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ABSTRACT

A container design that satisfies requirements established for dis

posal of EPICOR-II prefilter liners from TMI Unit-2 is described. The

requirements set forth in Specification ES-50652B by EG&G Idaho, Inc., for

the container are summarized, and design features are compared with design

requirements. Decisions made in the design process are explained. A com

plete set of design drawings is included as an appendix. Other appendices

contain detailed analyses performed in the course of design development.
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SUMMARY

A high-integrity container has been developed to (a) immobilize the

EPICOR-II prefilter liners from Unit-2 of the Three Mile Island (TMI)

Nuclear Power Station, and (b) protect possible future, inadvertent

intruders from damaging radiation. The container is designed for disposal

depths to 90 feet in either wet or dry subsurface conditions. A built-in

vent system for each container will permit the release of gas and function

as a water barrier at pressures reaching 45 psig. The container has out

side dimensions of 62.5 inches diameter by 84 inches high, and is designed

to ensure a 300-year functional life. Its design features multiple barriers

that prevent corrosives from penetrating container walls. The multiple-

barrier approach provides a 1,204-year mean time to total failure, based on

an assumed single-event-failure probability of 20%.

The multiple-corros ion-barrier concept is supplemented by aluminum

hydroxide, which reduces the chemical activity of corrosives potentially

arising from chemical decomposition of organic resins in the EPICOR-II pre

filter liner. Aluminum hydroxide, an effective amphoteric material, tends

to neutralize both acids and bases.

An epoxy seal between tne lid and container body functions as a barrier

against any loss of container contents. Two separate epoxy materials fill

the space between the lid and container body; they form a seal, mecnanically

bonding the lid In place. After curing, this epoxy material has a greater

strengtn than the concrete; thus, the concrete has to fail in order for the

lid to loosen.
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UtSlGN ANALYSIS REPORT:

HIGH-lNUbKlTY CONTAINER FOR DISPOSAL

OF tPlCOR-U PHEFILTER LINERS

1. INTRODUCTION

This report describes the design and presents supporting analyses for

the High-Integrity Container (HIC) developed in response to EG&G Specifica

tion ES-5065iB. The purpose of tne report is to demonstrate that all

features and requirements of that specification are reflected in the design

of tne HiC developed by Nuclear Packaging (NuPac), Inc., (Tacoma, Wa; under

tbao Subcontract No. K-9063.

Tne introductory section presents a brief description of the Hit system

and a sutmary of HIC performance under prescribed operational and environ

mental conditions. The remainder of the report, organized to provide an

overview of the system, emphasizes considerations leading to design deci

sions. Section c contains a complete description of the Hit system.

Section 3 summarizes the detailed design and selection rationale. Sec

tion 4 presents recommended changes based on experience during fabrication

of the prototypes. Detail design drawings are presented in Appendix A. All

analyses are collected in Appendices B through K. Those appendices are

organized along functional lines, namely, stress, thermal environment,

shielding, ano material selection.

1.1 The HIC System

The HR is a reinforced-concrete container designed for use in dis

posal of EPICOR-II prefilter liners from the TMI Unit-2. The container is

designed to ensure safe, reliaole, belowgrounu disposal of the radioactive

waste for a minimum period of 300 years (-.10 half -lives of predominant

1 sotopes i .

Figure 1 illustrates tne Hit design configuration. Appendix a con

tains detail drawings for the HIC. Corrosion resistance is provided by

redundant corrosion carriers, supplemented by aluminum hydroxide to reduce

•
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Grouted epoxy seal

concresive 1512/1513

Carboline 195/191 HB

coating

Amphoteric paste

AL(OH)3 (four
locations in bottom)

Lid lift inserts

Container lift eyes

Vent system

Sulfate-resistant

(Type V) concrete

Rebar cage

Shear studs

Phenolic-coated,
1/4-in. steel liner

Polyethylene

abrasion liner

INEL 2 4251

Figure 1. Design configuration of the High-Integrity Container.
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the chemical activity of corrosives.4 Each corrosion barrier provides

adequate containment for the 300-year life of the container. Summed

together, the collective barriers give a HIC life 1n excess of 1,200 years

based on reliability analyses of Appendix B. The container liu is attached
>

a

to the body by two separate materials, both of which form permanent seals.

Tnose materials are installed independently, by different techniques and

processes.

Evaluation of EPICuk-11 Prefilter No. 16 confirms that tne EPICOR-II

2
radioactive waste materials evolve significant quantities of gas. As a

result, the Hlc is equipped witn a venting system for excess gas removal.

The vent is cast into and protected by the reinforced concrete lid assembly.

The container possesses sufficient burst strength to contain all gases

witnout venting (see Appendix C).

Lifting, loaoing, and handling features are designed for quick discon

nect to facilitate remote operations, thereby minimizing personnel exposure

to radiation.

1.2 Key Findings

1.2.1 Fabrication

The container is fabricated primarily of concrete, which must be pro

tected against freezing and high-impact loading during curing. Once the

concrete is cured, it is no longer susceptible to damage from freeze/tnaw

c/cles. The container has sufficient impact strength to permit handling by

conventional means, such as crane or fork lift. Lifting inserts 1n the con

crete provide a means for safely moving the cured container.

a. Man/ corrosion-resistant materials nave been developed in the past
30 years. As a result, long-term experience with the durability of such

materials is lacking. Tnat absence forces one to rel/ on experimental data

derived from material testing and mathematical extrapolation from measured

trenus to estimate corrosive duraoility of materials over long periods of

time.

. 3



1.2.2 Loading

A funnel-shapea interface collar is used to center the liner as it is

placed in the HIC. The interface collar protects the epoxy seal bead around

the top of the container. As an added precaution, a high-density polyethy

lene liner is installed permanently in the HIC before loading. The plastic

liner acts as a buffer between the EPICOK-II liner and wall of the HIC,

thereby preserving the integrity of the phenolic corrosion barrier.

1.2.3 Sealing

The epoxy seal bead is placed manually around the rim of the container;

the EPICOR-II liner is inserted; then the lid is lowered into place. An

epoxy grout is poured remotely into the annular space between the lid and

body of the container. Remote grout placement, necessary because of the

excessive radiation levels produced by the EPICOR-II liner, is facilitated

by the self -leveling characteristic of the epoxy grout. The epoxies cure

to a permanent, high-strength bond in 48 hours and will endure for the

requisite 300-year life of the container.

1.2.4 Transport

DOT regulations require that significant quantities of radioactive

material be sealed inside a Type-B shipping cask for transport over public

roaos, and that the shipment not pose an explosive risk. To satisfy those

requirements, EPICOR-II liners are vented for several weeks before being

sealed in a HIC. That will permit a shipping window of at least 37 days

after insertion in the HIC, since it takes longer than that to generate

enough hydrogen to form a combustible mixture in the HIC.a Temperatures

during transport may range from -4u to +17o°F (see Appendix U).

a.' H. M. Burton letter to Dr. W. U. Bixby "EPICUK-II Shipping Safety
Assessment Document Cask Insertion Requirement," Hmb-511-82, EG&G Idaho,
Inc., November 4, 1982.
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1.2.5 Qisposal

The most critical nonthermal conditions occur after disposal of the

HIC and its contents. Externally applied pressures of ISO psi will Induce

compressive stresses on outer surfaces of tne container. Internally, gases

generated primarily by dissociation of water will escape through the vent

system in the Ho at an estimated maximum rate of 0.061 mole/day, or

0.049 liter/hour. That flow-rate will maintain internal pressure of the

HIC well below design maxima.

Once a Hit is disposed, internal and external chemical environments

will have little or no effect upon the container during Its 300-year life.

However, permeable, acidic soils rich in oxygen are to be avoided, because

degradation of protective coatings could be accelerated.

1.2.b Test Evaluation

The first prototype HIC, S/nuOI, was subjected to a series of vendor

evaluation tests (see Appendix E), which focused on the mechanical and

structural integrity of the container as specified in design requirements.

All design requirements and required containment of contents for handling

events (accidents) were demonstrated.

"5



2. SYSTEM DESCRIPTION

The HIC consists of a right circular cylinder made of reinforced con

crete, and a permanently sealed lid. A vent system cast in the lid con

tinually effects passive venting of the container and prevents passage of

liquid or solids from the outside environment to the inside of the con

tainer. Operational support equipment provided to facilitate handling ana

loading of the container consfsts of lifting gear for the lid and container,

and a loading interface collar. The relationship of HIC components is

depicted in Figure 2.

2.1 Design Requirements

Design requirements for the HIC are either taken from EG&G Specifica

tion ES-50652B or established by analyses included in appendices of this

report. Table 1 contains a brief statement of significant requirements and

presents corresponding design goals established by the vendor. That table

also shows results attained in the HIC design. The final product meets all

design requirements, based on a combination of technical analyses and tests.

2.2 Physical Description

2.2.1 Structural Features

The HIC is a rignt circular cylinder of reinforced concrete (Figure 1).

Its dimensions are: 62.5 inches, outside diameter; 84 inches, height;

6 inches, thickness of cylinarical walls; and 11 inches, thickness of enas.

Concrete Structure. The reinforced concrete is capable of withstand

ing all specified internal and external loads. Recessed eyes and precast

inserts provide for convenient handling and stacking of containers.

Seals. Redundant seals bond the lid securely and permanently to the

container. The interior, or primary seal, is formed from Concresive

AhX-1513, a product of Adhesive Engineering Company (San Carlos, CA). a

6



High Integrity Container

System

(EP-20.1000)

Interlace collar

fabrication details

(EP-7O-03D)

Lift and hoist equipment

assembly

(EP-70-100D)

Container assembly

(EP-20-101D)

I

Spreader bars

fabrication details

(EP-70-01D)

Lift links fabrication

details

(EP-70-020)

Lid assembly and

concrete details

(EP-20-020)

Vent assembly
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Container body assembly

and concrete details

(EP-20-01D)

Steel corrosion

barrier fabrication details

(EP-20030)

Steel corrosion

barrier fabrication details
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for vent assembly

(EP-20-05D)
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assembly

(EP-20-06O)

Filter housing
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INEL 2 4239

c igure 2. Relationships of design components of the High-Integrity

Container (parentnetical numoers correspond to drawing numbers

in Appendix A).



TA&..E 1. SYSTEM DESIGN REQUIREMENTS FOR THE HIGH-I

Function Requirement Parameter

Life 300 years Mean time

to failure

Vent Prevent pressure buildup Gas release

Vent Prevent release of Fluid in

liquids filtration

00

Vent

Corrosion

allowance

Lift

provisions

Stacking

Stacking

weight

Prevent release of solids Particulate

exit

Aoequate for 300 years

retention of waste

Vertical load, 3 g

Design for stacking

Stack six high

Legal transport
(no overload)

Factors of

safety

Surface

flatness

Vertical

pressure

NA

Contour Avoid water entrapment Contour
in voids/pockets

Bulk Container shall not

density float; density >1 .2

Transport Design for Type-A or Transport
type Type-B, as applicable type

TY CONTAINER

Design Goal

3uu years

Design Result

1 ,204 years

>0.052 mole/day

Groundwater will not fill

container in 300 years

(<1 x IO"4 cm3/s)

Retain particulates
>5 microns

300 years

>0.1b mole/day

Goal demonstrated for

hydrostatic heads of at

least 55 ft

Multiple 1- and 5-micron
filters

Factors of 3 on yield and

5 on ultimate

Top and bottom surface

flush and flat

19.7 psi

Transport option of NuPac

proposal (para. 2.2 and

3.1.1) not exercised

Smooth vertical sides;
no pockets

Minimum margin of safety
= +0.03

Top ano bottom f lush and

flat

unsigned for 15u psi
external pressure

Goal attained

Bulk density = 1.8

Transport integrity and

shielding provided by a

reusable package

Type-A package conditions

are satisfied



TABLE 1. (continued j

Function Requirement Parameter

Corrosive

environment

Neutraliz

ing agent

Container thick enough to

provide 2u» margin based

upon projected corrosion

rates

Permitted

Redundancy

Neutraliz

ing agent

Decay neat 8 w

internal

atmosphere

Chloride

content

pn

Saturated air with m^. Gas

SO*, Co, CO2, ho*, generation

ano -*H2

2-200 ppm in free

standing liquid

1 to 11 PH

Internal

gas

pressure

Internal

gas

pressure

10 psi maximum

10 psi maximum

Internal

pressure

internal

pressure

Contact Specific estimate

dose 20U0 rads/h

Initial

contact

Curie

deposition

80* of CI in 18 ft3

at top

Curie

deposition

Design Goal

Multiple corrosion-

resistant barriers

Neutralize all corrosives

Design Result

Detail predictions
in Appenoix C

Selected barriers not

subject to failure by

corrosion; multiple

barriers

0.83 lb ALIOH/3
required for neutral

ization; 20 lb furnlsneo

Haste temperature less

tnan 8"*F higner tnan soil

temperature

Compatible coating and

vent materials selected

Neutralized to pH 7-9;

coating design

requirement, pH 6-10

Vent flow rates at

10 psi

Compatiule coating

materials selected

Amphoteric material added

to control pH

Vent flow at lu psi,

>0. Id mole/day

<ib psi for structural

integrity evaluation

Internal coating
3276 rads/hr

Uniform deposition over

top 6 in. of resin, or

top half as applicable

Container margin ot

safety
* +8.84 vent;

margin of safety
■ ♦u.bo

(test)

HIC materials selected

for >109-rads
exposure capability

HIC materials capable of

>109 rads exposure



TABLE 1. (continued)

Function Requirement Parameter

Integrated
dose

Specific estimate

1 x IO9 R 6 < 1

x IO9 RY

Integrated
dose

Soil

temperature

68 ± 18°F --

Soil

pnysicals
O2

= 0 to 3 mg/L;
CI = 0 to 300 ppm;

pH
= 4 to 9; water = 0

to sat.

Soil

physicals

External

pressure

150 psi hydrostatic,

lithostatic, and stacking

--

Soil

chemistry

-Sulfate compounds present --

Transport
thermal

conditions

Ambient air: -40 to 130°F

insolation per NRC Reg.
Guide 7.8

— —

Temperature
conditions

Six freeze-thaw cycles
oefore transport

--

Seal

function

10 psi at 58 to 66°F;
life at elevated temp.,
60 days at 180°F;
109R y dose

Integrated
dose

Geometry
and finish

No retention of water;
corrosion-resistant

materials; surface
can be decontaminated

~ ™

Design Goal

Varies with location:

930-Mrad-coating; 9-Mrad-

vent, etc.

Eastern and western

conditions separated

Design Result

HIC materials have

greater than IO9 rads

exposure capability

boundary conditions:

thermal analysis

Corrosion of rebar cannot

occur; chloride ion

threshold low by factor
of 15

Container minimum margin
= +0.23 (lio snearj

Sulfate-resistant

concrete

Design capable of

withstanding transport
temperatures of -40 to

165°F

Detail analyses,

Appendix B, reduce dose

to 175 Mrads

Materials of construction
not sensitive to

freeze/thaw cycle

Seal materials were

selected to satisfy the

requirements

Nuclear -qualified

coatings; ANSI N5.12

tests; coatings can be

decontaminated



TABLE 1. (continued)

Function Requirement Parameter

wlft

devices

Furnish and protect from

corrosion, hang within

2 oegrees of plumb.

--

Liner

clearance

Hust receive an EPICOR-II

liner. (44- in. 00 x

6u.6i in. high)

Lid

closure

Self -aligning during
remote installation

v<6U mrem dose/person)

'"

^u't Hookup via crane
--

eyes

Transport

features

Interface with Type-B

transport package

Transport

cask

oeneral

interfaces

60-oegree entry angle
preferred

--

Marking Permanent markings

■elding Fabricate and inspect

per ASME, Section IX

concrete f a bOoO psi, strength

properties o >Hu pcf, dens it/

Keliaoilit/ Quantitative assessment

evaluation

Failure

analysis

Single-failure analysis

Corrosion -resistant lugs

employed (ilo $$)

No Type-6 cask exists

50.5-in. io x ol.a in.

hlgn

Self -alignment spacers on

lid; remotely pouraole

grout seal

Conventional lift eyes

provided

6o-degree entry angle

Provioeo on all

components

Provided on all

components

f - 600u psi

pc« 145 pcf

Provided

Provided



custom-formulated epoxy gel, it is compatible with the phenolic coatings on

the HIC liner. The primary seal is applied to the mating metal surface of

the container body before the EPICOR-II prefilter liner is inserted. The

four-hour pot- life of the primary seal is long enough for insertion of the

EPICOR-II liner and realignment of the lid should the lid not seat properly

after the first attempt.

The external, or secondary seal, is formed from Concresive AEX-1512

(also a custom-formulated epoxy), which fills the 1-inch gap between the

lid and container body. That grout, containing rounded aggregate to effect

self-leveling, is custom-formulated as a flowable material. The grout is

catalyzed to provide rapid curing, thereby minimizing curing time. The

self-leveling characteristic of the grout permits pouring at two locations

diametrically across on the container. That is viewed as an advantage,

since pouring must be done remotely.

Postcure aging of both seals increases their collective strengths

through radiation-induced cross linking of polymers in the sealants. Of

course, continued irradiation eventually will reduce the strength of both

seals; but that will not occur until more than 900 Mrads of exposure (total

anticipated exposure -.175 Mrads).

2.2.2 Corrosion Barriers

Amphoteric Material. An amphoteric material neutralizes both acids and

alkalies. Such a material (viz., aluminum hydroxide) was chosen for use in

the HIC, because acids or bases may be produced during degeneration of

EPICOR-II resins. The amphoteric material, placed in cutouts at the bottom

of the polyethylene liner, will reduce the corrosion capability of degraded

materials, once they are outside the enclosed EPICOR-II liner. That neutra

lization of corrosives .will extend the life of the container. Twenty pounds

of aluminum hydroxide, divided equally among four locations, are placed in

the bottom of the container (see Dwg. EP-20-08D of Appendix A). That amount

is more than sufficient to neutralize all acids or alkalines that could be

produced by degradation of EPICUR-II ion-exchange media.
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steel Liner Coatings. Tne HIC steel liner serves primarily as a sub

strate for corrosion-resistant coatings and secondarily as the Inside form

for casting of the concrete. The phenolic coatings of the steel liner con

sist of one layer of Phenol ine 300 Orange primer and two layers of Pheno-

I ine JOi finish, both materials being manufactured by Carboline. Ihose

coatings, qualified for both radiation fields and chemical environments, ire

applied to the interior and exterior of the steel liner. The coatings are

applied by a vendor in accordance with the manufacturer's recommendations

and ire thoroughly examined by certified quality assurance personnel.

Since the coatings on the inner surface of the steel liner are the most

important corrosion carrier, their inspections will be performed Doth by the

painting contractor and an independent coating-inspection agency. The ven

dor will witness and certify the inspections performed by the inspection

agency. A polyethylene liner protects the corrosion-resistant coatings dur

ing loading, handling, and transporting. Detailed rationale for using the

coatings ire given in Section 3.2.2.

Concrete. Composition of the concrete provides oOuO-psi compressive

strength and is resistant to deterioration by sulfates.

External Coating. Carooline-lyb Surfacer ano Carooline 191 hb are

applied separately to the exterior of the concrete container in accordance

witn the manufacturer's recommendations. Those nuclear-qual if ied coatings

are inspected and certified by both the applicator and vendor. Detailed

rationale for use of the exterior coatings are provided in Section j.1.3.

Consistent with good practice for application of nuclear-grade coatings

to concrete, no oil -based release compounds may be used tor the concrete

forms. Those compounds could cause the surface coating of the concrete to

partially lost adhesion. Concrete-curing compounds are prohibited to ensure

escape of water from the concrete. Curing compounds also form a surface

film that would endanger adhesion of the surface coating.

li



The concrete is cured for at least 28 days before the external coating

is applied, so that most moisture will be evaporated from the concrete. The

moisture remaining in the concrete, along with radiation or corrosion-

induced gases, will exert minor pressures on the exterior coating. In order

to minimize that pressure and ensure bonding of the grout, areas where the

epoxy grout bonds the container body and lid together are left uncoated to

allow the concrete to breathe.

2.2.3 Venting Features

The vent system of the container consists of the following components

(proceeding from lid interior to the outer surface as shown in Dwg. EP-20-

102D of Appendix A;:

1. A stainless steel, inline filter element with a 5-micron pore

size. The filter ensures that resin beads will not escape from

tne container to the external environment.

2. A nonmetallic (polyethylene) filter assembly consisting of three

filter elements. That assembly restricts infiltration of liquids

into the container.

3. A PVC water trap that self-purges any water by means of gases

generated within the container.

4. A 70-micron polyethylene external filter, with large surface

area. That filter, located in a recessed PVC pocket at the lid

edge, functions as a screen against mud and debris.

The vent system can accommodate a flow rate (0.15 mole per day) nearly

three times greater than the design basis (data presented in Appendix f).

Although the vent system could be plugged by a single event, it has been

designed to circumvent that possibility through incorporation of the exter

nal filter, internal metallic filter elements, and large excess capacity.
If the vent plugs, even at the beginning of life, the maximum pressure that

would build up (see Appendix C) is insufficient to cause container failure.

14



If the vent blows out, the top-mounted vent system provides little possi-

bilit/ of material escaping from the container, since the container would

be buried in the upright position.

Tne inlet* and outlets tor the vent also are situated and designeu to

prevent plugging during grouting of the lid to the container. Prototypes

of the vent system have been tested; they satisfy design requirements and

functions as specified. Results of those tests are presented in Appen

dix f. Detailed rationale for the design of the vent system is provided in

Section 3.4.

