of C
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ogers, et.al by Rodgers and Associatas Engineering ¢

September 1984, ISBN # 0-534-02831-4.

Lot v ]

Lot&s Development Corporation, Cambridg
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Nielson and V.C. Rogers,
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Date: 07/15/88
Revision: O
Page 1 of 30

APPENDIX D - ALARA CALCULATIONS
1.0 ASSUMPTIONS ‘
1. Silos 1 and 2 contain:

« 7222 cubic yards of wet residue
« 11,200 kg uranium or 3.73 curies of U-238
"« 3593 curies of Ra-226 at 311 mg Ra-226/ton residue
. The total curie content of both silos is distributed equally
between Silos 1 and 2.

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. Each silo is evacuated within 10 hours before start
of work, and work is finished before 50 hours have elapsed since
evacuation was completed.

3. Density of Silos ' and 2 material (119 pounds/ft3 or 1.9 g/cc).

4. Average silo dome dose equivalent at the end of evacuation is 72
mrem/hr. 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,"

dated December 1987

5. Dose rate calculations were made using Microshield, "A Program for ‘
Analyzing Gamma Radiation Shielding," Version 3, Grove :nglneerlng,
Inc., Washington Grove, Maryland.

060140
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Date: 07/15/88

Revision: O 59 7 8

Page 2 of 30
2.0 ALARA REVIEW SUMMARY
‘ : STYROFOAM PEANUT COMPLETE FILL

1. Valving on radon system (2 X 15 min X 72 mR/hr)Az 36 mrem
2. Removal of two manholes (2 X 30 min X 72 mR/hr) = 72 mrem
3. Piping up Airvey line (2 X 30 min X 72 mR/hr) = 72 mrem
4. Fill check after each load (1 X 20 min X 69.2 mR/hr) = 23.1 mrem
5. Truck unloading (2 X 20 hré X 0.4 mR/hr) = 16 mrem
6. Removal of Airvey lines and replace manholes

(2 X 45 min X 66.3 mR/hr) = 99.4 mrem

Subtotal ) 318.5 mrem

'Support personnel (11 X 20 hrs X 0.4 mR/hr) ) 88 mrem

406.5 mrem
X 2 silos

Total 8132 mrem

3cstimated total exposure obtained to attentuate gamma radiation from an
average 72 mR/hr down to 66.3 mR/hr with inefficient radon attenuation.

0060141
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Revision: O
Page 3 of 30

3.0 ALARA REVIEW SUMMARY

VERMICULITE COMPLETE FILL ‘

1. Valving on rgdon system (2 ¥ 15 min X 72 mR/hr) = 36 mrem
2. Removal c: four manholes (2 X 60 min X 72 mR/hr) = 144 mrem
3. Conveyor/equipment setup (2 X 60 min X 72 mR/hr) = 144 mrem
4, Fill check (1 X 20 min X UM;H mR/hr) = ' 14.8 mrem
5. Material unloading (i X 475 hrs X 0.4 mi/hr) = 190 mrem
6. Conveyor removal/replace manholes '
' (2 X 60 min X 16.7 mR/hr) = 33.4 mrem
Subtotal 562.2 mrem
Support personnel (11 X 20 hrs X 0.4 mR/hr) 88 mrem

650.2 mrem
X 2 silos

| .

3Estimated total exposure obtained to attentuate gamma radiation from an
average 72 mR/hr down to 16.7 mR/hr with incomplete radon attenuation.

Total 1300.42 mrem

060142
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4.0 ALARA REVIEW SUMMARY

. SAND (FOUR FEET)

1. alving on radon system (2 X 15 min X 72 mR/hr) = 36 mrem
2. Removal of three manholes (2 X 45 min X 72 mR/ﬁr) = 108 mrem
3. Conveyors/equipment setup (2 X 60 min X 72 mR/hr) = 144 mrem
4, Fill check (1 X 20 min X 1.4 mR/hr) = : 0.5 mrem
5'. Material unloading (1 X 16 hrs X 0.4 mR/hr) = 6.4 mrem
6. Conveyor removal/replace manholes
(2 X 60 min X 0.005 mR/hr) = 0.01 mrem
Subtotal ‘ ' 294.91 mrem
Support personnel (11 X 20 hrs X 0.4 mR/hr) ' 88 mrem
382.9 mrem
X 2 silos

Total 766.62 mrem

dgstimated 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. '

ENG14304PC 060143
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5.0 ALARA REVIEW SUMMARY
FLY ASH (FOUR FEET)

1. Yalving on radon system (2 X 15 min X 72 mR/hr) =

2. Removal of four manholes (2 X 60 min X 72 mR/hr)

3. Conveyor/equipment setup (2 X 60 min X 72 mR/hr)
4. Fill check (1 X 20 min X 8.0 mR/hr) =
5. Material unloading (1 X 16 hrs X 0.4 mR/hr) =

6. Conveyor removal/replace manholes
(2 X 60 min X 0.73 mR/hr) =

Subtotal
Support personnel (11 X 20 hrs X 0.4 mR/hr)

422.6 mrem

Total 8U45.22 mrem

Date: 07/15/88

Revision: 0O
Page 5 of 30

36
144
144
2.7
6.4

1.5

mrem

mrem

mrem

mrem

mrem

1.5 mrem

334.6
88

mrem

mrem

X 2 silos

dFscimated total exposure obtained to attentuate gamma radiation from an
average 72 mR/hr down to 0.73 mR/hr, and provide some radon attenuation.