I.e.. 4 biological Shield

The concrete container attenuates radiation from the enclosed tPlcuR-li

liner by a minimum factor of 9—not enough shielding to permit hands-on

operation, but enough to simplify handling procedures and safety precau

tions. Calculations of surface dose rate are presented in appendix G.

2.2.5 weights and Center of bravit/

Presumaoly, the center of gravity of the HlC is tne geometric center

of the body. Heights of the container and its ancilliary paraphernalia,

based on calculations in Appendix h, are summarized in Taole 2. The bulk

specific gravity of the package is:

(a 1 4 J ( K>c . 5' ) 1 04 ) ( 62 . 4/ I 7£6 J

Tius, the container will not float, exceeding the minniruin bulk specific

gravity requirement of 1.2, as specified in Paragraph 3.2.2.6 of tG&G

Specification ts-bUb52b.

2.2.6 Hecnanical Properties of Materials

Mecnanical properties of materials for tne HlL ire listed in Table j.
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TABLE 2. SUMMARY OF HIC WEIGHTS

Weights
Components (lb)

Container body 11,096
Lid 2,531

Payload (EPICOR-II liner) 3,250
Seals 110

Rub strips and amphoteric material 139

17,126

TABLE 3. MECHANICAL PROPERTIES OF MATERIALS USED IN THE HIC

Material

Yield Stress

(psi)

Ultimate Stress

(psi)

Young'

(1C

s Modulus

'6psi)

ASTM A-36 36,000a 58, 000
a 29d

ASTM A-615

GR 6U REBAR

60,000a 90,OuOa 29u

Concrete -- 6,000c 4.42e

Studs (A-100) 50,000b 60,000D 29d

a. Data obtained directly from ASTM standards.

b. Data reported in Reference 3.

c. Specified reinforced-concrete design parameter, fc
'

.

d. From Reference 4.

e. From ACI 318-77 formula: E =

57,000 (V)1/2.

2.3 Functional Description

Figures 3 through b depict operations involved in loading and disposing
of a HIC. Operations illustrated involve two pnases, which are described

in the following subsections.
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Figure 3. Placement of an EPICOR-II liner in the HIC
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Figure 4. Placement of the lid on the HIC,
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Figure 5. Final configuration of the HIC after being loaded and sealed.
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2.3.1 Container Loading

The container body may be lifted and handled by two stainless steel

lift eyes that are provided for attachment to a spreader bar fitted witn

conventional eye hooks (Appendix I). Three recessed, precast inserts
in tne

lid are provided for attachment of quick-disconnect lift fittings. Figure 6

illustrates lifting equipment features.

Primary sealant is placed on the horizontal lid step circumscribing the

inside top of the container before loading. A tapered loading ring, posi

tioned over the top edge and lid step, serves to protect the lid sealant and

epoxy coatings inside the container from damage by guiding the EPICUR-II

liner into position. The EPICOR-II liner is positioned above the con

tainer, aligned with respect to the container (Figure 3), and then lowered

into the container, eventually coming to rest upon a polyethylene base

plate filled with amphoteric material. The liner then is released from the

hoist. The loading ring is lifted off and set aside, and the lid lifted and

placed in the primary sealant. The lid is fitted with self-centering fea

tures, which ensure a 1-inch annular groove between the lid and container

body (Figure 4).

A pourable and/or pumpable epoxy grout is placed remotely in the annu

lar groove between the lid and container body. That epoxy grout prevents

migration of corrosive materials along the boundary between the lid and

concrete body. The recesses of the three lift inserts of the lid also are

filled with the same pourable epoxy grout (see Figure 5). The grout is

allowed to set (4-10 hours) before the container is moved. Next, the

spreader bar is attached to the container eyes and the container is moved to

an interim storage location for 48 hours, the time necessary for complete

curing of the grouted joint.

2.3.2 Container Disposal

When the grout materials have cured, the HIC containing an EPICOR-II

liner is ready for disposal. The loaded HIC is transferred to a Type-b

shipping cask; the closed cask is placed on the transport trailer; and the
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Body handling

Figure 6. Rigging equipment of the HIC.
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whole system is sent to a commercial disposal site. At the disposal site,

the lid of the shipping cask is removed and the HIC is hoisted from the cas

and transferred to the bottom of the disposal pit.

2.4 Prototype Fabrication

Two prototype HICs (designated S/NOOl ano S/i^UU2; were built as a part

of EG&G Subcontract K-9063. Those prototypes, both pictured in Figure 7,

were fabricated for testing to verify that designs satisfy requirements.

One was used to develop and demonstrate techniques for disposal of the

EPICOR-II liner. The other was used as the test vessel in independent

review/evaluation of container design. Both prototypes are identical to

tne container recommended for use in disposal of the EPICOR-II liners,

except in the following respects:

1. S/NOOl was fitted with an auxiliary test port to allow verifica

tion of sealing effectiveness (Appendix A). The coating on the

exterior was omitted to permit visual inspection of cracks follow

ing each qualification drop test. Nuclear Packaging, Inc., per

formed the drop tests as a part of vendor evaluation tests (see

Appendix E).

2. S/NQ02 was fitted with two auxiliary test ports for Eb&b Idano

testing of seal and vent operations.

Fabrication work was divided among three crafts:

1. Steel fabrication shop--for the HIC steel liner and auxiliary

equipment (loading ring and lift fixtures)

2. Machine shop--for the vent assembly

3. Concrete precast yard--for the container body ano lid assembly.
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(8) S/N002, coated, ready for delivery to INEL.

(A) S/NOOl, uncoated, ready for drop-testing.

Figure 7. Prototype High-Integrity Containers.



2.4.1 Fabrication of the Steel Liner

The steel liner consisted of a right circular cylinder with a flat

plate bottom and a rolled-angle top flange, as pictured in Figure 8. Rein

forcing studs were attached to the liner with an automatic stuo gun. The

fabrication was simple and straightforward, except for the following:

1. The tightest attainable tolerances for the top-welded flange,

which eventually mates with a precision concrete, lip-casting

form, were maintained using thin-gauge weldments; then the fabri

cation was "sprung" to shape following completion of all welding.

2. The primer (Phenol ine 30U Orange) for the corrosion-resistant

coating was a mica-filled epoxy, mixed and applied with precise

process control using equipment (nozzles), flow rates, line

sizes, and so forth, specified by the coating manufacturer.

Nondestructive examinations were performea to verify tnat the coatings

were applied correctly. To ensure adequate film thickness and coating

adhesion, the coating was applied by brusn to tignt areas, welos, ana cor

ners on the concrete anchor studs.

The followiny coating inspections were performed:

I. Verification that the coating manufacturer had proviaed the appro

priate documentation required by ANSI Nlul.4 ("guality Assurance

for Protective Coatings Applied to Nuclear Facilities").

2. Verification that the coating applicator had written procedures

conforming to the requirements of ANSI N101.4 and that the written

procedures had
,
been followed.
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Figure 8. Steel liner with reinforcing studs of the High-Integrity
Container after being coated with epoxies.
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3. Verification that the blast-cleaned steel surfaces conformed to

the requirements of SSPC-SP5 ("White Metal Blast Cleaning").

Surface preparation was inspected to verify the rounding of sharp

corners and removal of weld spatter, as recommended by the coating

manufacturer.

4. Inspection of the applied coating with pinnole detectors, holiday

detectors, and dry-film-thickness gauges to verify that the coat

ing conformed to specified requirements.

2.4.2 Fabrication and Installation of the Vent Assembly

The principal component of the vent assembly is a machined housing

containing the polyethylene filter stack (Dwg. EP-20-0bD of Appendix A) and

surrounded by a cast-lead shield. The housing is connected at one end to a

PVC water trap and outlet fitting via stainless steel tubing. At the other

end, the filter assembly connects to a 5-micron stainless steel filter

nipple attached to the lid corrosion barrier. The installed components of

the assembly are shown in Figure 9.

To achieve acceptable hydrostatic head retention, a trial -and-error,

assembly-and-test sequence was used. Units that performed unacceptably

were disassembled and rebuilt, with the polyethylene filter elements being

replaced each time. That approach was necessary because there were sig

nificant variations in flow characteristics of filter elements. Tnat

variation seemed to be caused by differing amounts of release agent in fab

rication of sintered, porous, polyethylene filters.

2.4.3 Fabrication of the Rebar Cage

Spiral, circumferential reinforcing bars (rebars) were wound by an

automatic wrapping machine and welded to straight, longitudinal spacer bars.

Longitudinal structural bars were bent to proper U-shape (see Figure IO).

The steel liner was inverted and supported on a circular steel form, which

shaped the lid step and sloped the top surface.
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Figure 9. Vent system in the lid of the prototype High- Integrity

Container (S/NU02).
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Figure 10. Reinforcing steel and steel liner of the HIC before casting.
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2.4.4 Concrete Casting

Following completion of rebar fabrication, a split steel casting form

was placed around the rebar cage. The liner was masked with a plywood disk

equal in diameter to the rebar cage. Concrete was poured into the annular

space between the steel casting form and the rebar cage to prevent abrasion

of the outer coating of the steel liner. Voids 1n the concrete were elimi

nated during casting by using pneumatic -form vibrators like the one pictured

in Figure 11. Photographs in Figure 12 show the appearance and surface

characteristics of the body casting immediately after removal of the forms.

Similar techniques were used for construction of the lid (Figure 13),

except voids were prevented by using small, hand-held vibrators. Recessed

lifting lugs were positioned in the lid via tne three-legged fixture pic

tured in Figure 13(A). The low water/cement ratio of approximately 0.32

produced concrete with minimum permeability. The concrete mix contained

air-entraining agents and super-plasticizers to improve workability.

Upon completion of the castings, stainless steel body lift lugs were

threaded into inserts located at the base of "blocked-out" pockets (see

Figure 12). The pockets subsequently were filled with a rad i at ion -resist ant

epoxy mortar. Following the 28-day curing period, all lift inserts were

tested to 15U% of individual working loads.

The surface coat was applied to the outside concrete surface in two

steps. The first step consisted of applying a thin film of Carooline 195

designed to fill all surface voids and "bug holes." A squeegee was used to

"work out" all entrapped air ano prevent formation of pinhole defects; thin

ner was added to improve workability of the film material. In the second

step, additional Carooline 195 surface material-was applied to build coating

thickness to the specified value. The exterior coat, Carboline 191H8, was

applied by spraying.

c-9
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(B)

Figure 11. Installation of a form vibrator (A); placement of concrete (B)
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Figure 12. Top-edge detail before and after installation of lift eyes.
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Figure 13. Lid fabrication with use of a submerged vibrator (A); the
finished casting (B).
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2.4.s Lid Installation

The lid of S/NUOl was affixed to the container body with the primar/

and secondary seal materials to demonstrate suitability of the design.

Nixing of the primary epoxy and Its placement on the lid step of the boo/

is pictured in Figure 14. Photographs of Figure 15 show the lid in place

on the primary epoxy seal, and the annular gap between the lid and container

body filled with secondary epoxy.
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(A)

82-7580

(B)

Figure 14. Mixing of the primary sealant (A); a beaa of primary sealant
on the lid step (B).
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(B)

Figure 15. Final installation of the lid on the body of the HIC (A);
secondary epoxy filling annulus between the lid and the

body (B).
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3. DESIGN RATIONALE

This section of the report discusses evolution of the design of the

HIC, and discusses how that design optimally satisfies design requirements

that will affect disposal of all EPICOR-II liners in storage at INEL.

3.1 Concerns

In designing the High-Integrity Container, overcoming some fundametal

concerns are paramount. The first concern is failure of the container in

less than 300 years by simultaneous internal and external corrosion while

in a disposal configuration. The second is passive exhaustion of potential

gases from the HIC produced during internal chemical activity. Tne third

is failure of the container in ways other than by methodical and sequential

breaching of components beginning internad and proceeding externad. The

fourth concern is the potential radiation hazard to both operators and pub

lic during loading, transporting, and disposing the container. The fifth

concern is exceeding as-low-as-reasonably-achievable (ALAKA) goals, which

influence all handling and transporting operations. The last concern is

burdening the disposer with unnecessary costs associated with fabricating,

loading, transporting, and disposing of containers. Thus, design selec

tions, as described in Section 2.2, reflect fulfillment of objectives lead

ing to overcoming those concerns. It should be reemphasized that, in

designing the container, no credit was taken in calculating container dura

bility and longevity for the steel case of the EPICOR-II liner. Instead,

all assumptions are based upon instantaneous disappearance of that case once

the EPICOR-II liner is sealed in the HIC.

In selecting materials and/or mechanical parts for components of the

container, those materials or parts eventually chosen better fulfilled spe

cific needs than comparable materials or components. For example, the

phenolic-coated, steel liner, as part of the internal corrosion barrier, was

selected after comparing its advantages and disadvantages with liners con

structed of various stainless steels or polyethylene. An amphoteric mate

rial, as another part of the internal corrosion barrier, was chosen for

placement in the bottom of the interface between the EPICUR-II liner and
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container to neutralize potential corrosives which might seep into that

space. Coatings of epoxy on the outer surfaces of the steel liner and con

crete portion of the container, respectively, were selected in the con

structing the external corrosion barrier of the container system. Tne

special water traps and filters of the vent system in the container lid

were selected in favor of other parts, because of their mechanical simplic

ity and prolonged operability in high radiation fields. Redundant epoxy

seals were chosen tor binding tne lid to the container body in lieu of

mechanical devices, because of their better sealing qualities in a high

radiation field and their ease of operation during remote handling.

The resultant product from all considerations is a durable container

with a calculated life expectancy of 11U0 years minimum (study Appendix b>.

The following subsections provide additional detail about why specific fea

tures, materials, and parts were selected, alternative materials and parts

considered, and verbiage regarding acceptance or rejection of candidate

material and/or parts.

3u Internal Corrosion Barrier

3.2.1 Steel Liner

A iteel liner *ds selected as the liner for the HlC, because it is a

good substrate for corrosion-resistant phenol ines and is less expensive than

uther types of metal (Table «*). Since a primar/ concern in design of the

hIC was reducing corrosion (both internal and external) while maximizing

longevity of tne container at tne lowest possiole cost, the use of multiple

corrosion- and rad i at ion -resistant materials in two complementary corrosion

barriers precluded tne desiraoility of using one expensive material nignly

resistant to corrosion. Therefore, stainless steel appeared less attractive

ano more susceptible to failure over the design lifetime of the container,

unless it too were protected with some material (s). The concept of a steel

liner armed with multiple layers of phenoline became tne design choice.

37'



TABLE 4. COST DATA FOR ALTERNATIVE METAL LINERS

CO

CC

Material Corrosion Behavior

Titanium Satisfactory, except for resistance to
sulfate ions

Monel Not resistant to sulfuric and sulfurous
acids

304 CRES Not as resistant as 316

316 CRES Satisfactory, except for pitting from
chlorides

20-Cb-3 Better than 316 CRES

A-36 Baseline comparison

Relative Cost

ion

Multipliers3

Raw Material

Doll,irs/Pound

Fabricat Fabrication Raw Material

9.6 8.0 21.68° 2.24

6.6 7.5 14.90° 2.10

1.9 4.5 4.25° 1.25c

3.4 7.2 7.59° 2.02c

7.2 22.5 16.26° 6.29c

1.0 1.0 2.25d 0.28

a. Relative to carbon steel (A-36).

b. Based on quotations from four fabricators (April 1981).

c. Based on quotation from material supplier (ESC0, December 1981).

d. Assumes $1.55 for fabrication + 45% markup (overhead, profit).



It 1s Interesting, however, that the conceptual version of the HIC

developed by NuPec Included an Internal liner/corrosion barrier of uncoateo

Carpenter 20-Cb-3 stainless steel. In that Initial design. Carpenter 20 was

chosen over less expensive types of stainless steel (e.g., 316) because It

has the greatest resistance to corrosion by chlorides, as revealed 1n

Table 5.

TABLE 5. KtSlSTAHCE OF CANDIDATE STAINLESS STEEL LINER MATERIALS

TO CORROSION

Stainless Steel Corrosion Resistance*

Corrodent 304

X

316

•

20-Cb-3

Sulfur dioxide (SOg) u

Ferric nitrate 0 0 •

Ferric sulfate 1 • •

Ferrous sulfate u 0 0

Ferrous chloride X X □

Sulfuric acid X X •

Sulfurous acid 0 0 0

Nitrous add X -- —

Carbonic acid X 0 •

Hydrocnloric acid (air-•free) X X X

Aluminum sulfate • • 1

(with amphoteric material)
Aluminum chloride X D 1

(with amphoteric materi al)

a. From Reference 5; at <12S*F and <10X concentration.

Key: Per National Association of Corrosion Engineers:

Symbols

•

u

a

x

Per Year

_LinJ

<0.002

<0.02

0.02 to 0.05

>0.05

300 Years

tin.)

<0.60

<6.0

6 to 15

>15

Two other types of HIC liners also were considerd, viz., a roto-molded,

polyethylene liner and a relnforced-epoxy coating applied over concrete.
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Each type was augmented by an amphoteric neutralizing agent. Characteris

tics of the two alternatives are compared with a phenolic-coated steel liner

in Table 6. The concept of a coated-steel liner is superior to the other

two candidates.

3.2.2 Steel Liner Coatings

The primary corrosion barrier selected is a series of phenolic coat

ings, which singularly and collectively resists reacting with neutralized

products from resin decomposition. The coatings are each applied to the

steel liner under strict quality control conditions. Data sheets and test

results for Phenol ine 300 Orange primer and Phenol ine 302 finish (included

in Appendix J) verify the suitability of those phenol ine coatings for this

application.

3.2.3 Amphoteric Material

As insurance against possible internal corrosion of the HIC after dis

posal, an amphoteric material was incorporated into the internal corrosion

barrier. By definition, an amphoteric material is capable of reacting chem

ically either as an acid or as a base. Thus, use of an amphoteric material

(i.e., aluminum hydroxide) in the HIC will narrow the internal pH range from

a possible 2 to 11 to the design value of 6 to 10.
a

Aluminum hydroxide neutralizes via reactions similar to those shown

below for sulfuric acid and sodium hydroxide, respectively:

a. EG&G firmly believes in the adequacy of the HIC design and its fulfill
ment of all requirements, including established pH specifications. However,
pH conditions in EPICOR-II liners apparently are less aggressive than origi
nally surmised, based upon pH analyses of two liners (i.e., PF-3, -16) by
BCL.b»' Data recently collected by EG&G in its liner integrity study
involving those liners confirm the 5.3 pH values measured by BCL. EG&G is

continuing confirmation that low pH values (<4.0) are not anticipated in

liquids of EPICOR-II liners.
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TABLE 6. DECISION MATRIX—EVALUATION OF CANDIDATE LINERS FOR THE HIC

Option

Polyethvlene roto-

molded liner

Advantage

Reinforced epoxy

coating

Coated steel liner

cast 1n place as

casting Inner form

of HIC

Low production cost

Easy to Inspect

Excellent corrosion

resistance

Abrasion protection a

possible Integral
feature

Disadvantage

Coating system

basically qualified

Low material cost

Liner serves as form

for vessel

Liner acts as an

excellent crack-free

substrate for coating

Long leadtlme tooling

Degrading (cracking) in

ultraviolet light

Permeable to cesium

Questionable gamma

resistance

Large quantities of

H2 produced under

gamma radiation

Uncertain creep

behavior

Large coefficient of
thermal expansion,
10 times greater than

steel /concrete

Condensate can form on

unprotected walls of

the container

Capabilities of

bridging cracks with

chopped glass are not

proven

Extensive manual labor

required for prepara

tion of surfaces to be

coated

Potentially large
amount of Inspection
and repair work

Rub strips required
for abrasion protection

Moderate manual labor

and Q.A. required

Steel has a potential
for brittle fracture

failure

41



TABLE 6. (continued)

Option Advantage Disadvantage

Low production cost Rub strips required
for abrasion protection

Coating system fully

qualified— no testing

required

Thermally compatible
with concrete vessel

No condensate on

vessel wall
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2
A1(0H)3

♦ 3 H?S04
♦

A1?(S04)3
♦ 6 H?0) . (3-1)

A1(0H)3
♦ NaOH ♦

Na(A102)
♦ 2 H20 . (3-2)

The quantity of aluminum hydroxide needed in the HIC 1s calculated for the

following worst-case conditions:

1. All water content in the container reacts with degraded resin

products to form an acid 10 times more concentrated than that
o

found in degraded cation resin products analyzed by McFarland.

2. All acid produced leaves the EPICOR-II liner without chemically

reacting and Is available to react with the aluminum hydroxide.

Consistent with calculations presented in Appendix C, the amount of
2

resin mixture is assumed at 8.82 x 10 kg, of which 47% by weight 1s

water. Therefore, 4.14 x 10 kg of water are assumed In an EPICOR-II

liner. McFarland (Reference 6) determined the most acidic liquids from

degradation of irradiated resin would have a pH of 2.5, which corresponds

to 0.0035 N acid.

2
The 4.14 x 10 kg of water per EPICOR-II liner translates to

414 liters of solution, which will yield 1.45 equivalents of acid

(414 liters x 0.0035 equivalents/ liter). Applying the worst-case assump

tion, a solution 10 times more concentrated yields 14.5 equivalents of acid

to be neutralized by aluminum hydroxide. The weight of aluminum hydroxide

required to neutralize that amount of add is calculated as follows:

14.5 equivalents x [(27 ♦ 51)/3] g/equivalent • 377 g, or 0.83 lb. (3-3)

It is appropriate to use more amphoteric material in the HIC than the

calculated minimum to ensure neutralization of any quantity of fluid that

might leak from the EPICOR-II liner. Therefore, the design Includes

20 pounds aluminum hydroxide mixed with an equal weight of water to form a

paste.

43



It is important that the amphoteric material continue to function

throughout the 300-year service life of the container. Although the alumi

num hydroxide does undergo chemical change with time, temperatures
remain

sufficiently low to preclude formation of insoluble or ineffective chemical

forms. Details of those changes are outlined in the following paragraph.

Amorphous aluminum hydroxide dissociates, depending on pH of the

solute, according to the following:

A1(0H)3
* Al+++ + 3 OH' (3~4)

A1<0H)3 *

a1q2-
+ H+ +

H20 .

(3"5)

At low pH, the Al+++ ion will predominate and at high pH the A102" ion will

predominate. A1(0H)3, the most soluble amphoteric material, is amorphous

and is the form projected for use in the HIC (see Figure 16). Corundum

(Al„0o) is the only stoichiometric pure oxide of aluminum, the formation

of which depends on the conditions of preparation. Hydrated oxides can be

g
converted to the pure oxide by heating to above 200°C. The temperature

that the amphoteric material will experience in the HIC (75°C) is not suf

ficient to convert hydrated forms to a pure oxide. The aluminum hydroxide,

A1(0H3), is not stable; it tends to crystallize forming the monohydrate

bohmite (x-AUO-.H^O). Eventually bohmite changes to the trihydrate

bayerite (AL0-.3 H„0), and finally to the trihydrate hydrargillite.

Each successive hydrated form has increased stability and reduced solubility

in water, acids, and bases; but all are amphoteric and act to drive the pH

toward neutral (pH =7).

3.3 External Corrosion Barrier

3.3.1 Reinforced-concrete Container Body

In designing the HIC, attention was focused on preventing deterioration

of the reinforced-concrete body, and corrosion of the rebar cage. Concrete
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various oxides of aluminum.



normally protects embedded steel from corrosion by being alkaline and form

ing a gamma, iron oxide, passivating film over its reinforcing steel. How

ever, chloride ions in concentrations greater than 330 ppm tend to destroy

the protective film, and initiate corrosion of rebar.
'

Three precautions taken in designing the HIC protect against potential

deteriorations of the concrete and corrosion of the rebar. The precautions

permit use of the HIC in soils of disposal sites both in the western and

eastern United States. Soils of western disposal sites are generally free

of water and chlorides, and high in oxygen, whereas those of eastern sites

are just the opposite (i.e., high in water and chlorides and low in oxy

gen). In order for corrosion to occur, water, chlorides, and oxygen

must be present. The three precautions are as follows:

1. Reinforcing cover of 1-1/2 inches or greater to ensure minimum

permeability to rebar location, as shown in Figure 17 and

Reference 13.

2. Exterior of the container coated with sealant to further slow the

permeation of corrosion prerequisites (oxygen, chloride, water,

etc.). Pinhole defects and chips in the concrete coating have

little impact upon the coating effectiveness as a barrier to cor-

rodant permeation. That is, the aggregate quantity of corrosive

substances at the rebar determine corrosive potential, not the

existence of a localized concentration of corrosive substances at

the external concrete surface.

3. Water-to-cement ratio below 0.4 to minimize permeability, the

effect of which is shown in Figure 18 and Reference 11.

3.3.2 External Coating

A heavy coating of epoxy applied to the ouside of the concrete con

tainer will minimize permeation of groundwater into the concrete. Carbo-

line 195 Surfacer and Carboline 191 HB are used because they are nuclear
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47



n

6
._

cu

Q.

0.4 0.6 0.8

Water/cement ratio

INEL 2 4249

Figure 18. Effect of water content on concrete permeability.

4b



qualified, have excellent resistance to the specified soil environments, are

durable, and bond well to concrete. Data sheets for the carboline coating

system are Included in Appendix J.

3.4 Selection of Vent System

Two basic approaches were considered to satisfy the vent system

requirements. The first approach employed active components such as check

valves. The second approach used passive components only.

The initial version of the HIC had an active vent system consisting of:

1. Polyethylene check valves

2. A water trap

3. A top vent orifice and a nonraetalHc particulate filter.

The design approach subsequently was changed in favor of a passive vent

system, primarily because of concern over the ability of the check valves

to provide a 300-year functional life. An evaluation of operational

requirements for the check valve showed that the last vent cycle could occur

as late as year 256 after being put Into operation. That meant the valve

would have to retain sealing and operational capabilities for 256 years.

In a radiation field. It was considered unlikely that a check valve would

remain functionally adequate for such a long time.

The final version of the HIC employs a passive vent system consisting

of:

1. A porous polyethylene filter with a pore size of 1 micron

2. A water trap
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3. A metallic filter nipple

4. A Porex pneumatic silencer, which serves as a mud filter.

While a passive vent system is free of mechanical difficulties,

concerns over functional life in unfavorable environments must still be

addressed.

3.4.1 Porous Metal Fiters

Porous metal filters were considered for use in the vent system

because they lack the moving parts of check valves, and they passively per

mit removal of gases from the HIC. Filters get their liquid retention cap

abilities from the surface tension properties of liquids. The amount of

14

pressure at which hydrophilic filters can retain liquids is given by:

n
~

4X
p -cT

where

(3-6)

p
=

pressure head of retained liquid

d =

pore diameter

x
= surface tension coefficient.

The surface tension coefficient is 12.8 for water at 68°F and 72.15 for

4.2% HN03 at 68°F. Water retention capability as a function of pore size

is shown in Figure 19 for pressures up to 40 psig. Apparently, filters with

a 1-micron or smaller pore size can retain water from a 40-psi hydrostatic

head.

Unfortunately, porous metal filters are hydrophilic, which means that

water tends to be attracted to the walls, forming a miniscus as shown in

Figure 20. Liquids tend to wick through the pores of hydrophilic materials,
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52



which become saturated. In order for the system to pass gas, the liquid

must be purged from the filter. The surface tension, then, works to retain

the gas. Once wetted, the hydrophilic filter will retain gas at the same

pressure as It retains liquid. For this reason, porous metal filters were

not selected for use In the vent mechanism.

3.4.2 Porous Nometallic Filters

Some available nonmetallic, hydrophobic filter materials satisfy the

requirements to hold water at 40 psig and pass gas at very low pressures.

They also survive a mildly corrosive atmosphere in a moderate radiation

field. Candidate materials are polyethylene, polypropylene, polycarbonate,

polyvinyl idenedi fluoride, and polytetrafluoroethylene. Radiation damage
15

threshold values, based upon 80% retention of strength, are as follows:

Dose

Material (rads)

Polyethylene 10-j
Polypropylene 10°

Polyvinyl Idenedi fluoride 10^
a

Polycarbonate _ 10 ' a

Polytetraf louroethylene 10b to IO6

All materials listed above possess adequate chemical stability to func

tion in the mildy corrosive environment of the vent. Some products made

from those materials are structurally fragile and do not qualify for use in

the HIC vent system. Porous polyethylene and polypropylene material for

industrial applications are available, with pore sizes ranging from 10 to

25 microns. Die cut/cast filter elements are available In a minimum pore

size of 0.5 micron. Pore sizes as low as 0.1 micron are obtainable from

polycarbonate. Gas flow rates are given below:

,«-4 n
0*83 .2.29 .-1.16

,, 7v

q
■ 2.28 x 10 P 0 t (3-7)

a. Engineering estimate without supporting data.
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where

q
= flow rate, cfm/ft

P =

pressure head, inches HJD

D =

pore size, microns

t = thickness, inches.

A hydrophobic material supports a hydrostatic head differential of

p
= 42-f5 (3-8)

where

p
=

pressure head (psi)

d =

pore diameter (pm).

Pressure reversal, or even removal of pressure head differential, per

mits surface tension forces to purge water from the hydrophobic filter mate

rial. In exactly the same fashion, surface tension forces purge gases from

the hydrophilic filter material upon removal of the gas head differential.

In other words, in the absence of head differential, a hydrophobic filter

"dries," whereas a hydrophilic filter remains "wet." Consequently, only

hydrophobic filters are suitable for the HIC vent system.

The HIC filter design also incorporates features that

1. Maintain the radiation dose below about 1/10 of the damage

threshold to polyethylene

2. Provide the filter elements with adequate mechanical support,

thereby avoiding long-term creep.
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Since the design requirements of the HIC were established, it has

become evident that the EPICOR-II prefilter liners from TMI will be dis

posed in the western part of the United States. Disposal sites In the West

do not have a significant amount of moisture at required disposal depths

(viz., 30 to 90 ft below the surface). If final disposition 1s in an arid

site, the requirement for a liquid-penetration barrier in the vent system

could be deleted.

3.4.3 Membranes

No membrane offers much reliable or practical alternative to porous,

nonmetallic filters. The membranes evaluated for use are as follows:

1. Metallic membranes

2. Nonmetallic sheets

3. Hollow silicon-fiber elements.

The bulk of generated gas is hydrogen, which readily migrates across

material boundaries. Silver-palladium membranes are known to pass hydrogen

via chemical transformation processes Involving formation of hydrides

within the membrane. The silver-palladium membrane concept 1s not suitable

for HIC application because of the following reasons:

1. Only H. 1s "passed"; other gases are not. Gases other than

hydrogen also are generated In the HIC

2. Uncertainty 1n H~ flow rates requires conservative sizing of

the membrane (2-6-1nch dia.)

3. High unit cost.

Nonmetallic membranes of polyethylene, polypropylene, and silicon rub

ber have predictable permeation characteristics for the gas composition

given In Appendix C (H-, CO, CO-,, etc.). For example, a l-m1l-th1ck
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polyethylene sheet with 1-ft area will pass approximately 0.01 mole/day

("best estimate" peak flow-rate). To pass the design flow rate of 0.1 mole

per day would require 10 ft of membrane. Packaging and mechanical

support of such a membrane is impractical.

3.5 Epoxy Seals

Two redundant epoxy seals were selected to attach the lid to the HIC

body. Chemical bonding of the lid to the body provides adequate joint

strength and also functions as a leakproof seal. As demonstrated in the

data sheets included in Appendix K, the epoxy materials are resistant to

acids and alkalies. Therefore, they act as effective corrosion barriers,

as well as serve to structurally attach the lid and seal the container.

The maximum integrated dose to the epoxy seals is estimated at

175 Mrads. Test data on chemically similar compounds have shown only a

2.2% decrease in flexural strength and a shrinkage of less than 0.3% after

a radiation dose of 350 Mrads (see Adhesive Engineering Technical Bulletin

No. AE-455 included in Appendix K). Therefore, the sealing compounds have

adequate radiation resistance for use in the HIC.

In selecting a method of attaching the lid to the container body, the

following factors were considered:

1. Radiation exposure to personnel involved in installing the lid

2. Worst-case applied mechanical loads that must be borne by the

attachment system

3. Procurement and operating costs

4. Ease of operation.

Two basic approaches were considered: (a) a gasket bolted lid, and

(b) a chemically sealed and bonded installation. The first approach was

discarded because of problems associated with bolting down the lid in a
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radiation field. The strength of the radiation field around the HIC 1s too

high to permit hands-on operation. Therefore, remote operations would be

required for bolting the lid In place. Remotely threading nuts on bolts is

a difficult and tine-consuming operation.

The other approach, chemically sealing and bonding the lid in place,

is more reasonable, because Installation of the epoxy sealant can be

accomplished by using hands-on operation before the EPICOR-II liner is

placed in the HIC. That operation Is made possible by the 4-hour pot life

of the epoxy. After the epoxy seal bead is placed on the lid step of the

container body, there is time to remotely put the EPICOR-II liner 1n the

container and set the lid In place. Since it Is relatively simple to pour

remotely an epoxy grout into the annular gap between the lid and the con

tainer body, and because the grout Is self-leveling, the epoxy bonding and

sealing approach was adopted. The epoxy provides ease of installation and

meets strength requirements. [The grout material Is at least 50% stronger

than the concrete used in the HIC]

Alternatives to epoxy seals were an Inorganic concrete grout or a

Portland cement/concrete mix. Those alternatives were rejected on the

advice of structural and chemical consultants, because they do not form

structural bonds with other concretes or make tighter seals than the

epoxies.

Additional considerations relating to the suitability of epoxy material

are as follows:

1. In less than three days, the seal grout will reach a strength

comparable with concrete. At that time, the Internal pressure of

the container (as calculated in the design basis case) will be

0.02 psig, which is much less than the pressure required to over

come the weight of the lid (1.15 psig). Thus, there is little

possibility that pressure buildup during the grout-curing period

would compromise the seal.
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2. Calculations in Appendix H demonstrate that the mechanism of con

tainer failure due to overpressurization will be related to things

other than failure of epoxy seals.

3.6 Selection of Structural Features, Including Lifting Attachments

The geometry of the EPICOR-II liner (48-inch 00 x 60.63 inches H),

plus the requirement for stackability, lead to selection of a right cir

cular cylinder configuration for the container. For a cylindrical con

tainer, the external -pressure requirement of 150 psi established the

container dimensions. For the cylindrical sidewalls, buckling considera

tions determined thickness. For the flat circular ends, bending stress

considerations dictated thickness. Table 7 illustrates how those require

ments translated directly to the selection of principal dimensions of the

container. Minimum section thicknesses were determined by cover require

ments over rebar. Concrete was selected as the best material for container

structural requirements.

During detail design, the simple right circular geometry was altered

slightly at the top to provide an approximately 4-inch-deep step around the

top edge. The step was achieved by cutting some 4 inches off the container

body below the top of the lid surface. The step functions as

1. A protected recess for the vent outlet, by not trapping water

2. A pocket to allow use of fixed, vertical body-lifting lugs without

compromising container stackability.

Considerations leading to selection of lift attachments included the

following four items. Least-cost solutions were selected given equivalent

performances. The four considerations were as follows:

1. Health and safety considerations mandate quick-disconnect or

remote-handling features

2. Stacking requirements dictate that fittings be located below the

top of the lid surface or be removable by remote means
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TABLt 7. COMPAKATIVt PERFOKMANCES OF CAnulOAIt MAltKlAL^ FOk THt HlL

wr

Parameter

Properties

F (psi)

E (psi)

u

Cylindrical kail Thickness (in.)

Hoop compression

, ,
PRC

.t
*

jr-

Buckling (in.)

t s r
6.67P (1-m2) 1/3

Flat -End Head Thickness (in.)

Bending

t . R 6.67PE(lV)
1/J

Polyethyl

(Fcr
• 750

ene

psi)*

Concrete

(f^> 6,000 psi)

Steel

(Fy
• 30,000 ps1;D

750 (0.6f^) 3.600 20,000

1 x IO5 4.4 x IO6 2* x lo6

0.45 0.2 0.3

4.90

4.89

4.89

1.0*

1.47

1.47

U.18

0.77

0.77



TABLE 7. (continued)

o

Parameter

Shear (Concrete only)

7fC

Minimum Section Thickness (in.)

Selected uuter Dimensions'1 (in.)

Approximate Cost Factors

Unit material cost

Unit weight (lb/ft3)

Container Volume

Container Height (lb)

Container Structure Cost

Polyethylene

(Fcr
= 750 psi)'

Concrete

(ft 6,000 psi)

6.78

Steel

a. Long-term stress from creep rupture governs (500-1000 psi).

b. Stainless assumed for corrosion protection.

c P = 150 psi; R = 24.5 inches.

d. Assumed internal cavity dimensions: 49 in. ID x 63 in.

(Fy
= 30,000 psi)

0.25 6.0 0.10

59 00 x 89 H bl.5 00 x 84 H 51 0D x 68 H

$2.00/lb $300/yd3 $3.00/1 b

60 145 490

72.06 ft3 2.80 yd3 11.64 ft3

4,324 10,9070 5,703

$8,647.00 5841.00 $17,108.00



3. Corrosion-prevention principles dictate that all penetrations of

the outer container surface either be sealed or be made of

corrosion-resistant material not oxidized by groundwater

4. The structure, geometry, and orientation of fittings must minimize

the stresses Imposed 1n the outer surface of the container, thus

minimizing surface cracking.

Lid fittings could be recessed, or radial stainless steel grapple pins

could be located within the top 4 Inches around the periphery of the lid.

Conventional recessed precast steel anchors were selected because they

satisfy all requirements at lower cost. The anchor recesses must be grouted

after installation of the lid In order to prevent water from collecting

there. Circumferential stainless steel grapple pins were not used because

of high prying stresses Induced In the lid, and the high cost of custom

design and fabrication.

"Swift Lift" precast steel anchors Initially were contemplated for the

body, but they were discarded because of difficulty of remotely sealing the

recesses. Simple stainless steel cable loops also were removed from fur

ther consideration due to localized prying stresses in the concrete sur

face. Stainless steel eyes, with essentially the same embedment geometry

as recessed anchors, were chosen for the body. The 316 stainless steel

eyes are not subject to oxidation in groundwater, and they cannot initiate

the kinds of concrete-splitting failures typical of unprotected steel

embedments.
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4. RECOMMENDED DESIGN CHANGES

Some cost savings in the manufacture of HICs may be realized by making

minor changes to the design. The changes recommended here will simplify

container fabrication. They are as follows:

1. Shorten shear studs on the steel liner from 4 inches to 3.5 inches

(Item 4, Dwg. EP-20-04D of Appendix A). This change will elimi

nate interference with the rebar cage and simplify the fitting of

the cage around the steel liner.

2. Reduce the width of the annular grout joint between the lid and

body from 1 inch to 1/2 inch (Item 5 of Dwg. EP-20-101D of

Appendix A). The 1-inch clearance is not needed, since precision

steel casting forms are used for both the body and lid.

3. Delete the polyethylene filter elements and filter shielding

assembly of the vent system (Item 6 of Dwg. EP-20-06D and Item 4

of Dwg. EP-20-102D of Appendix A). The function of those filter

elements is to prevent intrusion of water into the container while

allowing the venting of gases generated in the container. If the

containers are disposed of at the commercial disposal facility

near Hanford Washington, the need for this assembly is elimi

nated. Other filter elements in the system will retain particu

late matter. The shield is no longer necessary, since the

inorganic components are not susceptible to radiation damage.

4. Increase the height of the container cavity by 0.5 inch (Item 1

of Dwg. EP-20-101D of Appendix A). The fit-check with a dummy

EPICOR-II liner demonstrated that EPICOR-II liners are out of

tolerance and th'at clearance with the HIC lid is too small. Such

inconsistencies make placement of the lid on the container

difficult.
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APPENOIX B

SINGLE -FAILURE ANO RELIABILITY ANALYSES OF

HlbH-lNTtUKlTY LUNTAlNtK

B.l Introduction

The high -Integrity Container (HIC) must provide safe, reliable, below-

ground disposal of radioactive TMI -2 wastes for 300 years. The purpose of

this appendix is to provide single-failure analyses for the HIC design, as

shown in Figures B-l ano B-2. Those failure analyses have been combined

because of their close interrelationship. A formal fault tree analysis is

not required specifically by the specification. However, a fault tree meth

odology is used as a design tool to aid in identifying the single failures

that could lead to any loss of container Integrity. Fault trees also are

used in oeveloping the quantitative reliability estimate. Tnis appendix is

divided into two sections that describe the updated fault trees and how they

are used to provide the required single-failure and reliability analyses.

The set of fault trees prepared for use in the single-failure and

reliability analyses reflect the revisions in the design and are included

as Figures B-3 through B-7. The various container systems identified on the

fault trees and referred to in the text of this appendix are described in

detail in the body of the report. The primary failure events and a brief

discussion of each is provided in Table B-l.

B.2 Single-Failure Analysis

As tne top Tault tree event (Figure B-j; illustrates, four basic fail

ure mooes can result in a loss of container integrity; namely, (a) barrier

penetration, (b) penetration of the seals, (c) an open failure of the vent,

and (d) overpressurization following a plugging of the vent.

u.2.1 Barrier Penetration

Figure B-4 reveals that at least three corrosion-barrier failures muit

occur to cause loss of container integrity. Those failures ire described

in Table B-l, event numbers 1.1.1 to 1 .3.3.
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Figure B-l. HIC configuration.
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Figure B-2. HIC vent assembly (lid mounted)
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lABLt B-l. FAILURE RATE PROBABILITY

Primary
Lvent

Number

1.1.1

Event

Outer coating pene

trated from outside

Assumed

Failure

Probability
in

300-year Life

0.<!

1.1.2 Concrete penetration
from outside

0.2

1.1.3 Inner coating and HIC

steel liner pene

trated from inside

0.2

Features Designed to Prevent

or Mitigate Primary Failure

a nuclear-qualified coating,
applied in accordance with

the manufacturer's recom

mendation, is visually
inspected (see Section 2.2.2

of the main report). Uue

to the radiation exposure

and length of the container

lifetime, gas may develop
in the concrete to cause a

few localized pressure

blisters in the external

coating.

Concrete useo is resistant

to attack by the worst-case

disposal environment in case

the outer coating fails (see
Section 2.2.2 of the main

report ) .

A nuclear-qualified coating

(phenoline) is applied in

accordance with the manu

facturer's recommendations

and thoroughly inspected.
A polystyrene abrasion liner

and amphoteric material are

used to protect the pheno
line coating from abrasion

during loading and to neu

tralize any acids or alka

lies that corrode the

tPICOK-II prefilter liner

(see Section 2.2.2 of the

main report).
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TABLE B-l. (continued)

Primary
Event

Number

1.1.4

Event

Intermediate coat

ing penetrated
from inside

Assumed

Failure

Probability
in

300-year Life

0.2

1.2.1

1.2.2

Outer coating pene

trated from outside

Concrete penetrated
from outside

0.2

0.2

Features Designed to Prevent

or Mitigate Primary Failure

bince the intermediate

phenol ine coating will be

supported by the concrete

even if the steel liner is

penetrated, the phenol ine

coating is still an effec

tive barrier. The same

nuclear-qualified coating
and application procedures
used for the interior pheno-
line coating (Event 1.1.3)
are used for the intermedi

ate phenol ine coating. If

the phenol ine coating some

how fails and the steel

liner corrodes, enough time

probably will have elapsed
and enough additional neu

tralization of the mixture

will have occurred in the

corrosion of the steel that

the intermediate phenol ine

coating will survive (see
Section 2.2.2 of the main

report).