000144
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6.0 MICROSHIELD DOSE RATE CALCULATIONS FOR SILOS 1 AND 2

Given:

Average on-contact dose rate determined from measured values for Silos
1 and 2: (radon removed from airspace)

Average = (68 + 76) mr/hr = 72 mr/hr
2

Calculation of Adjustment Factor:

An adjustment factor is applied to each value of the microshield
outputs incorporating measured dose rates into calculated dose

rates. The factor is the ratio of the average measured dose rate and
the calculated dose rate as determined by Microshield at 1 cm above
the dome lid. This method of calibrating the Microshield outputs by
means of measured dose rates on the silos corrects for unknown
distribution (diffusion) of radon within the K-65 sludges'

72 mr/hr _

Factor = = .567
127 mr/hr //ﬁ
=
Results
‘ The dose rates shown in Table 5-2°are listed for varying types and
thicknesses of shielding. The faector .567 has already been included.

ENG1430APC 060145
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Tool Sets

29.Pc. /4" and V2"
Drive Socket Set

iddle size set K

Iong x 54" wide x 2V4" high.

in & sturay metal box. The box sizg;
gy,

l- Ly» ’ :
Y .- /" DRIVE 6 Spinner Handle Universa) |
g : C 6-Point Sockets 4 DRIVE , o
o —._—_‘.3 . ’l/a". r. 5/15"1”/31', st 1A Soanser
: i i W A and 12- Sochets |
e . . 1
' 3 \JUUOU @ & | Pai Soecial ackes 1?,: e, O Rearitie tueny
Fes. A, and A", Wit dnve A AC AT UAC | Entenuge
§ jﬂUUU 99 == 10000006008 botn square and hex nuts. " 1A e, ang 1° 5 ang 10r
- ) No. 5563A8
- ~NETISET gyqq
H 1 3
1 B 100-Pc. Y4, ¥4" and l/2
3 Drive Socket and Tool §
i " .
: HIEN o m— - - =~ Easy-to-carry flat top metal too! box
k- JET 2 < 3 877 wide x 37 /2 high. The 8-Doint specey ‘°"9
i3 e Lt e —— can be used for both square and hex lut.n.,,"
’ e - R T3
Rr I —— f— 12-Point Standard Sockets Miniature Combinatiee
’ S N 1—====0 W, e e e Wreneh Set "
. g — 3 b/ ] )
: g o=, ——= — TAr Ratchst ar e e
; Bc89menIn N 5 Eteason pe L
' I y / O000meny eteamree 128 Adapter W x ’AL ,/':r ",
b5 : pBsgomem pmaza =% ), e < 4" Mo W iy [
] By = -_p— T = . . Thigets (v
DY { — . M t Stand K .
B - M= ;= = z::tm wr, ’A:[‘ %So_c ‘.'/t\‘s‘ Carter Punch (47
- . z [~ = e (== A Yae Wagr g g qe Pin Punch (Ae)
% [ 2 e R LT e ud e Wt Starter Punch (Ary
2 ¢ 10 Ratchet 107 Groove joim Pliery
SRR - ¢ Dt Handle 15-02 Bail Peen Hammey
| K5 §rtntension Round Shank Slotteg
M Ubipertal faim Scrawdrivery (4~
. R > 4™ SQUARE ORIVE §* Flex Nandie 6-Paint Ceep Sockets Cambhination Wreaches Phillips Scrlwmurkp
Ig [ P‘cmt Standard Sockets S'A Bar :? '/tls'. '7’ e e I ae e e Hez fey Set
7 genr e | sousse oane e, e e i !/.-M o‘z‘a ]’oas; 0 e
i ‘3 . L ) ) pen renches A
y * 3-Paint Sosctal Sackets &-Point Standard Sockets A" Flag Handle O S g inge .' v
O Y wone e e Universal Joint 59 x g, 1/, x g Sg 11
Y
NO. P231A e B e seeevtese e eses s ettt e e eeneeerenene NET/SET taa7.9q
0y 15-Pc. Professional Tool Set 5-Pc. Maintenance Tool Set

A populsr selection of 15
quality toois. Packed n a
. rugged, high-impact, moid-
ed ptastic toot box 19" lang
. x §'27 wige x 4% hign,
with a removabie tray.

§” Slin Joint Pllsrs
Screwdrivers:

2 Siotted. | Phillips
Wooden Hand Awl
Hacksaw with Four 8lades:

Two 107, two 127
file
§-Ft. Steel Tape Rule
10-0 Rigping Hammsr

1° Adjustable Wranch
1° Tongue-and-Groave Pliers

No. BISABY ...

16-0z. Nail Kammer
Round Biade
Slotted Screwdrivers:

47 < A" e x 6
8 Try Square
Ar Nail Set
A x §° Screwdriver Sit

Chroms Plated 10° Adjustable
Wrenck: 1'4° capacity Cushion gnp.

Handy five-piece tooi set witt

19-Pc. Carpenters’ Tool

High grade toois for ail types of carpentry work. Packed in a black-enameieo
steel l0oi chest with machine riveted handles. Size: 32" long x 8° wide x 9™ high.

6% Slock Plane
Wood Marking Gauge

8 lon! graduated in ibths”.
"4 ang “4° Batt Chisels
Scrateh Awl. §'7 Long
" x T Carpenters’ Square

Yetlow; embossed graduations.

handie most basic adjustmen
and repair |obs. Packed m
convement roll-up pouch.

Chrome Plated 10 Groowe Jomt
Pliers: Cushion gno handte.
10 Slru,m Cutting Metal Soigy:
Mth 2%
tushion-gno handle.
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