Same as Event 1.1.1.

Same as Event 1.1.2.
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TABLE B-l. (continued)

Assumed

Failure

Primary Probability
tvent in

Nuaber Event 300-year Life

1.2.3 Coated container

liner penetrated
from outside

0.2

features Designed to Prevent

or Mitigate Primary Failure

Tne intermediate phenol ine

coating is designed to

resist corrosive environ

ments more severe than the

most extreme soil environ

ment specified. The con

crete portion of the

container will be poured in

sections to reduce the pos

sibility of damage to the

intermediate phenol ine coat

ing (see Section 2.2.1 of

the main report) .

1.3.1 Inner coating and

steel liner pene

trated from inside

0.^ Same as Event 1.1.3.

1.3.2 Intermediate coat

ing penetrated
from inside

0.2 Same as tvent 1.1 .4.

I..J.3 Concrete and outer

coating penetrated
from inside

0.2 The concrete is resistant to

corrosive soil environments,

and its thickness requires
considerable time to pene

trate. Furthermore, the

amphoteric material coupled
with the neutralization from

corrosion of the steel

effectively will neutralize

the mixture that could con

tact the concrete from

inside. The concrete also

has some amphoteric proper

ties that tend to neutralize

any acid or base that gets

through the phenol ine -

coated steel liner.
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TABLE B-l. (continued)

Primary
Event

Number

2.1.1

2.1.2

2.2.1

2.2.2

2.3.1

2.3.2

Event

Primary seal fails

from inside

Secondary seal

fails from

outside

Primary seal fails

from inside

Secondary seal

fails from inside

Secondary seal

fails from outside

Primary seal

fails from outside

Assumed

Failure

Probability
in

300-year Life

0.2

0.2

0.2

U.2

0.2

0.2

Features Designed to Prevent

or Mitigate Primary Failure

The primary seal is a long-
pot-life epoxy with excel

lent chemical -resistance

properties. It should

resist attack by materials
from either inside or out

side the container (see
Section 2.2.1 of the main

report) .

The secondary seal is a

rapid-curing epoxy that will

bond to the concrete and

provide an effective seal.

It should resist chemically
anything that attacks it

from either the disposal
environment or failure of

the primary seal from inside

(see Section 2.2.1 of the

main report).

Same as Event 2.1.1 .

Same as Event 2.1 .2.

Same as tvent 2.1.2

Same as tvent 2.1.1.
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TABLE B-l. (continued)

Primary
Event

Number Event

Failure

Probability
in

300-year Life

3.1 Internal filter

fails open

U.2

3.- Main filter

fails open

0.2

4.1.1 Internal filter

plugged

0.2

Features Designed to Prevent

or Mitigate Primary Failure

The internal CRtS In-line

filter is a commercially
manufactured, high-quality,

passive element. It is not

susceptible to radiation

damage and has structural

strength well beyond the

burst pressure of the con

tainer (see Section 2.2.3

of the main report).

The polyethylene filter

elements are shielded by

both the concrete lid and

the supplemental lead

shielding. They are sup

ported by sintered metal

filters; the entire vent

assembly is expected to

withstand pressures exceed

ing the container design

strength (see Section 2.2.3

of the main report) .

The internal CRtS in-line

filter is protected from

external foreign material

by tne external polyethylene
filter. Furthermore, the

entire vent system is pro

tected from foreign material

by a 70-micron polyethylene
bulb filter. The location

of the vent system near the

center of the lid will pre

vent' the seal -pouring opera

tion from plugging the vent

(see Section 2.2.3 of the

main report).
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TABLE B-l. (continued)

Primary
Event

Number Event

Failure

Probability
in

300-year Life

4.1.2 Main filter

plugged

0.2

4.1.3 Outside filter

plugged

0.2

Features Designed to Prevent

or Mitigate Primary Failure

The polyethylene filter is

protected from plugging by
the internal CRtS in-line

filter and the outside poly

ethylene bulb filter. Since

the vent outlet is recessed

behind a screen that is

flush with the surface of

the lid, the likelihood of

the vent becoming plugged
during seal-pouring opera

tions is remote (see Sec

tion 2.2.3 of the main

report).

The outside polyethylene
bulb filter is protected
from the disposal environ

ment by a metal grate over

a recessed area where the

filter is attached to the

conduit. This polyethylene
bulb filter has resistance

to radiation exposure.

Also, the filter is weaker

than the container struc

ture, seals, or remainder

of the vent system. Thus,
if the polyethylene bulb

filter does become plugged,
it will burst (see Sec

tion 2.2.3 of the main

report).
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TABLE B-l. (continued)

Assumed

Failure

Primary Probability
tvent in Features Designed to Prevent

Nuaber Event 300-year Life

0.2

or Mitigate Primary Failure

4.*. Pressure buildup If the venting system
in excess of design becomes plugged,
margin the best-estimate gas-

generation calculation shows

that the expected burst

pressure of the container

will not be reached (see
Section 2.2.3 of the main

report ) .
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B.2.2 Seal Penetration

Figure B-b reveals that two separate seal failures are required to

cause loss of container integrity. Those failures are described in

Table B-l, event numbers 2.1.1 to 2.3.2.

B.2.3 Open Failure of the Vent

As shown in Figure B-2, the present design has two devices in series

that prevent solids from entering or leaving the container. As shown in

Figure b-b, two independent failures are required for a loss of HiC integ

rity through the vent path, not counting overpressurization. Those failures

are described in Table B-l, event numbers 3.1 and 3.2.

B.2.4 Overpressurization

There is only a single vent path, as shown in Figure B-2. Therefore,

only a single failure is required to plug the vent system. Theoretically,

if the vent is totally plugged, failure of either the vent or the container

structure could result. Such a failure is unlikely, however, because of the

excess design capacity of the vent system and the container, as described

in the following paragraphs and in Section 3.2 of the main report.

Figure B-7 identifies the various failure mooes that can lead to an

overpressurization and cause a loss of container integrity. Those failure

modes are described in Table B-l, event numbers 4.1.1 and 4.2. As stated

in Section 3.2 of the main report, each vent is expected to have a capacity

20 times greater than the design basis when 50% plugged. In other words,

the venting system can relieve the design basis gas generation when it is

98% plugged. The vents are passive and provide continuous relief; thus,

pressures sufficient to endanger the vent structures should not accumulate.

It is unlikely that vents will plug sufficiently for the container pressure

to rise above the specified level, considering the conservatism of their

excess design capacity (see Appendix C), the decreasing rate of gas genera

tion with time, and the protected location of the vent.
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If, in spite of all these factors, the vent system plugs or never oper

ates, the resulting maximum gas pressure in the HIC would be substantially

less than the burst pressure of the container. Even with the design basis

gas-generation rate, (five times the best -estimate generation rate,) the

maximum pressure buildup would be less than the burst pressure of the con

tainer, supplemented by the lithostatic head (see Appendices t and H).

B.3 Reliability Analysis

The HIC would sustain a significant structural failure in order to

allow either water to flow through the container or the degraded resin mix

ture to escape. As described in Section B.2, an overpressurization suffi

cient to cause a structural failure of the container is not likely to occur.

For radioactive material to escape following a vent system failure, the

container must fill with water, then the radioactive material inside the HIC

must diffuse out. However, the nature of the resin mixture removes ions

from the water rather than allowing the contained radioactive ions to enter

solution. Since diffusion is slow and the radioactive ions do not tend to

leave the resin mixture, any release due to the vent system passing water

is expected to be minor.

Unfortunately, little data are available for a valid quantitative pre

diction on the reliability of modern engineering materials over a period of

3oo years. An arbitrarily assigned failure probaoility of 20% for each of

tne primary events listed in Table B-l indicates the redundancy built into

vonous aspects of the container.

The mean time to failure iMTTF) for the container, based on the

arbitrarily assigned 20* failure probabilities, is .1,204 years (300-year

lifetime multiplied by inverse of failure probability). The calculated

probability numbers are given at the lower left-hand corner of each fault

tree event.
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APPENDIX C

ANALYSIS OF GAS EVOLUTION ANO

PRESSURES WllHIN THE HR

C.l Introduction

The gas evolution and pressure buildup in the HIC was calculated to

determine whether or not the container requires venting. If the HIC is to

be vented, it is necessary to define the gas flow rate that the vent must

pass to limit the pressure in the container. To evaluate the consequences

of a vent patn blockage. It is necessary to determine the maximum unvented

container pressure. Two other parameters that must be calculated before

the gas flow rate and unvented container pressure are (a) the bulk average

radiation dose to the exchange media, and (b) the rate of gas evolution in

the exchange media per unit radiation dose to the exchange media.

The equations presented for the various calculated parameters are

straightforward. However, many variables are used in a few of the equa

tions and there are many unit conversions. Therefore, the usual algebraic

format for equations in technical reports is not used. Instead, variable

names and conversion factor values are used, along with the associated

units.

A computer program was developed to perforin all the necessary calcula

tions. Excerpts from the program output for the "best -estimate" case are

included as tables in tnis appendix for the convenience of the reader. The

complete output from the computer program for the "design basis" case is

presented in in attachment to this appendix.
«

I able C-l illustrates various mechanisms that can cause evolution of

gases in the HIC. Had io lysis of the cation-exchange resin molecules and

the bound water will be discussed first. Potential pressure-reduction

mechanisms, (e.g., oxygen scavenging; are neglected in this analysis.

C-3



TABLE C-l. GAS-EVOLUTION MECHANISMS IN THE HIC

N2,02,H20

Mechanism

Gamma and

beta

radiation

Corrosion

Existing Atmosphere

Resin molecules

(scission and decoupling)

Bound water

(dissociation)

Free water

(dissociation)

EPICUR-II liner

(scission and decoupling)

Acid generation in bound

and free water

Corrosion of iron

by acida

Corrosion of iron by
water vapor

Gas Generated Gas Consumed

SO NO CO- CO
A A 2_ °2

H2°2

H2°2

H2 CU2 CO
U2

SO NO C0„ CO
x x 2

H2 H20

a. Significant if only cation resin in EPICOR-II prefilter.

Other mechanisms involve gas evolution from polyethylene or polystyrene

materials and corrosion of the carbon steel EPICOR-II prefilter structure.

Those two mechanisms, described in Sections C.6 and C.7, do not make sub

stantive contributions to total gas generation and can be neglected in

design of the HIC.

C.2 Calculation of Integrated Doses

To determine tne average integrated dose, it is necessary to establish

an energy-deposition rate for each isotope. The isotopic distribution of

the activity and the dose conversion applicable to the £PICOR-II prefilter

also are required. Once those input parameters are determined, the inte

grated dose and dose rates to the exchange media can be calculated.
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C.2.1 tnergy Deposition

The absorbed energy in ergs/yr-U 1s obtained for each isotope via tne

equation:

Aosorbed energy (ergs/yr-C1) ■ absorbed disintegration energy (Mev/dis)

x 0.602 x IO6 ergs/MeVj x 13.7 x IO10 dis/s-u)

x (3600 s/h) x (24 h/day) x (365.2b days/yr) . (C-l)

Multiplication of the maximum beta radiation energy for each source by a

factor to account for the lost neutrino energy yields an average beta

energy. The average beta energy is added to the gamma energy, and it is

assumed that the total energy is absorbed in cation-exchange media. This

formulation is conservative, since a small fraction of the beta energy and

a significant fraction of the gamma energy will escape.

Energy deposition is calculated using an assumed average beta energy

fraction of 0.39 for all decays, except the 2.27-MeV beta from 90Sr where

a measured value (0.41) is available. The assumed fraction is consistent

with the upper-limit values determined by the method described in Refer

ence 1. The MeV/disintegration values for each isotope are calculated from

2-4
tne following decay schemes:

137
Cs Decay Scheme

1.173 MeV maximum oeta energy (6X)

u.512 MeV maximum beta energy (94X)

0.662 MeV gamna (941).

Absorbed disintegration energy
■ 0.837 MeV/disintegration.

C-b



90
Sr Decay Scheme

0.546 MeV maximum beta energy (100%)

2.27 MeV maximum beta energy with measured average energy of

0.93 MeV (99%)

0.52 MeV maximum beta energy (2%)

1.7b MeV gamma (0.02%)

Absorbed disintegration energy
= 1.17 MeV/disintegration.

134
Cs Decay Scheme

0.662 MeV maximum beta energy (100%)

0.570 MeV gamma (23%)

0.605 MeV gamma (98%)

0.796 MeV gamma (99%)

1.038 MeV gamma (1%)

1.168 MeV gamma (2%)

1.36b MeV gamma (3.4%)

Absorbed disintegration energy
= 1.85 MeV/disintegration.

Based on these decay schemes, the energy deposition for each isotope

is calculated; results are given in Table C-2. After the energy deposition

is calculated, a dose-conversion factor is calculated for determining the

dose rate to the exchange media once the number of curies of each contained

isotope is known.

C.2.2 Container Activity

To estimate the maximum number of curies present in an EPICOR-II

prefilter, it is assumed that the 1300-Ci administrative limit on primary

isotopes in a prefilter was applied only to isotopes with a half-life
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TABLE C-2. SOURCE TERM DATA

kst rsr-^Ti «tTM o rr hum

RATA UNITS

*IS:n VOLUME r-UT*3 (TOTALI 34 CATION RISIN FRACTION .5

US IN DENSITY CIUM&/CC (IfETI ■•siNcumiMG VOIDS TOTAL FOR

cat; a* nam mss iouhs mcti 4332*4 ISOTOPES T 1/2

ISOTOPE CS137 s»o CS134 >5 TEAR

mMFllTt 1(M 30 24.2 2.05 MA

•SCAT CONSTANT TEM- 1 0.02 0.O2 0.34 MA

EMEKC1 DEPOSIT 113 IRC/rftaCI 1.57 2.1* 3.44 MA

»OSE CONVEKT «AP'TR*CI 3411R 50343 7*S33 MA

CI FWC-.Cn *3 TR Tl/2 O.W 0.03 1. 00

ACTIVITY c: mo ro 272 1300
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greater than five years. The only isotopes present of this nature are

137 90 137 90
Cs and Sr. The ratio of Cs to Sr is obtained from the

calculated curie deposition in PF-29 presented in Reference 5:

Activity (137Cs)/[Activity (137Cs) + Activity (y0Sr)] = 864/(864 + 48.8) Ci

Activity (90Sr)/[Activity (137Cs) + Activity (9USr)] = 48.8/(864 + 48.8) Ci .

The Cs activity was obtained by taking the ratio of Cs to Cs

in the calculated curie deposition for PF-29 and multiplying it by the total

137
curies of Cs. Table C-2 summarizes the results of the calculation

along with the input data used and the energy deposition for each isotope.

C.2.3 Dose Conversion

Given the number of curies, the energy deposition per curie, and the

mass into which the energy is deposited, it is straightforward to compute

the dose conversion as shown below:

Dose conversion (rads/yr-Ci) =

energy deposition (ergs/yr-Ci)

x 1 rad/ (100 ergs/g)

x 1/resin mixture mass (g) (C-2)

where the resin mixture mass is given by the equation:

3
Resin mixture mass (g) = wet resin density (g/cm )

x resin volume (ft3) x 28 320 cm3/ft3 (C-3)

where the total resin volume is 36 ft (Reference 6), half of which is

assumed to be cation resin. The wet resin density with voids is

3
0.85 g/cm (Reference 8). This density, slightly higher than that given

a. This assumption is used to conservatively envelope the typical or

representative values given in Table 1 of Eb&G Specification ES-50652B for

Liner PF-29.
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in the specification, is used for reasons of consistency since it is the

appropriate value for the resin in which experiments on gas generation were

performed.

C.2.4 Integrated Doses

The integral of tne raoioactive decay equation is used along witn the

initial activity to determine the bulk average integrated dose in the

cation resin at the time of container loading. The equation used is:

Dose to HlC load (Mrads) » dose conversion (rads/yr-Ci)

x il Hrad/10 raos) x activity (l.ij

x l/Z(yr"1) x il-e ll') (C-4;

where I is the radioactive decay constant normally symbolized with a Greek

Lamoda i> ) and with units of yr" , and t' is the time to HIC loading in

years --assumed to be two years. Taole C-j provides the results of the

calculation of the total oose, for HIC loading two years after removal of

tne tPICoK-li prefilter from service. The taole also identifies the

contribution of each of tne three isotopes.

The same basic elation is used to calculate the integrated dose to the

exchange media following Hie loading, as follows:

vcdia oose since hIC load (Mradi)
- dose conversion (raos/yr-u)

* (I Mrad/lo6 rads) a activity (Ci)

. l«l,r-,,.l.-",-.-1«,*,,'j <-»

where t is the time since NIC loading. Table C-3 also lists the integrated

doses to trie cat Ion -exchange media at times throughout HlC life.
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TABLE C-3. INDIVIDUAL ISOTOPE CONTRIBUTIONS

YEARS TO CASK LOAD

DOSE TO CASK LOAD

YEARS SINCE CASK LOAD

<1ST DAY)

1

2

4

8

16

32

64

146

254

300

CSI 37 SR 90 CS134 TOTAL

DOSE DOSE DOSE DOSE

HRADS MRADS MRADS NRADS

87 7 32 125

CS137 SR 90 CS134 TOTAL

DOSE DOSE DOSE DOSE

HRADS PIRADS NRADS HRADS

0 0 0 0

42 3 9 55

S3 7 16 106

162 13 24 199

310 24 30 365

5*8 44 33 644

960 74 33 1067

1418 108 33 1559

1777 133 33 1942

1832 136 33 2000

1835 136 33 2004
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C.«;.!> oose Rate

An estimate of the average initial Integrated dose in the Hli liner is

provided by the maximum liner dose, shown for a uniform source distribution

in figure G-2 of Appendix G (717 rads/h initially; 210 Mrads integrated

lifetime dose). That estimate of average dose Is conservative, because

much of the liner is not adjacent to the resin. Thus, it will be exposed

to a lower dose.

C.t.b Liner Oose since HIC Loao

The dose rate following Hit load is calculatea from the radioactive

decay equation as follows:

Dose rate (raos/oay) ■ oose conversion (raos/yr-Ci)

x activity (Ci) x e"Z*tn '
x I yr/3ob.2:> days (C-6)

where t is the time since HIC load, t' is the time to HIC load, and Z is

tne decay constant normally referred to witn a x. Taole C-<* presents the

total oose rate in tne cation-exchange media (units of raos/oay) at various

intervals throughout HIC life. The table also presents the contribution of

tne three isotopes to the total dose rate.

C.3 Gas beneration in Exchange Media

In aooition to the parameters calculated above, a value for the gas

generation per absorbed dose in the cation-exchange media is needed to

calculate tne gas-generation rate. A "o" value for hyarogen of

0.1 molecule/100 eV is usea for the best-estimate calculation; a value of

u.i molecule/100 eV is used fur tne design basis calculation. It is

assumeo that 46.5% of the exchange-media mass is water, but that virtually

all Of the free water (<U remaining) is removeu. Ihe value of

O.I molecule/100 »v is consistent with data preseiaed in References b, tt,

and 9. The value of O.i molecule/eV is chosen as the design basis gas-

generation rate to allow an adequate margin for differences in the
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TABLE C-4. DOSE RATES

YEARS SI MCE

CASK LOAD

CS137 SR90 CS134 TOTAL

(1ST DAY)

1

2

4

a

16

32

64

148

256

300

DOSE RATE DOSE RATE DOSE RATE DOSE RATE

RADS/HOUR RADS/HOUR RADS/HOUR RADS/HOUR

4S41 382 1259 648 1

4730 373 899 6001

4622 363 641 5626

4414 346 326 5085

4024 314 84 4422

3345 258 6 3608

2311 174 0 2485

1103 79 0 1183

158 10 0 168

13 1 0 14

5 0 0 5

C-12



exchange-media type, composition, and moisture content. For example,

calculations using the design basis gas-generation rate will be

conservative even if:

I. Twice the allowable amount of free water is present in the pre

filter and is in the vicinity of tne radioacitivy where hydrogen

can evolve

2. Fifty percent of the radioactivity is distributed in tne anion-

excnange media, which has a substantially higher hydrogen-

evolution rate tnan cation-exchange media.

C.j.l 6as-Ueneration Rate

The following equation is used:

uas -generation rate (cm /g-orao)
■ l/rt, fraction x bi.Hj (molecules /1 00 eVj

x 2.32 x IO"8 (cmJ/g-rad)/(molecules/lUO eV)

x lo9 (rads/orad) (C-7)

where it is conservatively assumed that hydrogen accounts for only two-

thirds of the gas generation. Actually, review of References 5, ana lu

through 12 indicates that the hydrogen generation will be closer to 75* of

total 9as generation.

C.3.2 Total 6a s Generated

The following equation is used to determine the total gas generated in

moles:

C-13 •



Gas generated (moles) = dose (Mrads) x (1 Grad/1000 Mrads)

3 3
x resin density (g/cm x resin volume (ft )

3
x gas-generation rate (cm /g-Grad)

x 28,320 (cm3/ft3) x 1 mole/22,400 cm3. (C-8)

Table C-5 lists the calculated amount of gas, both hydrogen and

nonhydrogen, produced throughout HIC life.

C.4 Gas Pressure in the HIC

Once the gas production has been calculated, pressure builaup in the

container can be calculated using the following equations:

C.4.1 Unvented Gas Pressure

3 3
Pressure (psia) = {1 + [moles of gas x 22400 cm /mole x 1/gas volume (ft )

x 1/28,320 (cm3/ft3)]} x 14.7 psia. (C-9;

C.4. 2 Gas Volume

330
Gas volume (cm ) = [total volume (ft ) - resin volume (ft )

x (1 - resin void fraction)] x 28,320 (cm3/ft3) (C-10)

where the total volume is based upon the external dimensions of the

EPICOR-II prefilter and the tightest possible fit within a disposal

container.

C.4. 3 Resin Void Fraction

The resin void fraction given by the manufacturer is 40.1% (see

Reference 11).
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TABLE C-S. GAS QUANTITIES PRODUCED

•ATA UNITS ft UNITS

CAS CtM MTB CO 'CHAI*.t9*A» 3.44 cm woluhi l».?4 CUIIC FT

RSSIM VOLUME PT*3 (CATION) 18.00 CATION RISIN
\raTaMflfl/
403391 crars <vrr>

resin r,-As:TT cra«/cc 0.85 FRACTION OF

*ESIM VOIR FRACTION 0.40 MATER IN RUIN 0.47

TOTAL vrtLUBI CUtlC FT 41.30 C-H2 RESIN 0.10NOUCULE3/100EV

K2 FRACTluN 0.471NITIAL GAS VOL 49.34 HOLES

It* TO CASE WAR 2

TOTAL UNVENTED

N0N-H2 H2 CAS CAS RRBS

TEARS SINCE CAM LOAR HOLES ROLES HOLES PSIA

CIST RATI 0 0.00 0.01 .010427181184 14. ro

1 1.21 2.43 3.44 13.77

2 2.33 4.74 7.07 14.77

4 4.40 8.94 13.34 18.40

8 8.04 14.37 24.43 21.85

1* 14.24 28.92 43.14 27.33

32 23.58 47.87 71.44 39.40

64 34.45 49.94 104.40 43.29

148 42.92 87.14 130.04 92.74

254 44.21 •9.74 133.98 53.90

300 44.29 89.91 134.20 93.97
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C.4. 4 Calculated Unvented Pressure

Table C-5 presents the calculated best estimate of the unvented

pressure at various intervals during the HIC life. Figure C-l presents a

curve showing the unvented pressure after 300 years for various initial

gas-generation rates.

C.5 Vent Operations

The operation of an assumed check valve-type venting system can be

determined once the unvented gas pressure as a function of time has been

calculated.

C.5.1 Differential Pressure

The unvented pressure inside the HIC, and the hydrostatic head

determine the differential pressure:

Total differential gas pressure (psid) = unvented gas pressure (psia)

- head pressure (psig) - 14.7 (psia) (C-l 1 )

where the head pressure in psig is obtained from the equation:

3

Hydrostatic pressure (psig) = head height (ft) x 62.4 (lb/ft )

x (1 ft2/144 in.2). (C-12J

Table C-6 provides the calculated unvented differential gas pressure in the

container.

C.5. 2 Vent Actuations
'

The number of times a mechanical check valve will actuate depends upon

opening and closing pressure of the check valve. For purposes of
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Best

estimate

Design
basis

0.001 0.01 0.1 1.0

Gas-generation rate (moles/day) inel 3 osooj

Figure C-l. Maximum unvented pressure (psia) vs gas -generation rate

(moles/day).
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TABLE C-6. RELIEF LIFTS

DATA UNITS CALCULATED VALUES UNITS

HYDROSTATIC HD FT 0 HYDROSTATIC HD 0 PSID

RELIEF OPEN PSID 10

RELIEF SHUT PSID 3

rRS TO CASK LOAD 2

APPROXIMATE PIAX I HUN

YEARS BETWEEN PSID IF

DIFFERENTIAL ■ RELIEF LIFTS RELIEF RELIEF FAILS

YEARS SINCE CASX LOAD TOTAL CAS PSID TO DATE LIFTS THIS YEAR

(1ST DAY) 0 0.00 0 9 39

1 1.07 0 10 38

2 2.07 0 10 37

4 3.90 0 11 35

8 7.15 0 13 32

16 12.63 1 11 27

32 20.90 2 16 18

64 30.55 3 34 9

148 38.04 5 242 1

256 39.20 5 2958 0

300 39.27 5 8203 0
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illustration, an opening pressure of 10 psid and a closing pressure of

3 psia are used to estimate the number of times a mecnanical relief checx

valve would lift for a given gas-generation history.

Lifts to Oate ■ (total unvented differential gas pressure (psid)

- relief open pressure (psid)/(relief open pressure

- relief close pressure)(psid). ,l.-1,j)

Table C-o lists the number of relief lifts after HIC loading throughout HIC

life.

C.S.j interval between Relief Lifts

This parameter is estimated by calculating how long it would take for

the differential pressure to build up from the vent-closing pressure to the

vent-upening pressure at the instantaneous yas-yeneration rate. Tne muuel

creates an anomaly just before the first relief lift, as can be observed in

laule c-6 where tne years between lifts is I J in the eighth year ano II in

tne sixteenth year. That anomaly occurs because the first lift requires a

larger pressure buildup than oo subsequent lifts, and the first lift occurs

between the eighth and sixteenth years.

Q

Interval between relief lifts (years) = LOO rads/Grao)/

oose rate (raos/oay)j x [1/gas-generation rate (cm /g-Grad)j

x gas volume (ft3) x 28,3*0 cmJ/ftJ

x [.1/resm mixture mass (y)J x ll year/ Job. ^b days)

x (relief open pressure
- relief close pressure)(psid)

x (I/U.7 psia). it,-Uj
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C.5. 4 Maximum HIC Pressure if Vent Plugs in a Given Year

The likelihood of a vent failure increases with time. Therefore, it

is necessary to determine the maximum pressure that can develop in the

container if the vent plugs in a given year.

Maximum pressure if vent plugs in a given year (psia) =

unvented pressure at 300 years (psia)

- unvented pressure at time (psia). (C-l 5)

Table C-6 contains the results of this calculation for the best-estimate

case. Figure C-2 is a graph of the unvented pressure versus time and the

maximum pressure reached if a vent plugs in a given year.

C.6 Hydrogen Generation

Organic materials can deteriorate under intense radiation exposure.

Hydrogen gas is often a product of that deterioration. If a polyethylene

liner were used in the HIC, the relatively large gas-evolution rate from

polyethylene would be considered. Table C-7 lists the calculated doses and

gas-generation rates from a polyethylene liner at various times throughout

HIC life. If a polystyrene liner were used, the gas-evolution rate

(1.5 cm /g-Grad, according to Reference 13) would be inconsequential.

C.7 Gas Generation from EPICOR-II Prefilter Corrosion

Sufficient SU^ is produced by radiolytic decomposition of cation

resin to react with the entire prefilter structure if enough water is

available to combine with the $Q. to form sulfuric acid. However,

experience with metals in corrosive environments indicates that the

corrosion products in a relatively static environment soon become self-

protecting (for example, iron anchors lost on the ocean bottom have been

found largely intact after hundreds of years). Generally, unless there is

some mechanism for continuously removing the corrosion products, the
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C-7. GAS GENERATION WITH A POLYETHYLENE LINER

LINER VOLUME 52511 CC

LINER HAXIHUM LINER CAUSED

TOTAL LINER HYDROCEN PRESSURE PRESSURE

DOSE GENERATION UITH LINER INCREASE

:ask load HRADS ROLES PSIA PSID

0 0 0.00 14.70 0.00

i 6 0.99 16.06 0.29

2 12 1.92 17.33 0.56

4 22 3.61 19.66 1.06

8 40 6.62 23.79 1.94

16 71 11.70 30.75 3.42

32 118 19.36 41.27 5.67

64 172 28.29 53.53 8.28

148 215 35.25 63.07 10.31

256 221 36.31 64.53 10.63

300 222 36.37 64.61 10.64
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mdAimum weight loss is expected to be about lu* of the metal available for

attack.14 In the tFlcUk-Il prefilters, only that metal in contact with

cation resin will be subject to attack, and then only after the Internal

coating has oeen penetrated.

Therefore, the maximum gas-generation rate from corrosion is obtained

by assuming that 10% of the steel surface in contact with the resin mixture

reacts with sulfuric acid produced from raaiolytic decomposition of the

cation resin to form hydrogen gas.

The total neignt of resin determines how much steel 1s available for

corrosion. The total resin volume is 36 ft ; the inside diameter of the

cylinder is 47.5 in. Therefore, the height of the resin mixture is

35 inches. Tne iron surfaces that could react are the lower 35 Inches of

the 1/4-inch-tnick cylinder walls, and tne U.b3-inch-thick bottom of the

cylinder. The volume multiplied by the density of iron (7.87 g/cm )

gives the mass of iron that can oe corroded. The value computed is:

Hass of iron corroded (g)
■ 0.10 x [0.63 In. x 3.14 x (48 in.)2/4

♦ 0.25 in. x 3.14 x 48 in. x 35 in.] x (2.54 cm/in.)3

x (7.B7 g/cm3) « 3.17 x 104g. (C-16J

The molar weight of iron 1s 55.8 g. One mole of hydrogen gas will be

produced for each mole of iron consumed. Therefore,

Hydrogen generation
= 3.17 x lo g/t>5.8g/mole

■ 5bd moles. vC-17)

The SO., produced by radiolytic decomposition of cation resin will oe

produced at an exponentially decreasing rate with time. However, the coat

ing must oe corroded before the iron can be attacked, and the iron corrosion

products soon provide protection to the iron. attack at various locations

In the container would occur at different times, which would not neces

sarily ue closely coupled with tne rate ot proouction of S02< Therefore,

C-23
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a reasonable assumption is that the corrosion-related gas generation is

approximately constant with time. Thus, the resulting maximum corrosion-

related gas generation is 0.0052 mole per day.

The 0.0U52-mole/day calculation assumes that only cation resin is pre

sent. It ignores the mitigating fact that the pH must be less than 4.0 for

15
hydrogen generation to occur when iron is in contact with sulfuric acid.

Anion resin also is present in the EPICUR-II prefilters, and the alkaline

decomposition products of the anion resin tend to neutralize the acidic

decomposition products of the cation resin. Thus, the total amount of gas

generated by corrosion of the prefilter structure is much less than that

calculated.

C.8 Design Basis Gas Evolution and Pressures

The design basis calculation is identical to the best estimate, except

that the gas generation is assumed to be a factor of five higher to account

for uncertainties. The conservative gas-generation rate, radiation dose

deposition, and neglected oxygen scavenging are sufficient to provide a

conservative maximum estimate of the gas produced in the EPICOR-II

prefilter.

Figure C-3 presents the results of the design basis gas-generation

calculations. Computer output sheets are in Attachment 1.

The design basis gas-generation rate is 0.052 mole per day. The maxi

mum differential pressure that would occur if the vent system plugged at

HIC loading and never operated is 196 psid.

C.9 Findings

The primary result of this analysis is that a relatively low maximum

pressure buildup occurs in the HIC even if it is not vented, viz.,

39 psid. With a factor of 5 conservatism imposed on the gas-generation

rate, the maximum pressure buildup is 196 psid. A check valve vent system

that opened at 10 psid and closed at 3 psid would operate only 27 times
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during the 300-year HIC design life. Half of those operations would occur

in the first 32 years. Finally, the gas generated by a polyethylene liner

in the internal radiation field could increase the maximum differential

pressure by 10.6 psid. Although this increase in not large, it is a factor

to consider in choosing between polyethylene and other lining materials

that have lower gas-generation rates, such as polystyrene.
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ATTACHMENT 1

DESIGN BASIS ESTIMATE UITH 0 FT HEAD

DATA UNITS

RESIN VOLUME FEET"3 (TOTAL)

RESIN DENSITY CRAHS/CC (WET)

CATION RESIN HASS (GRAMS UET)

ISOTOPE

HALFLIFE YEAR

DECAY IJHNSTANT YEAR-1

ENERGY DEPOSIT E12 ERG/YR«CI

DOSE CONVERT RAD/YR»CI

CI FRACTION >5 YR Tl/2

ACTIVITY CI

rEARS TO CASK LOAD 2

DOSE TO CASK LOAD

36 CATION RESIN FRACTION .5

fEARS SINCE CASK LOAD

(1ST DAY)

1

2

A

6

16

32

64

148

25*

300

DATA UNITS

HALFLIFE VR

DECAY CONSTANT YR-1

DOSE CONVERT RAD/YR-CI

CI FRACTION > 5 YR Tl/2

ACTIVITY CI

.85INCLUDINC VOIDS TOTAL FOR

4332*6 ISOTOPES T 1/2

CS137 SR90 CS134 >5 YEAR

30 26.2 2.05 NA

0.02 0.02 0.34 NA

1.57 2.19 3.46 NA

36118 50543 79853 NA

0.95 0.05 1,00

1230 70 272 1300

CS137 SR 90 CSI 34 TOTAL

DOSE DOSE DOSE DOSE

I1RAD6 MRADS HRADS MRADS

87 7 32 125

CS137 SR 90 CS134 TOTAL

DOSE DOSE DOSE DOSE

NRADS MRADS NRADS HRADS

0 0 0 0

42 3 9 55

83 7 16 106

162 13 24 199

310 24 30 365

568 44 33 644

960 74 33 1067

1418 108 33 1559

1777 133 33 1942

1832 136 33 2000

1835 136 33 2004

CS137 SR90 CS134 TOTAL

30 28.2 2.05

0.02 0.02 0.34

36118 50543 79853

0.95 0.05 1.00

1230 70 272 1300

YRS TO CASK LOAD

YEARS SINCE

CASK LOAD

(1ST DAY)

1

2

4

8

16

32

64

148

256

300

CS137 SR90 CSI 34 TOTAL

DOSE RATE DOSE RATE DOSE RATE DOSE RATE

RADS/HOUR RADS/HOUR RADS/HOUR RADS/HOUR

4841 382 1259 6481

4730 373 899 6001

4622 363 641 5626

4414 346 326 5085

4024 314 84 4422

3345 258 6 3606

2311 174 0 2485

1103 79 0 1163

156 10 0 168

13 1 0 14

5 0 0 5
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14T4 UM I rs

MS bCN I.ME CC/CRAftS*E9KAD

RESIN vOt-unt IT*3 (CATION)

•>!<:•. DEnMTI CfcANS/CC

»1 U VOID FRACTION

TOTAL VOLIa<NE CUHC FT

x? FRACTION

rRS TO CASt LOAD 2

TEAKS SKE CASt LOAD

(1ST BAYI

1

2

4

8

14

32

IX

148

?5#

300

UNITS

17.31 CAS VOLUME 39.74 CU»!l FT

18.00 CATION RESIN 433294 CRAHS (WET)

0.65 FRACTIUN OF

0.40 HATER IN RESIN 0.47

41.30 C- N2 RESIN 0.50N0LECULES/1O0EU

0.67INITIA1 . CAS VOL 49.34 mole:

TOTAL UNVENTED

N0N-H2 H2 CAS CAS PRES

ROLE*. ROLES ROLES PSIA

0.02 0.03 .052135905932 14.72

4.04 12.26 16.29 20.05

11.44 23.46 35.34 25.04

22.00 44.68 64.48 34.21

40.31 61.64 122.15 50.44

71.2? 144.59 215.61 77.65

117.66 239.33 357.21 119.22

172. ?«. 349.72 521.96 167.43

714.40 433.70 650.30 204.96

221.04 446.62 669.69 210.72

221.43 449.37 671.00 211.04

DATA >OTS

hydrostatic m» n

r-tUlF C Ti PSID

t£LIEF SUIT PSID

1 a TO CASt LOAD

CALCULATED VALUES

0 HYDROSTATIC HO

10

3

UNITS

PSID

APPROX 1 NATE HAXIHUN

YEARS IETUEEN ISID IF

DIFFERENTIAL • RELIEF LIFTS RELIEF RELIEF FAILS

TEAKS SINCE CASt LOAD TOTAL CAS IS ID TO DATE LIFTS THIS TEAR

(1ST PAT) 0 0.02 0 2 194

1 5.35 0 2 191

2 10.34 1 1 184

4 19.51 2 2 177

6 35.74 4 2 161

1* 63.15 6 2 133

32 104.52 14 3 92

64 152.73 21 7 44

146 190.28 26 46 6

254 194.02 27 592 0

300 194.34 27 1641 0

LINE* VOLUME 52511 CC

LINER MAIIMUM LINER CAUSED

TOTAL L HYDROGEN PRESSURE PRESSURE

DOSE CCNERATION WITH LINER INO EASE

lEAfi* SKE CASK LOAD MfADS HOLES PSIA ESID

0 0 0.00 14.72 0.00

1 * 0.99 20.34 0.2*

2 12 1.92 25.60 0.5*

4 22 3.41 35.27 1.06

6 40 6.62 32.38 1.94

14 71 11.70 61.27 3.42

32 116 19.34 124.69 5.67

64 172 28.29 175.71 t.?«

144 213 35.25 213.30 10.31

254 221 34.31 221.34 10.63

300 222 34.37 221.66 10.64
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APPENOIX u

THERMAL ANALYSIS OF CONTAINER

0.1 Introduction

thermal analyses of aooveground storage and belowground burial

conditions nave been conducted. The guiding assumptions of four bounding

analyses are set forth below:

I. Case 1, Maximum Temperature Above bround

a. Decay heat

b. Maximum ambient air temperature

c. Maximum insolation

2« Case 2. Minimum Temperature Above Ground

a. Oecay neat

b. Minimum ambient air temperature

c. No insolation

3. Case 3. Maximum Burial Temperatures

a. Oecay neat

b. Maximum ambient soil temperatures

4. case 4, Minimum Burial Teaperatures

a. Oecay heat

b. Minimum ambient soil temperatures.

Ihe results of these analyses provide the temperature estimates shown in

Table 0-1 for the HlC.
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TABLE 0-1. HIC TEMPERATURES

Case

1. Maximum, above ground

2. Minumum, above ground

3. Maximum, burial

4. Minimum, burial

Predicted Temperature
>F)

Outer

Surface

Inner

Surface

165.2 165.5

-3y.7 -39.4

93.0 93.2

57.0 57.2

D.2 Thermal Model Characteristics

The container is idealized as a simple, right circular cylinder of

reinforced concrete, with cylindrical wall thickness of 6 inches and end

thicknesses of 11 inches. It has an inner diameter and height of 49 and

62 inches, respectively, as depicted in Figure D-l .a

Specific physical property assumptions of the model are as follows:

1. The inner liner of carbon steel is assumed to possess a

conductivity value of 26.5 Btu/hr-ft-°F (Reference IJ

2. The normal -density concrete is assumed to possess a density of

3
145 lb/ft (Reference 3) and a conductivity of 0.7 Btu/hr-ft-°K

(Reference 3)

3. The external -surface emissivity of the coated container is

assumed to be 0.9-0.96 (Reference 3), corresponding to white

(epoxy) paint.

a. The analysis was not repeated when the HIC outside diameter was

increased to 62.5 inches since the larger diameter tends to reduce the heat
flux. Thus, the existing analysis is more conservative than a new one

would be.
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652" 84.50

Figure 0-1. Idealized thermal model
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4. For aboveground conditions (Cases 1 and 2), free convection to

ambient air was assumed to obey the McAdam's film coefficient

4
relations for laminar and turbulent flow, as follows:

Laminar Turbulent

(Gr Pr < IO9) (Gr Pr > IO9)

Sides h = 0.29 |£p. h = 0.19 (aT)1/3

Top h = 0.27 &U h = 0.22 (aT)1/3

5. For belowground conditions (Cases 3 and 4), soil properties

defined in ES 50652B were utilized.

Results for all four cases were achieved using steady state analysis

methods. The decay heat of (8W) (3.41) = 27.28 Btu/hr is assumed and

applied to the steel liner. The conduction thermal resistance of sides and

ends is found as follows:

Side Resistance

D _ ln(ro/ri)
Rs

"

2nkL

In(30. 75/24. 75) . ln(24.75/24.5)
2* (0.7)(62/12)

+

2* (26i)(62/l2)
(concrete) (steel)

= 9.5b39 x llf3 °R-hr/Btu . (D-l)

End Resistance

R -H-
Ke tt'

A -
ir (49)2/(4)(144) » 13.095 ft2

0-6



Re
'

TT095 {*QT~ * °il%U ) " 10u,0to x 1U"J *K-hr/Btu ' (D"2)

0.3 Aboveyrouno Analysis

In addition to a constant decay heat, g.
• 27.28 Btu/hr, insolation

is applied to the cask surfaces in the Case 1, maximum temperature event,

as follows:

s .LJgBl.
■

<.!.>,»/!«« .JULgii. <»'-ffl«.»

■ V507.17 Btu/nr . (D-3)

This insolation value is applied to the exterior of the cask. In concept,

tne thermal analysis moael is as shown in Figure 0-2.

qs«9507.17 Btu/hr, qd»2 7.28 Btu/hr

oo

130°F,
Case 1

-40°F,
Case 2

Case 1

= 0, Case 2
/

Ambient

Environment

Outer

Surface

Inner

Surface

Figure D-2. Thermal analysis model

[ne resistors, R ano Rc, schematically
represent nonlinear radiation

ano convection heat transfer modes, respectively. Representation is as

follows:

0-7
'



Radiation

q
= K(To4 - Too4); o

= 0.1714 x IO-8 Btu/hr-ft2-°R4
r

£
= 0.9(hot, Case 1) = 0.96(cold, Case 2)

AT
=

A$
+

Ag
= 134.00 ft2

A. =
it (61.5)(84.5) = 16,326 in.2 = 133.37 ft2

Ae =^(bl.5)2 = 2,971 in.2 = 20.63 ft2

K =acAT
= 206.71 x IO-9, Case 1

K =aeAT
= 220.49 X IO"9, Case 2 . (0

Convection

q
= hA(To - Too) (D

where

h = film coefficient values defined in Section 0.2.

Selection of appropriate values for laminar or turbulent flow depends

upon the product (GrPr):

Pr = 0.72(100°F - 200°F, Air) (from Reference 3)
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br - «|i iTo - Too) l3; *^
" *•" * ">* " "»°F

(0.6)
M

■ 0.85 x 10 t? 200°F

For sides: L&
• £}-£ » 7.04 ft .

For ends: Lg
« ^y^ « 5.13 ft .

I To - Too) ■ 30-50°F .

Thus, the product (GrPr) can reasonably range from:

(0.7O(30j(5.U)3(0.b5 x IO6) « 2.5 x IO9 to

lU.70(M)j(7.U4j3(l.7o x lU6) • 2.2 x IO10 .

The flow, therefore, is turbulent, and appropriate film coefficients are:

Sides h * 0.19UT)1/3

Ends h » 0.22(aT)1/J .

The differing relations for side ana enas sum as follows:

,1+1/3
q

*

L>i|(T°
- T<*>)

(0.19 A, ♦ 0.22 AJ
C » £_ «

(u.!9)U13.37) ♦ (0.2<:)U0.b3)

AT 134.00

- 0. l*4o.< Btu/hr-ft2-°F . (D-7)
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Thermal balance at the container exterior is achieved by iteration of the

following expression:

f (To) =

q.
-

q «.

= 0
x '

Min ^out

q.
=

qJ + q
= 9534.45 Btu/hr, Case 1

^in xl ^s

= 27.28 Btu/hr, Case 2

qout
=

qr
+

qc
= KtT°4 " To°4) +

CMTU
" Too) (0"8)

where

K = 206.71 x IO"9 Btu/hr-°R4 (Case 1)

K = 220.49 x IO"9 Btu/hr-°R4 (Case 2)

C = 0.194b2 Btu/hr-ft2-°F

Ay
= 134.0 ft2.

The results for aooveground cases 1 and 2 are shown in Table 0-2. For both

cases, the total thermal gradient from inside to outside is less than

0.24°F:

AT =

qR
= (27.28) x -.—l-j- = 0.238°F . (D-9)

s e
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TAbLfc. 0-2. TtMPtRATOKt tXTKtMtS FOK ABOVtGKOONO STOKAbt

case

I. Maximum temperature

a.-. Minimum temperature

Air

Temperature
m

130

-40

Heat

jBtu/nr)

9534.45

27.28

Temperatures

m

Outer

Surface

165.21

-39.o7

Inner*

Surface

165.45

-39.43

a. Based on parallel sum of side and end conduction resistors, Rs ano Kg.

0.4 belowqround (Burial) Analyses

The analysis of a buried body generating Internal heat is properly

conducted using a periodic time domain solution with the body positioned at

appropriate depth in a semi infinite medium (soil). In this pure solution

format, boundary conditions are applied at the soil surface in the form of

periodically varying temperatures. The boundary temperatures would contain

both annual and daily fluctuations.

4

Since the High-Integrity Container is buried at considerable depth,

such rigor is not appropriate. A steady state solution has been applied

assuming soil temperatures at a given distance from the container are

constant. The container temperature is then found based upon the cal

culated soil temperature gradient and the assumed constant soil temperature

at a given distance from the container.

Since the containers are assumed stacked, adiabatic conditions have

been assumed at top and bottom of the container. Thus, the model reduces

to a one-dimensional (radial) model of a cylindrical soil volume. The

height of the soil cylinder Is assumed equal to the container inner height

(52 in. or 5.167 ft). The inner diameter of this soil cylinder Is

0-11



the container outer diameter (61.5 in. or 5.125 ft). The outer diameter,

where soil temperatures are assumed constant, is determined from a

calculated volume of soil. That volume of soil equals that required to

store the total annual decay heat of the container with an average 2°F

temperature rise.

The total annual decay heat is:

Q = (27.28 Btu/hr)(24)(365) = 238,973 Btu . (U-10;

The volume of soil to store this heat with a 2°F average temperature rise

is:

Q = CVaT* V = ft-r
p C aT

V =

(0.2)(90)(2)
= 6'638 ft " <U"11J

But,

1/2

i (°02 - Di2,

°o
- <S + >{>

=

tf((s!?S)) + (5'125)2J1/2 = 40'8 ft . (U-12)

The temperature differential across the soil disk is:

4

AT - gR -

a x
° 1

-

?l ?h M40.8/b.l25) . , .,.,..-
,...,.Al qK qx

2nk L
27'28

2w(fl.25)(5.167i
~ 6'97 F ' ^'Ui
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The temperature differential across the container wall is:

aT •

qK$
- U/. .;<>)(¥. bto3!i x IO*3) - 0.2b°F . (U-14)

As a bounding check on the assumed soil diSK diameter, consider conduction

from this disk to the ground surface. The expression is:

q
« kSdT ♦ aT «

£5 (0-15)

mnere

■ 0.«:b

4.45 0

1
bT67Z

197.34

D • 40.8 ft

Z * 9u ft (maximum burial depth).

Ine ioil disk -to-ground surface differential is then found as:

»T '

(uJ?(fo.34> " °^f ' IU"16J

This small -magnitude temperature rise is "lost" in daily temperature

variations and demonstrates adequate soil-to-surface heat transfer exists

to support the assumptions of this analysis.

Results for belowground Cases 3 and 4 are shown in Table 0-3.
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TABLE D-3. HIC TEMPERATURE AFTER DISPOSAL

Temperature

m

Soil Outer Surface

Case (Ts) (To) Inner Surface

3. Maximum temperature 86 93 93.2

4. Minimum temperature 50 57 57.2

D-5. References

1. L. b. Shappert, Cask Designers Guide, 0RNL-NSIC-b8, February 1970,

p. 84.

2. R. C. Reese et al., ACI Code 318-63, paragraph 1102, 1963.

3. F. Kreith, Principles of Heat Transfer, 3rd Edition, Intext

Educational Publishers, 1973.

4. J. P. Holman, Heat Transfer, New York: Mcbraw Hill Book Co., 19b3,

p. 168.
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APPENOIX E

VtNOOR EVALOATION TtST RtSOLlS

E.l Introduction

Detail test requirements and procedures are established in NuPac Pro

cedure PT-04. AH test results are summarized in NuPac Inspection Instruc

tion and Report, tP-lb, Revised August 20, 1982. This appendix briefly

describes tests performed and summarizes significant findings. Findings

are grouped into the following categories:

I. Vent function

2. Lifting and handling

3. Seal Integrity

4. Handling accident events (drop and penetration).

E.2 Vent Functional Tests

Vent tests conducted using the setup shown in Figure c-l were

performed as follows:

1. Measurements of airflow rate under a 10-psig internal pressure

differential.

Air-flow remained constant over tne four-hour measurement period:

S/NOOl 0.469 to 0.476 cm /s

S/N002 0.093 cm3/s

Acceptance criteria: >0.0U5 cm /s.
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Figure E-l. Vent function test setup.
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i:. Proof test at 40 psig Internal pressure for one hour. Flow rates

were

S/NOOl 0.527 cm3/s
S/N002 0.0*4 cm3/s
Acceptable criteria: no rupture.

3. Water flow at 10, 20, 30, and 40 psig external pressure differen

tial. Those tests consisted of a "soak" time of two hours at

pressure, excepting the first 10-psig application, which soaked

14 nours. Water flows were as follows:

Pressure

IPS**)

i/IVJsJi

(cm3/h) S/N0O2

1U None None

20 0.042 None

30 1.7b None

40 5.25 None.

Final airflow measurements under a 10-psig internal pressure

differential:

S/NOOl 0.449 to 0.477 cm3/s
S/N002 0.038 to 0.091 cm3/sa

Acceptable criteria: >0.0135 cnr/s.

Test results satisfy all applicable criteria and requirements. The

variabilities of water-head retention and gas flow rates between S/NOOl and

S/N002 ire pronounced but appear characteristic of the porous polyethylene

a. About two hours Into the test, the filter clogged for a short period,
then commenced to clear. It behaved as if a globule of water or other

substance temporarily blocked the filter.
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filter media. If large quantities of filters are built for this function,

added process controls during fabrication are needed. For small-volume

procurements, a trial -and-error selection process is more appropriate.

E.3 Lifting and Handling

Lift proof tests at 150* of working loads on all hardware were con

ducted in accordance with written load-test procedures. All tests of

reusable hardware involved lifting known or measured loads. All tests of

disposal hardware (container and lid) employed geometric setups that

ensured the proper weight was applied to the loading device. Figure E-2

shows typical test arrangements. No distress or damage was observed in any

of those tests; all hardware performed precisely as designed.

The compatibility of system components is shown in Figures E-3

through E-b.

Compatibility and function check measurements indicated the following:

1. Body to EPICOR-II liner

a. Radial clearance: 7/lb to 1-11/16 inches

b. Vertical clearance: 1/8 inches

2. Lid-to-body radial clearance: 3/4 to 1-3/4 inches

3. Plumb angle: 3/8 inches in 48 inches = 0.45 degrees.

E.4 Seal Integrity

Sealing was accomplished, and the container cavity was pressurized to

lU psig and held in excess of one hour with no pressure drop. All sealed

surfaces and areas were soap bubble-checked per ANSI Standard N14.5; no

E-6



Figure E-2. Load testing.
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82 - 7576

Figure E-3. Compatibility—body and abrasion liner.
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Figure E-4. Compat1b1l1ty--load collar and body.

L-y



82-7763

Figure E-5. Compatibility—EPICOR-II, load collar, and body.
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Figure E-6. Compatibility-lifting fixture, lid. and body.
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leakage was detected. Both detection techniques demonstrated the container

is leaktight to at least 1U psig.

E.5 Handling Accident Events (Drop Penetration)

The test events described herein consist of:

1. A corner impact on an unyielding surface from a 3-foot height

2. A 40-inch penetration pin drop on the container sidewall.

The events demonstrated the ability of the container to withstand Type-A

normal conditions per 10 CFR 71. The package survived the Type-A tests

with little damage and full retention of all functional capabilities.

The corner drop test employed a lifting bar that rotated the container

to 42 degrees with respect to vertical. That angle was selected to cause

the container to topple over following corner impact, striking the lid

closure region in a "slap-down" impact. Analyses demonstrated that "slap-

down" impact in conjunction with corner impact was the "most severe"

orientation for the package.

In the drop test, the lifting bar produced modest local distress in the

concrete adjacent to the lift lug eye due to the introduction of lateral

prying forces at the lightly reinforced top edge. Moderate cracking devel

oped as a result of those lateral forces just as soon as the container was

hoisted at an inclined angle.

E.5.1 Three-Foot Corner Drop

Figure E-7 illustrates the drop test setup just before and at the

instant of impact. The drop pad or "unyielding" surface consists of about

200,000 pounds of concrete topped with a 1-1/8 inches of grouted steel

plate. The container is attached by a "quick release" latch and supported

by a mobile crane.
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Figure E-7. Three-foot corner drop,
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Resultant damage from the 3-foot drop is illustrated in Figure E-8.

The top photo indicates a crush, or crumble zone at the point of initial

impact, characterized by a 24-inch flat. Concrete on the sides spalled

away from the hoop reinforcement for a height of about 12 inches. A small

hairline crack was visible on the top edge of the concrete body sidewall.

The epoxy grout (top surface) shows a circumferential hairline crack from

the location of the lug eye to the body sidewall crack. The lower right

photo shows distress around the lug eye caused by lift-fixture prying

forces. None of the observed distress compromises functional performance

of the container.

E.5.2 Penetration Test

The 40- inch -penetration pin drop test was conducted with a pin of

proper size, shape, and weight, as defined in applicable regulations (see

Figure E-9). Results showed no damage to the container. The impact pro

duced a whitened impact zone on the concrete surface, which measured about

0.5 inch in diameter.
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Figure E-b. Oamage-3-foot drop test.
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Figure E-9. Penetration drop test,
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APPENDIX F

ANALYSIS OF CONTAINER VENTING

Preliminary analysis of the container vent material indicateo that gas

flow rates greatly exceeding the needed 0.052 mole per day coulo be

obtained with porous polyethylene disus of b- to 10-micron pore size. The

analysis was based on manufacturers' flow data. However, tests on the vent

configurations using porous polyetnylene showed that the filter disk could

not stop water flow at pressures greater than 1 or 2 psi. Since that flow

■as not acceptable, further testing was conducted using filter material

with a 1-micron pore size. No data are available from the manufacturer

concerning airflow capabilities, so the final vent configuration was based

entirely upon the test results obtained.

A fixture was constructed to allow testing of different filter

materials and thicknesses. As shown in Figure F-l, the filter stack was

placed between the two oolts, and the bolts were tiyhteneo slightly,

putting a compressive load on the stack to ensure sealing at the top and

bottom. Pressurized air or water was applied to the top surface of the

stack through the passage drilled in the center of the bolt. Air or water

that moved laterally through the filter material flowed to tne annular

space between the filter stack and chamber wall. This space was vented to

the outside as snown, thus preventing any pressure buildup and suosequent

leakage into the outlet passage, and ensuring passage of air or water

entering the outlet through the full length of the filter stack.

Pressure applied to the upstream side of the filter stack by means of

the apparatus shown in figure r-t is accurately controlled with tne

regulator and gauge in the line. In order to apply a hydrostatic load on

tne filter, the input line attached to the test fixture is disconnected at

the elbow, partially filled with water, and then reattached. The line then

is pressurized to the desired value, resulting in the desired hydrostatic

pressure at the filter.
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Inlet

Filter Stack

Vent

Outlet
*

Figure F-l. Test fixture,
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Pressure

Gauge

Inlet A

9100 ps
caiure

Regulator

W

Filter/

Dryer

'-^=C\
Valve

Test

Fixture

Figure F-2. Test apparatus.
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Flow through the filter stack is measured in two ways. For water

flow, the outlet line is inserted into a small, graduated cylinder. The

volume of water flowing through the filter stack in a given amount of time

then is measured. The volume of air passed through the filter in a given

length of time is measured by displacing a water column in an inverted,

graduated cylinder.

Test results are given in Table F-l. As shown, the airflow tests are

conducted for stacks of two, three, and four layers of 1/16-inch filter

disks. Also, flow rates for each of the above cases is recorded for 5-,

10-, and 15-psi pressure drops. As expected, the flow increases with

decreasing stack height and increasing pressure drop. Note that the flow

rates shown are well above the required 0.052 mole/day (0.0135 cm /s).

Therefore, an increased stack thickness and/or a decreased pore size could

be tolerated.

Results of the water flow test also are given. Results are for a

stack of 4-1/15-inch-thick disks. The flow rate increases greatly

between 10 and 20 psi. The water flow rate at 10 psi is below the

3
allowable 0.3b cnr/h, so that configuration could be used for pressures

of 10 psi or lower. Decreasing pore size will allow higher pressure, but

data are not sufficient to predict the allowable pressure versus pore size.

The airflow test data given in Table F-l are used to predict the flow

rate of the design vent assembly given in NuPac Dwg. EP-<iO-ObU. Using four

layers of 1/16-inch material, a flow rate of 0.26 cm3/s is reached at a

pressure of 10 psi. Extrapolating, using the flow values for two-, three-,

and four-layer cases to define a Curve, a value of 0.17 cm /s is

calculated for a five-layer stack. That value is considerably above the

3
required 0.0135 cm /s at >0 psi; therefore, it will allow use of

0.5-micron material instead of the 1-micron used for the above testing.

Further testing was carried out using the design vent assembly with

1-micron material. Results of tests on prototype units are summarized in

Table F-2.
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TABLt F-l. TEST UAlA

Air Flow

Filter Disk

Pressure

IPS')

Flow

(cm3/s)

2-layer 5

10

15

0.41

0.94

1.42

3-layer 5

10

15

0.17

U.40

0.60

4-layer

Water Flow

5

10

15

0.07

U.26

0.44

Filter Disk

Pressure

IP**)

Flow

lcm3/h)

4-layer 10

20

0.3

3.0

TABLt f-2. PROTOTYPE TEST RESOLTS

S/NOUl S/N002

Initial gas flow (cm^/s)

10 psi

40 psi

0.470

0.527

0.09J

0.094

Final gas flow (cm^/s)

10 psi 0.4&4 0.038

water flow (cmJ/h)

10 psi

20 psi

3u psi

40 psi

None

0.O42

1.75

5.25

none

None

None

None
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Water infiltration rate to fill a HIC in 300 years is 0.33 cm /h

(see Section 3.2 of main report). Interpolation of data for S/NOOl gives:

Required pressure, psi 24

Hydrostatic head, ft (m) 55 (16.8).
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APPENOIX G

SHIELDING ANALYSIS ANO ANALYSIS OF

RmuImIION OOSt TO CONTAlNtR MATtRlAL

6.1 Radiation Source

The radioactivity in each EPICOk-II liner is attriouted to the

following isotopes:3

70 CI

2U U

U30 li.

Ine oeta and gamma sources corresponding to these isotopes are listed in

Table 0-1. Five of the six gamma-energy groups are attributed to Cs,

with a half -life of 2.05 years. The 0.6o-MeV energy group, however, is

attributable to Cs, with a half -life of 30 years. The latter energy

group contains the highest gamma activity and is responsible for most of

tne gdjima dose rate, both on the HIC interior and exteridr. The beta-

energy groups, with the exception of the 0.66-MeV group, ire attributed to

9uSr (and its daugnter yuY) and ,37Cs, with half-lives of 28 and 3U years,

respectively. Therefore, most dose rates from both beta and gamma activity

are due to the longer-lived isotopes.

G.2 HIC Shielding Configuration

The geometry of the Hit is illustrated in Figure u-1, as modeled for

shielding calculations. The ion-exchange media are contained within a

0.25-inch-thick EPICOR-II liner. Mpproximately 36 ft of ion-exchange

material is contained in the EPICOK-II liner. The HIC has a U.2b-incn-

tnick steel inner lining, which is coated with an organic sealant. The

b inches of concrete .assumed 147 lb/ft ) in the wall of the HIC, and

II inches at top and bottom provide some shielding.

a. this assumption is used to conservatively envelope the typical, or

representative values given in Table 1 of EG&G Specification LS-00652B.

90Sr

134Cs

137Cs
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TABLE G-l. ASSUMED RADIATION SOURCE FROM AN EPICOR-II PREFILTER LINER

Gamma Source

Energy
(MeV) Photons/s

1.365 3.4E11 x IO11
1.17 1.9E11 x IO11
1.04 l.OEll x IO11
0.80 9.9E12 x IO12
0.66 3.9E13 x IO13
0.61 9.8E12 x IO12

Beta Source

Energy
(MeV) Betas/s

2.27 2.6E12 x IO12
1.18 3.2E12 x IO1*
0.66 1.0E13 x IO13
0.55 2.6E12 x IO12
0.51 4.6E13 x IO13
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lead vent filter

shielding cavity,
1.25 in. 1 in. dia\

depression for

lifting eye

3.75 in. dia.

\

fluid trap

.cavity,
1 in. dia.

x 2.5 in.

a.
resin bed "36 ft

49"

T—t"

<a

6"

1 i
'

V

1

ordinary
concrete,

U47#/rr)

cask steel

'liner 0.25"

.inner canister

0.25" thick

Figure G-l. High-Integrity cask shielding configuration.
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The top of the HIC is a concrete I1d sealed in place with a bonding

agent. The lid is 11 inches thick and contains a vent system that includes

two cylindrical cavities, each 1 inch in diameter by 2.5 inches long. One

cavity is located along the HIC centerline and contains a filter assembly

that is shielded on all sides by 1.25 inches of lead. The other cavity acts

as a collection vessel for trapped fluid and is unshielded. Three depres

sions, located at the top of the lid (as shown in Figure G-l) provide clear

ance for the lifting eyes. The depressions are hemispheres 3.75 inches in

diameter.

b.3 Source Configuration

Three cases were analyzed to ensure bounding of the actual source

distribution:

1. A uniform activity distribution through the bed; the average

3
density of the resin is specified as 0.865 g/cm

2. A concentration of the activity in a 15.24-cm (6-in.)-thick layer

at the top of the bed, the layer consisting of zeolite at a

3
density of 0.62 g/cm

3. A uniform concentration of activity in the upper half of the bed

to match computations of dose rates by General Public Utilities

Nuclear (GPUN) taken from bottom to top on a full EPICOR-II liner.

G.4. Calculated Dose Rates to the Coating of the HIC Inner Liner

The dose rate to the inner coating of the HIC was calculated to esti

mate the total integrated dose to that layer. All three source cases were

considered. The steel EPICOR-II liner will effectively prevent any signif

icant beta contribution to the HIC dose rate, but since the tPICOR-II liner

may rust away, that liner was ignored and the dose contribution from beta

radiation was also included.
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Figure 6-2 illustrates the calculated dose rates to the HIC Interior

coating for a uniform distribution of activity. For the uniformly distrib

uted source case, dose-rate calculations for the top inner corner of the

Hit, which represent the amount of radiation that would reacn tne lid bond

ing agent, are included. The maximum dose rate was calculated to occur

along the HlC wall at the midpoint of the resin bed for that case.

Figure 6-3 illustrates the calculated dose rates to the HIC Interior

for an activity concentration in the 6-inch-thick layer of zeolite at the

top of the resin bed. Figure G-4 Illustrates the dose rates calculated for

an activity distribution in the upper half of the resin bed.

G.5 Calculated Oose Rates to the HIC Exterior

Figures u-5 through 0-7 illustrate the dose rates calculated at speci

fied points over the exterior of the HIC. The four lid points are at cen-

terline, above tne fluid-trap cavity, ano in the depression of each lifting

eye. Points along the container wall are evenly spaced between the top and

bottom, ano the three points on the bottom are at the edge, centerline, and

halfway between.

The lowest dose rates to the exterior of the HIC were calculated for

the uniform source distribution in the resin bed, with a maximum dose rate

of 74 rads/h near the midpoint of the resin beo. The highest ddse rates

were calculated at a maximum of 172 rads/h for the source concentrated in

the 6-incn zeolite layer, whicn is also the most realistic source to

represent the 50 EPICOR-II liners.

G.b Total Integrated Doses to the Hit. Inner Coating

Trie total integrated doses to tne inner Hit coating are summarized in

Taole tw fdr the three source distributions. The integrated doses are not

in exact proportion to the calculated dose rates to the inner MIL coating,

since the different half -lives of the contributing isotopes must be

considered.
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Dose to vent filter

11.9 R/hr (gamma)
(beta negligible)

Minimum dose to

sealing agent

(gamma only)
87 R/hr.

133 R/hr.

aximum dose

to liner coating
581 R/hr (gamma)
136 R/hr(beta)

Figure G-2. Dose rates to coating of inner cask liner; source uniformly
distributed through bed.
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Oose to vent filter

32 R/hr (gamma)

s. at

z\y
—

'.
—

TV-/

:-Q--0'v-.*
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Figure 6-3. Oose rates to coating of Inner cas< liner; source

concentrated in 6-1nch-thfck zeolite section at top
of resin bed.
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Figure G-4. Comparison of measured dose rates along wall of inner canister

and calculated dose rates assuming activity is concentrated

in the upper half of the resin bed.
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Figure G-5. Oose rates to HIC exterior (gamma only); source uniformly
distributed through bed.
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Figure G-6. Dose rates to cask exterior (gamma only); source

concentrated in the 6-inch-thick zeolite section

at the top of the resin bed.
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Figure 6-7.

:.-. R/hr 0.66 •>■ hr

Dose rates to cask exterior (gamma only); source concentrated

in the upper half of the resin bed, based on measured dose

rates at TMI.
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TABLE G-2. SUMMARY OF TOTAL INTEGRATED DOSE TO HIC INNER COATINU

Assumed Source Distribution

Uniform distribution over resin bed

Integrated Dose

(Mrads)

170 (gamma)
42 (beta)

212

Activity concentrated in the 6-in. zeolite

layer

560 (gamma)
370 (beta)

Activity concentrated in upper half of resin bed

930

300 (gamma)
85 (beta)

385
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APPENDIX H

ANALYSIS OF CONTAINER STRENGTH

These design analysis notes have been modified by two addenda at the

end of the appendix. Addendum #1 reflects replacement of the three

4T Swift Lift Body anchors with two exposed stainless steel (316)

fabricated eyes. Addendum #2 is a prediction of container strength

increase with age.
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APPENDIX I

LIFTING AND HANOLING ANALYSIS

l.l Introduction

Lifting and handling equipment are defined on Dwgs. tP-70-01b,

".Spreader Bar Fabrication Details," and EP-70-02D," Lift Links Fabrication

Details."

1.2 Spreaoer Bar, Drawing EP-7u-ulU

Tne spreader bar has been checked for a fully loaded container weight

of 17,200 pounds. The force imposed upon each of the beams (Item 1) under

a normal lift is

Shear, V , 17t^*J
]b

. 8t600 1b (1-1)

M<»ent, M - 8,b0u lb (57.75 in./^J - 24B.325 in. -lb (1-2)

The beam. Item 1, is a y 10 x 26 with section properties of

S - 27.9 in.3 U-3J

2
n • ^u.^bU; (10. jj)

■ 2.69 in.

Stresses and margins of safety, using allowables from AISC, Section 1.5 for

ASTM A-36 steel iTable 1-1) are

fb *&%ffi • 8. 901 psi U-«)

MS. • ftbr- - i • +0.43
T> tt.90
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TABLE 1-1. ALLOWABLE STEEL STRESSES

Stress Type Symbol

Tension Ft

Shear FV

Bending Fb

Bearing FP

Normal Lift

Allowable Stress (psi)

0.6 Fs
a :' 11 ,600

0.4 Fs
X 7, 730

0.66 Fs
s 12, /6U

0.9 Fs
E 17, 400

a. F$
* £ . M1n -^ ,

■— - 19,330 psi (A-3b)

fv Bf?|= 3,197 psi

"•S'xS"1 a+1-42

Connecting flange welds are full penetration, possessing the same stresses

and allowables. Web welds are double fillets with greater strength than

the full -beam-sect ion capacity.

The primary lifting eye (Item 3) 1s a 6.6-inch-wide plate 1 inch thick,

with a 1.5-inch-diameter hole and 2-inch margin. Using a conventional

40-degree tearout relation, the capability of the lug at limit stresses is

PL
- 2 Fyt (Em

- d/2 cos 40°) (1-5)

= (2) (7,730) (1.0) (2 - 0.75 cos 40°) * 22.03B lb .
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Net tensile area and associated limit tensile capacity ire

A. • (b.6 - 1.5) (1) ■ 5.10 in. (I-b)

PL
• (5.1u) (11,600) • 59.20U lb . (1-7)

Minimum primary lift lug margin Is

N.S.L
» H^- - 1 - *0.2b . (1-8)

Lift lugs of tne container body (Item 2) are similar in lug snape excepting

thickness is reduced to 0.50 inch, edge margin to 1.75 inches, and hole

diameter to 1.44 inches. Three and one-half-inch-square cheek plates are

provided on both sides of the lug. Limit capacity 1s

PL
• (2j (7,730) (l.*5) v1.7d -^ cos 40°) (1-9)

- <.3,160 lb .

Net tensile area and associated limit tensile capacity are

AT
• (6.6 - 1.44) (0.5) ♦ (3.5 - 1.44) (0.75) - 4.125 in.* (1-10)

P - (4.125) (11,600) ■ 47,850 lb . (1-11)

Minimum oody lift lug margin is therefore

£!4£- 1 » +1.69 . (1-12)
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1.3 Lift Links. Drawing EP-70-02D

All elements shown on this drawing are standard components with safe

working load ratings prescribed by manufacturers. Table 1-2 presents

margins of safety based upon those values. Manufacturers' data sheets

follow the table.

TABLE 1-2. MARGIN OF SAFtTY

SWLa
Design Margin
Load Of

Item Component (lb)

5,320

(lb)

844

safety

1 Wire rope, 0.50-in. • ♦5.30

2 Master link, 1-in. « 20,300 2,531 +7.02

3 Socket, 0.50-in. • 5,320 844 +5.30

4 Shackle, 3-1/4T 6,500 844 +6.70

5 Eye hook, 4-1 /2T 9,000 8,600 +0.05

6 SL eye, 2T 4,000 844 +3.74

7 Link, l/2-1n. chain 11,250 844 +12.33

8 Socket, 0.75-in. « ll,7b0 8,600 +0.37

9 Wire rope, 0.75-in. • 11,760 8,000 +0.37

10 Socket, 0.75-in . * 11,760 8,600 +0.37
11 Shackle, 4-3/4T 9,500 8,600 +0.10

a* Where breaking strength given, SWL s 1/5 break.



September, 1982

HUSKY Hue/white IWRC

Cttra la****** roam 4aaaA - II i Cotaanm tuaatmrn

doolie HUSKY Ctod* Hit* wan* Stiond •• ptopotly Pi*

l«»«t IniantaUy latbocotad sad bat tm ind*p*nd*m w»*

Mp* eete ts is available ta R*gulai la-, et Lang lay
the toN* tA*s.>M, tt>me>n th* t • 19 cla**tt.cairon top*, ai lb*

tallowiag «ni* tame comttuctaocw

t.tsr iwrc t.nr iwrc t.itc iwrc

t.no iwk

B>i-.
b>

*
V i.a... Ajrft.. a..gl>' t,..fe *a Sr*.

-.tr_.* :*.-... ro- !■-.;■ ..To. . • c»

i 4 lit 3 40

& 1* IM ii'

J 1 I>C Til

1 It 11 101

1 i : 46 11 J

!'
'

» l»~ 19 161

S • *".* 20 t

] 4 1 04 I:- 4

7 • 1 t: 398

1

'

;' 1*1 li 1

1 1 • :i* 610

1 1 4 in *» 9

1 3 t

7 1 2 "T~

!U 96 0 i

i :t 1)4 0

IS! j it* IK 0

1)4 1 it7 113 0

1
-

1 tSO t'a 0

* *
» ™4»o

111 8» :.<o 1

(Tl IM .47 u

112 lit *»c

IMl 140 XI 0

HUSKY llue/wkite STRAND IWRC

f tiro Immnttomi Plow $♦*•(

rw mho h*o*y duly. provldlag a hlgh*t *al*ty factor

Husky Xu* whit* Sitand' ha* li'i 91*01*1 ,tt*nglh than

l»l*d lot S<*p*i*i»l and 1* ut*d lot timtlai putpo***
Th* wit* u**d tn Hu*by Blu* whit* Sttand 1* dtown ItotB

*p*cial *i*«l Spatial diowmq piarttc* u*u>g tit* mo»i mod*tn

Kivnitlic *o,uipa>*ni a**ur*i mpatlativ* high ,n*ngth obia

■ton imdanr* ond lattgu* t**i,tlng ptop*rll**
Poctlic Hutky giad* t» piop*tly PRElotm*d lni*tnolly

Lubncal*d. and ha, an md*p*nd*ni wit* tap* rot* It M avail

obi* la R*gu]at lay ot Lang Lay
Tb* tobl* b*low cov*ra th* 1 1 3* rloMilwoticn tcpa* el th*

lollowing wit* top* con*ttuct.on«

t ■ JtC IWRC. I a 4IT IWRC t ■ 4tr IWRC

t ■ 4tfG IWRC. 1 1 4*C IWRC

D<«».*.r Appro. W..,ht Br... ..9 S.r.tgrt-. I

in larfia* P*t taml .•Tpb.oi .'■-<*- .b.

1 i lit 3.4U

1 It 180 1.'

3 a 260 711

7 it .34 10.

i 2 4t 133

9 it 19 16 a

i » i ■>: 20 6

3 4 1 04 29 4

7 1 I '■" 39 8

l_ ! i»i 117

1 1 B 2 34 610

J 1 4 : 99 -ii

1 ) 1 350 960

1 1 : 4 IS II. 3

1 1 •__ 4 SB i3;o

1 3 4 187 113 4
17 a 610 174 0

2 '39 I960

2 1 1 a 31 2210

. 1 4 936 247 0
_

2 I : lit 302 0 I

23 4 140 361 0

3 16 6 4210

31 • iao 418 0

SUPER -7 ••■•/whit* Stroud IWRC
..■larir-l.'.. •»• . I P *aAOA»

SUPER? ni top* t. o HCW ronrvpi r. wu* top* dwnjii

ruin nlly 0 coimw, ol •*•»•> top* Miaad* a* Um nam* trnplw*

>w. «"a.> M»d mound a : >.

Ctmemoed a* aa ini*im*da<w* top* banw**n th* j.uo: fc

Mraad sad t*ticmd top*, a ho* b**n p«o«*d by nasu't

li»it irws tofcotoiory i*«» to b» on >d*al ALL PURPOSE top*

"SUPEJI7 . r* top* cotsbtn** 1* OWE wit* top* ALL th*

data at 1* ctroon*taMaca on* look, lot in o wu* top*
- high

«r**rk and hagh abioaaon *,.<*■ good lot>gu* hi* HanAbtliiy

frm* ptAobAl.-y mri-tt Mobility tugg*dn**« and i**i*utnc* to

ammmttmo,

ALL PURPOSE -■ SUPER ' crm~o dowi «o b*.nij an all

pupa** rap* *aa oay
» • top* ».»t .-> ■•■■ .' " ■■»-■ U » a

mm 1 enirtA m.to top* p -a, at. iad*p*nd*m »■?• top* cot*

Tha* oppfooefc** Om ll**ib-..'y ol 8*itoud top* and tb* lotigu*

HMMK, ol *••" *ap* and lb* tuggadn*** al 6,19 top*

juper r* hustt crape iwrc

».... a( S....i,'Ia!DA.. . . A 1 a '" a

IB> AAA*
'
• • ► .. f;

1 ■* i*

? « ta

7 Ik Vj

Ui *.

»-.* !.■•

i » 7;

3 4 1
'

1

1 » ; t.

»..
■. .^m. ,

1
* 1 81

1 1 • .' 14

1 : 4 2M

13 » ISO

1 1.2 « 1*

f 1 « IM

1 ) 4 if

11* !

7 44

10 1

13 1

ll i

2t- 1

29 0

19 1

ll 0

64 2

78 1

949

1120

1)10

n; 0

SUPER-7

MONO-LAY EXCAVATOR ROPE

Long Loy HUSKf IWRC

SUPER 7 Mono Lay Room rhboUM lb* pto»*n SUPER 7

quaJiu**. 37 »>ii ll*itbtlity. MoooLay IWRC conaiructton and

HUSKY Ctod* w.iaa to ptoduc* o top* having th* gt*ai**i bal

one* al Mivagth. Itnlbtllty. and Mobility ol all lb* top** In lb*

Padlic lamlly.
Th*** top*, d*riv* ih*n optimum ,lt*ngth Itom tb* lad thai

lb* IWRC 1, to tnt*gtai*d with lh* out*t »»v*n top* •ttand,

Ibal th* lan*t at* po*mv*ly *uppott*d ot aadl*d in lh* valltyi

ol th* Mv*n out*i ationd* ol th* IWRC Thu l*atut* giv**

masimum top* (uppoil and. con»*qu*nlly. gi*ai*,t poMlbl*

■n*r.4th

Ptlncipal u*** lot SUPER 7 Mono Lay Rop** at* Im h*avy

duty ••rovotoi, paitAfMloily a* honi top** 00 »ho»*l, and

diogtrnaa*

Ti Hf PRDetawd Ua« Lay HOIIT MONO LAV wilk

l«l*«f«t*4 84lra*d IWRC

Ipi" Bi.aa.^u ^<).f.0.h

I, T ..a ol J IK* Iba

I'l

I'a

I
'

I

I a

2 01

2 14

3 II

3(0

• 12

131

lit

»0 J

864

104

173

144
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A-342

WELDLESS ALLOY MASTER LINKS

FORGED ALLOY STEEL - QUENCHED & TEMPERED

September , 1932

["•TOOK
OUL

-

"

A

'

• e D t
WEIGHT

EACH

WORK LOAD-

SINGLE PUU
POUND*

1/2 2.50 5 00 350 6.00 81 4.100

.
5/8 3 00 8.00 4.25 7.25 1.5 5.500

rs.
3/4 2 75 550 4.25 7 2 8.600

R> 1 3.50 7.00 5.50 9 4.6 20.300

Vs 1 1/4 4.38 8.75 6.88 11.25 9.2 29,300

1 1/2 5.25 10.50 8.25 1950 15.7 39,900

1 3/4 6.00 12.00 9.50 15 50 24.5 52.100

2 7.00 14.00 11.00 18.00 381 81,400

+2 1/4 8.00 16.00 12 50 20.50 548 99.500

f2 1/2 8.00 16.00 13.00 21.00 71.6 122,750

T2 3/4 9.50 16.00 15.00 2150 877 148,500

t3 9.00 16.00 1500 24.00 "5 190,000

f3 1/4 10.00 2000 16.50 26.50 145 218.500

t3 1/2 12.00 24.00 19.00 31.00 200 232,500

'Minimum Ultimate Strength Six times working load limit

fWelded Master Link.

A-336

LOK-A-LOY® 6

ALLOY CONNECTING LINK

FORGED ALLOY STEEL - QUENCHED & TEMPERED

(US PATENT NO. RE-27620I

M

CHAIN

INCHES

WORKING

LOAD

LUIfT POUNDS

A ■ e D E P

DIA. HOLE

TO ACCEPT

MALE LEG

WEIGHT

EACH

POUNDS

1/4 3.250 .31 2.05 1.66 .87 82 90 49 .25

3/8 6,600 .45 2.72 2.30 1.16 1.08 1.22 .65 .50

1/2 11.250 58 3.33 3.13 1.42 1.40 1.56 .87 1.10

5/8 16.500 .78 3.92 3.94 1.67 1.67 1.86 1.05 220

3/4 23,000 89 4.84 4.44 2.09 1.87 2.19 1.18 4.00

7/6 28,750 1.00 5.82 5.28 2.54 2.12 2.50 1.38 5.75

1 38,750 1.08 6.48 6.07 2.84 2.55 2 93 1.47 753

11/4 57,500 1.38 8.49 7.65 3.77 3.52 3.99 1.73 15.00

Ultimate Load is Four Times Working Load Limit

Alloy Sling Chain Assembly Charts

1*10"
CHAM

A

MASTtN

UNK

■

ItMTBI

UNK

■C

LOK-A-LOY

UNK

O

MASTER

UNK

1/4 A342- 1/2 A342- 1/2 G336- 1/4 A342- 3/4

M*v* A342- 3/4 A342- 3/4 Q336- 3/8 A342-1

1/2 A342-1 A342-1 G336- 1/2 A342-1 1/4

ft.«/» A342-1 A342-1 1/4 Q336- S/8 A342-1 1/2

3/4 ■ A342-1 1/4 A342-1 1/2 Q336- 3/4 A342-1 3/4

Mfipm. A342-1 1/2 A342-1 3/4 G336- 7/t A342-2

rr A342-1 3/4 A342-2 G336-1 A342-2 1/4

►"IM A342-2
'

A342-2 1/4 0336>1 1/4 A342-2 3/4

1-8



SPELTER SOCKETS - FORGED STEEL

Revision 1

September, 1982

'•*i or exceed federal Specification RR-S-550 Spelter socket terminations nave an efficiency rating of 100% This rating

ssed on tne catalog strength ot wire rope o\V

G-416 * S-416 OPEN SPELTER SOCKETS

oul
A c 0 • • H J l N N

WT.

UM.

•ACM

1 4 431 69 69 31 63 131 200 156 1 31 31 9

S/YB-3/6 463 81 81 44 75 163 200 175 156 .44 1.3

716-1.2 556 i 00 100 56 100 194 250 200 1 94 50 23

ttVIO-S* 6 75 125 1 19 69 1 13 225 300 2 50 2.25 56 39

y* 794 1 SO 138 81 125 269 350 3 00 263 63 6

1* 9 25 1 75 163 97 ISO 325 400 3 50 3.13 .76 10

1 1056 200 200 1 13 175 3 75 450 400 3 75 86 15.5

1 1 8 11 81 225 225 1 25 200 4 25 500 4 50 4.13 1.00 24

I I 4-1 3 6 13 19 250 250 ISO 2 25 475 550 500 4 75 1 13 32

t !«? 15 12 300 2 75 163 2 75 525 6.00 ft00 5.36 1.19 46

4\

416 (Open)
417 (Closed)

Above drawings illustrate one groove used on sockets

3 4 andsmai<e« S-zes
'

8 lo i 1/2 inclusive use 2 grooves

States i Sr8~ and larger use 3 grooves

G-417 ft S-417 CLOSED SPELTER SOCKETS
•

WT.

•OPf
■ c O e p 0 N 4 K L LM.

ou. ■ACM

1 4 an 44 1 44 81 31 31 63 1 31 200 50 1 81 5

9/16-3/8 463 56 169 94 38 44 75 156 200 .63 2.08 1

7 IM 2 550 69 200 1 13 44 56 100 i 94 250 88 2 31 1 8

•/ 16-5/8 636 81 263 138 63 66 1 19 2 36 300 100 236 34

34 763 1 06 300 183 69 81 I 31 2 75 3 50 125 306 51

• 7/6 686 131 3 63 1 86 68 97 150 325 400 ISO 3 56 76

I 10 00 1 44 4 13 2 25 94 1 13 1 75 3 75 450 1 75 406 12

|" 1 1/1 11 13 1 56 4 50 250 too 12$ 200 4 13 500 2.00 4 58 If

1 1,4-1 3 8 12 31 1 69 500 2 75 1 13 150 2 25 4 75 550 2 25 5 13 23

\.ri 14 13 200 538 313 113 163 -?7S S2S 600 tm 6 13 » :{

<%
s/0

I

1-9



fSAttftx^rsfb
-

KtJVJ.B J-t-m a

September , 1982
— E —

CAST ALLOY BOLT TYPE

ANCHOR SHACKLES

G-2140 S-2140

• Safe Working Load is shown on every shackle

• Alloy bows. Alloy bolts.

• Quenched and Tempered
U--— F

— ---a.! u -J

UtorMne
Load*

Lima

Torn

DIMENSIONS IN INCHES

WtiQfll
Pound,

EachA ■ c 0 ■ P 0 H o K L M N 0 p n

200 14 \ 7 V. 3 7. 4 7. 10 7, 18 6 15 7, 4 7, 5 7, 5 7, 1 2 6 21 29 7, 450

250 16 8 7, 3 V, 5 12 22 7, 6 7, 20 4% 6 7, 5'/, 1 2 6 V. 24 7, 35 600

300 IS 8'/, 4\ 6 12 22 7, 65/. 19 7, 5 6 7, 7 1 2 7 7, 25 35 7, 775

400 21 7, 8 7, 6'* 7 14 26 7 7, 22 7, 6 6 7, 8 1 2 9V, 26 40 7, 1100

T500 20 7. e5/, 6 7. 7 7, 15 29 7 7, 25 7, 7 7, 6 7, 8 17, 2 9 7. 28 44 1550

taoo 22 7, 9 7, 8% 8 7, 17 36 8 7, 31% 8 V. 7 9 1% 3 12 7, 31 53 1900

"Proo* Load is 2 2 times the Working Load Limit.

Minimum Ultimate Strength is 4 times the Working Load Limit.

fMaximum Proof Load is 1000 Tons.

G-209 ft S-209 SCREW PIN

ANCHOR SHACKLES

G-213 ft S-213 ROUND PIN

ANCHOR SHACKLES*

.—G -

i

<53> p

W 9,

>•* ■■.l.i.lW .w

W LL

TON*
size

TOLERANCE

PLUS OR MINUS

C I A

EACH

LBS.

>

•

1/3

1/2

3/4

1

1 1/2

2

3 1/4

4 3/4

6 1/2

8 1/2

91/2

12

13 1/2

17

25

35

t 55

19

.25

.31

38

.44

.50

63

.75

88

1.00

1.13

1.25

138

1.50

1 75

2.00

2.50

38

50

.53

66

72

81

1 06

1.25

1 44

1.69

1 81

203

2.25

2.38

288

3.25

413

25

.31

38

44

50

.63

75

88

1.00

1.13

1.25

1.38

1.50

1.63

2.00

225

275

88

113

1.22

1.44

1 69

1 88

238

2.81

3 31

3.75

4 25

469

525

5.75

700

7.75

1050

19

25

.31

38

44

.50

63

.75

88

100

1.13

125

1 38

1.50

1.75

2.00

2 62

69

.78

.84

1.03

1.16

1.31

1.69

2.00

2.28

2.69

291

3.25

363

388

5 00

5.75

725

56

.66

.81

.97

1.06

1.19

1.56

1.88

2.13

2.38

2 63

3.00

3.31

3.63

4.31

5.00

6 00

98

1.28

1 47

1.78

2.03

2.31

2.94

3.50

4.03

4.69

5.16

5.75

636

8.88

8.50

9.75

1250

147

1 88

2.13

2.53

291

3.28

4.22

5.00

5.75

6.50

7.31

8.13

9.03

9.88

11.88

13.38

17.75

.13

.16

19

22

.25

.31

38

.44

50

.56

63

.69

75

.81

1.00

1.13

1 38

113

1.44

1 72

2.08

2 34

2.72

3.41

4 03

463

5.31

588

6 44

7.13

7.66

9 19

10.34

1297

1.34

1 59

1.88

2 13

2.38

2.91

3.44

384

4.53

513

5 50

6.13

6.50

7 75

8.75

19

25

31

38

44

.50

69

81

97

1 00

1 25

1.38

1 50

1.62

212

2.00

262

06

06

06

.13

13

.13

13

25

25

25

25

.25

25

.25

25

25

06

06

06

06

06

06

06

06

06

06

06

06

.13

.13

13

.13

25

.05

12

18

3

49

74

1 44

218

337

53

7

96

126

173

278

41.1

835

4

t Furnished in Screw Pin Only

The Following Information Applies To All Shackles

RGED STEEL WITH ALLOY PINS — QUENCHED &

.MPERED

Proof Load 2 2 times working load limit

Ultimate Strength 6 times working load limit through 50 ton

capacity.

Round Pin through 35 tons

Ultimate Strength 5 times working load limit on 85 12f» anil

150 ton capacity

G-209, S-209 Screw Pin Anchor Shackles meet or exceed

requirements of Federal Specification RR-C-27lb, Type IV.

Class 1.

G-213, S-213 Round Pin Anchor Shackles meet or exceed

requirements o» Federal Specification RR-C-271b, Type IV,

Class 4.
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Revision 1

September, 1982

• Latch Kit avateMe tor afl sties

319C. 320C FORGED CARBON STEEL OUENCHED & TEMPERED

319A 320* -FORGED ALLOY STEEL OuENCmED & TEMPERED

3196 3208 -FORGED BRONZE HIGH STRENGTH

NO. 319 A NO. 320 HOOKS

w LL - Tl

ea—04 ALLOT anon*1 A • C D ■ f e H 1 j K L M

75 1 5 433 1 47 3 23 2 96 1 00 1 25 75 81 50 94 56 500 25

1 1 5 6 494 1 75 367 319 1 06 136 64 94 56 102 62 562 28

15 2 1 555 203 409 362 1 12 ISO 1 00 1 16 62 102
"'at. 6 19 31

2 /K
14 636 2 41 469 409 155 163 1.12 1 31 75 122 84 694 36

3 (Ts) 2 789 294 577 494 i 50 200 1 44 162 100 1 50 1 V 8 47 44

5 V 35 10 09 3 81 7J8 650 1 88 250 1 61 206 125 1 88 1 38 10 31 56

75 ii 5 12 44 469 906 756 2 25 300 225 262 1 50 2 28 i 62 12 38 69

10 15 65 13 94 536 10 06 869 250 325 259 294 1 62 250 1 94 1350 78

15 22 10 1706 663 12 52 1100 338 4 25 300 350 200 3 41 238 '6 -4 1 00

20 30 13 19 47 700 14 06 13 62 400 500 366 462 238 400 300 19 72 106

20 30 1362 400 500 366 462 238 300 23 09 109

20 30 1362 400 500 366 462 238 300 31 09 109

25 37 24 75 850 18 31 14 06 425 536 456 500 3 25 4 25 3 75 31 25 1 44

25 37 14 06 425 538 456 500 3 25 3 75 40 25 144

30 45 27 31 9 25 20 25 154.: 4 75 600 506 550 350 4 75 4 12 33 06 156

30 45 1544 475 600 506 550 350 412 42 06 156

40 60 32 25 10 75 23 81 18 50 5 75 700 600 650 4 12 5 75 462 36 00 1 75

40 60 18 50 5 75 700 600 650 4 12 462 39 50 175

40 60 18 50 5 75 700 600 650 4 12 4 62 47 50 1 75

90 7S 20 62 650 7 75 669 725 450 500 4106 194

SO 75
■

20 62 650 775 669 725 450 500 49 06 1 94

100 2313 568 700 663 986 550 550 4212 300

100 23 13 568 700 663 988 550 5 50 48 12 300

ISO 24 36 600 700 913 10 86 800 600 45 63 325

200 26 69 650 750 10 00 11 61 700 700 50 50 350

300 3012 800 950 10 94 1294 725 7 25 54 69 425

TA«LI CONTINUED ON N.*! PAOI

i-n

NO. 320

EYE

HOIST

HOOKS

(AVAILABLE THROUGH

60 TONS)



September, 1982

SL LIFTING EYES

f /

SL ANCHORS

SL RECESS PLUGS

V. PARTS LIST

Part No. Rated Load

Tons

Weight/PC

467300 1 3 lbs.

467305 2 5 lbs.

467310 4 8 lbs.

467315 8 17 lbs.

467320 16 39 lbs.

<Q

Part No. Rated Load

Tons

Length (In.) Shaft Oia.

(In.)

Weight
Penoo

467100

467105

467110

467115

467120

1

2V.

3*

4V,

8

9V4

H"

13.25

15.5

19

29

38

467125

467130

467135

467140

467145

467150

2

'2%

n

6

6%

11

V

32

39

51.5

55

61

96

467155

467160

467165

467170

467172

467175

4

*3%

n
9%
14

19

V,"

83

92

120

154

212

275

467180

467185

467190

8

6V,

13*

26V,

1V."

280

465

875

467200

467205

467210

16

10

19'/,

39V.

1'V*

807

1306

2502

Recess Plug
With Bolt/Nut

Recess Plug

Only

Rated

Load

Plug
Ola. (in.)

Weight Per Ploee

Plug With

Bolt/Nut

Plug Only

467325

467330

467335

467340

467345

467350

467360

467370

467380

467390

1

2

4

8

16

2V.

3

3V,

4V«

6V,

3.5oi.

7.7 oz.

12.5 01.

131b.

3 6 lb.

2 02

4 oat.

8 02.

11b.

3 lb.

•Consult SUPERIOR CONCRETE ACCESSORIES, INC tor sate capacities and
concrete strength requirements.
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CONTENTS

TtST DATA SUWAKY SHttT - PHtNULlNt 3UU SYSTEM J-b

PRODUCT UATA SHEET - PHENOL. NE 3UO OR/W»uE J-to

PkuUUU UATA SHttT - PHkhULlNE 302 J-8

TtST DATA SUMHAKY SHEET - CAKBOL1NE 195/191 HB SYSTEM J-10

PHUUULI LMlA SHttT - CAkBULlNt 1*5 SUKFAUK 0-1 1

PROUUCT UATA SHEET - CMKBULlhE 191 HB J-l J

IRRADlATlUN/UtCONTAMlNATluN TEST RtPUKT J-lb

UbA TEST REPORT J-21

LAltKPTS FRuM UKI»L jylo ti-27
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ivcvxaiuii x

carboline

AREA CODE 314

644 fOOO

I .

CABLE-CARBOCO-ST. LOUIS

TELEX 44-7332

PROTECTIVE COATINGS

FOR CORROSION RESISTANCE • WATERPROOFING • FIRE PROTECTION • ROOFING

April 19, 1982

Hr. Dick Haelsig
Nuclear Packaging Inc.

815 S. 28th Street

Tacoma, WA 98409

Dear Dick:

The best system to use on the steel of the High Integrity Container

(HIC) is the four coat Phenoline 300 Orange/Phenol ine 302/Phenoline
300 Finish system. However, in our opinion, the Phenoline 300

Orange/Phenol ine 302/Phenoline 302 system would show radiation
tolerance comparable to the four coat system.

If you decide to use Phenoline 300 Finish as the topcoat, you
should not be concerned about a pH range of 6-10. The Phenoline 300

Finish should not be affected.

If you need further clarification or if additional information is

needed, please contact me.

uly yours,F >UUlb,
ym

tb*~*d/
Andy Bernard

Power Industry Specialist

nlf/1/630/

Haelsig/041582

cc: Mr. Dan McBride/Mr. Dave Muth/Mr. Bill Eggers/Mr. Tim Dolan/
Proj . File

J-4

CARBOLINE COMPANY • 350 HANi_EY INDUSTRIAL COURT • ST LOUIS. MISSOURI 63144



oarbolln*

Phenoline 300 Oranga/Phonoline 302/Phenoline 300 Finish

TEST DATA SUMMARY SHEET

CONCRETE SUBSTRATE

IX)CA ORNL 340*F/70 psig/7-8 Days NO DATA

LOCA ORNL 300*F/65 psig/10 Days PASS

RADIATION RESISTANCE 1 X IO9 RADS (AIR) PASS

FLAME SPREAD (9 32 mils DFT) 25

THERMJU, CONDUCTIVITY [ (BTU) \*il) )
[ (HR)(FT.2)CF) ]

1,000 - 3,500

DECONTAMINATION FACTOR (OVERALL) 49

CHEMICAL RESISTANCE (Severe Exposure. ANSI N5.12)

5% Di sodium Phosphate PASS

1.0 lb. /gal. Trisodium Phosphate PASS

. 3M Potassium Permanganate FAIL

5% AB-monium Hydroxide PASS

5% Sodium Borate PASS

0.5M Sodium Fluoride PASS

5% Sodium Hydroxide PASS

. 03M Hydrogen Peroxide PASS

5% Sulfuric Acid PASS

5% Hydrazine PASS

51 Nitric Acid PASS

5% Citric Acid .
PASS

PHYSICAL PROPERTIES

Adhesion (ANSI N5.12) PASS (855 psi)

Abrasion (ANSI N5.12) PASS (84 mg.)

Impact (ANSI N5.12) PASS

J-5
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PHENOLINE 300 ORANGE

350 HANLEY INDUSTRIAL COURT • ST. LOUIS, MO. 63144 • 314-644-1000

SELECTION DATA

GENERIC TYPE: Modified phenolic. Part A, Part B and

Special Mica Filler mixed prior to application.

GENERAL PROPERTIES: A heavy-duty primer with ex

cellent bond to most surfaces including steel and concrete.

Special Mica Filler is always added to give maximum bond

strength. Outstanding resistance to severe chemicals (except
immersion in strong oxidizing acids), alkalies, salts and sol

ve! s. Excellent resistance to sub-film corrosion.

RECOMMENDED USES: Phenoline 300 Orange is used as a

primer for Phenoline topcoats in heavy duty splash and

spillage service, for lining of tanks and protection of floors.

NOT RECOMMENDED FOR: Lining steel tanks where the

temperature exceeds 180°F (82 C) or where heating-cool

ing cycles occur. Not recommended 'or immersion service

in strong oxidizing acids.

CHEMICAL RESISTANCE GUIDE:

Exposure

Acids

Alkalies

Solvents

Sail

Water

Immersion

Very Good

Excellent

Very Good

Excellent

Excellent

TEMPERATURE RESISTANCE: (Non immersion)

Continuous: 200° F (93°C)

FLEXIBILITY: Poor WEATHERING: Good (chalks)

ABRASION RESISTANCE: Excellent

SUBSTRATES: Apply to properly prepared concrete, steel,

stainless steel, aluminum or other surfaces as recommended.

TOPCOAT REQUIRED: May be topcoated with modified

phenolics, catalyzed epoxies or others as recommended.

Usual topcoats are Phenoline 300 Finish, Phenoline 300

Floor Finish, Phenoline 302 or others.

COMPATIBILITY WITH OTHER COATINGS: Apply

directly to substrate. Use as a primer only.

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MA

TERIAL:

By Volume

Phenoline 300 Orange with

Mica Filler 82% ± 2%

RECOMMENDED DRY FILM THICKNESS PER COAT:

8 mils (200 microns).

THEORETICAL COVERAGE PER MIXED KIT*:

(2.75 Gals, including Mica Filler)

441 1 mil sq. ft. (32.8 m/l at 25 microns)

551 sq. ft. at 8 mils (4.1 m/l at 200 microns)

'NOTE: Material losses during mixing and application will

vary and must be taken into consideration when estimating

job requirements.

SHELF LIFE: Six months minimum.

COLORS: Orange only.

GLOSS: Medium.

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Representative

or Main Office. Terms - Net 30 days.

SHIPPING WEIGHT:

Phenoline 300 Orange
Phenoline Thinner

2.5 Gal. Kit

53 lbs. (24.1 kg)
9 lbs. in Vs(41 kg)
45 lbs. in 5s (20.4 kgl

FLASH POINT: (Pensky-Martens Closed Cup)

Phenoline 300 Orange Part A 77° F (25°C)
Phenoline 300 Part B

Special Mica Filler

Phenoline Thinnei

54°F (12 C)

Over 200° F (93°C)
77° F (25°C)

Oct 80 Replaces Nov 76-N

To the ben of our knowledge ihe technical date contained herein are true and accurate ei the date of issuance and are subjeit to change

without pnor nonce User must contact Carboline to verify correctness before specifying or ordering No guarantee of accuracy is given or

implied. We guarantee our products to conform to Carboline Quality control We assume no responsibility tor coverage performance or in|uru>t

resulting from use liability, if any. rs limited to replacement of products Prices and cost data it shown, are subject io change without p'<oi

notice NO OTHER WARRANTY OR GUAR ANTE f OF ANY KIND IS MADE BY THE SELLER. EXPRESS OR IMPLIED STATUTORY,

BY OPERATION OR LAW. OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
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APPLICATION INSTRUCTIONS
rts»w "" .>i»-l a.* "Ot "ItriMIM io astasm, p-OdUA-t a*ctV.m*aM*t.
«A.-«at« s"*va'»<.o« iMia.nimitn.ti.eAn am) m , ii.on u>at«av <•

TlAaMar rfaat • ..< l.o>>S stflOv 'fl b* <0"aw*.1 C>M*I» tCOMaV" t*e mu itfljill

to* usffcilit s«r..ca THtv •** •••AwaHt as a" e*tf •*. aitt1en.AA.Mn9 co**ei 1

1 aatumeo ti>«t lata pteoet itroduft «KtH"i"»nilsi.ei>t "tva Ma>r> mars*

..i* liom ir>e meteneit

SURFACE PREPARATION Remove any oil o» giutr
from surface to be coated with clean tegs soaked in Ceibu
line Thinner a? o> toluol

Steel Fo» immersion »•»*<*. dry abrasive blast to • White

Metal finttlt tn accordance with SSPC SP b to a degree ol

cleanliness in accordance with NACE *1 to obtain a 2 to 3

t~*A (5075 microns) blast profile Weld slag must be re

moved and welds ground to a rounded contour

Fot non immersion service, dry abrasive blast to a Commer

Cm»i Fm«sh tn accordance with SSPC-SP 6 to a degtec of

c«entineis m accordance with NACE *3 to obtain a 2 to 3
mil ISO ?S microns) blast profile

Concrete Remom tins and other protrusions by stoning.

sanding or finding. Concrete must be cured at least 28

oar* at 70' F I21*CI and 50% R H or equivalent time Re

move 'cm oais. incompatible curing agents and hardeners by
ebratv.c (Masting

IMMERSION SERVICE - afc-aMve blast to open all voids

and obtain a surface similar to medium grit sandpaper (hori

/ex •- surfaces may be acid etched). Blow or vacuum off

sane and dust. Extremely rough concrete surfaces may re

quite Catboime 195 Surfaces prior to application ol Pheno

l.te 300 Orange

SON IMMERSION SERVICE - Horizontal surfaces must

br asod etched or abtasive blasted to remove lanance. Fot

other surfaces blow off with compressed an to remove dust

MIXING: M>it separately, then cc"»i!>ineendmt. mthefol-

lowing proportions

2.5 Gal. Kit

Phenofemr 300 Change Pan A Two- 1 Ga< Cans

Phenoline 300 Part B 1 2 Gal

Specs *i<* F.iiet (6 I 2 lbs J 1 Gal

Turn up to 30% by •olumr with Prteno'ine Thinner

POT LIFE 1 hour at 75 F (24 CI and less »• htghet tern

pe»*]jrei Pot life ends when coating loses body and begins
to VS$

APPLICATION TEMPERATURES

Material

Ko"ria

M nitTAvitn

Ma> ttiuii

6*85' F (18 29 C)

60 F (16 CI

86 F (29" CI

Surfaces

65 85'f <18 29<"CI

60 F (16 CI

100 F 138'CI

Normal

Minimum

Minimum

Ambient

65 85°F (18 29*0
50"F (10*C)
I10°F (43"CI

Humidity

30 70%

0%

85%

Do not apply when the surface temperature is less than 5°F
(2°CI above the dew point

Special thinning and application techniques may be re

quired above or below normal condition.

SPRAY: Use adequate an volume for correct operation

Hold gun 8-10 inches from the surface and al a right angle
to the surface

Use a 50% overlap with each pass of the gun. On tr regular
surfaces, coat the edges first, making an extra pass later.

NOTE The following equipment has been found suitable,

howevet, equivalent equipment may be substituted

Conventional: Use 1/2" minimum ID. material hose

Air Cap

67 PB

64

Mir ft Gun Fluid Tip

Bmks»18or #62 67

DeVilbiss P MBC or JGA D

approx 086" I.D.

Airless: Not tecommended (abrades tip)

BRUSH: Use short bristled brush and work material into all

corners «nd crevices

Maximum*

14 days

7 r«.>ys

3 days

DRYING TIMES:

Between coats: Minimum

60" F (16 C) 36 hours

75* F (24' C) 18 hours

90°F (32'CI 12 hours

NOTE: Before topcoatmg. scrub surface with bristle btushes

and clean water Allow to dry thoroughly before topcoatmg.

'IF MAXIMUM DRYING TIME BETWEEN COATS IS

EXCEEDED. PRIMER MUST BE THOROUGHLY

CLEANED WITH CARBOLINE SURFACE PREPARA

TION *1 PRIOR TO TOPCOATING

CLEAN UP Use Carbolme Thinner «7 or xylol

STORAGE CONDITIONS

Temperature 40100 F (4 43*0

Humidity: 0 100%

For mote detailed inlormation please consult specific Car

bolme Application Guides

cAUTotm lowami rtiMssnaif solvents khp awav «om sparks ano open flames in confined areas workmen must weak

ntUaMAiWINCnCSMAATOAS HYPERSENSITIVE PERSONS SHOULD WEAR OLOVESOR USE PROTECTIVE CREAM AU ELECTRIC EQUIPMEN.

-\jTmmiABLATIONS m**OUlO SE MADE AND OROUNOCO IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE IN AREAS WHERE

fXPLO»ON HAZAROS MIST. WCVWMEN SHOULD Bl REOUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE ANO

NOMSPAMUNO SHOES ■-

VoQ HA**lEY INDUSTRIAL COURT carbollm ST LOUIS. MO 63144 • 314-644-1000
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carboline) PHENOLINE* 302

350 HANLEY INDUSTRIAL COURT • ST. LOUIS, MO. 63144 • 314-644-1000

SELECTION DATA

GENERIC TYPE: Modified phenolic. Part A and Part B

mixed prior to application.

GENERAL PROPERTIES: Phenoline 302 is the most resis

tant topcoat of the Phenoline series for immersion service.

Has very good resistance to abrasion, including slurries.

After the final cure there is no leaching of resins or catalyst.

Excellent general tank lining material because of its overall

chemical resistance.

RECOMMENDED USES: As a tank lining for tanks holding

moderate concentration acids, caustics, salts or solvents.

Excellent tank lining material for acid-solvent and alkali-

solvent solutions. Recommended as a heavy duty mainten

ance coating for severe exposures to splash, spillage and

fumes. Also for protection of floors exposed to chemical

spillage. Generally used where other lining systems have

proved unsuitable.

NOT RECOMMENDED FOR: Immersion in strong acids.

CHEMICAL RESISTANCE GUIDE:

Exposure

Acids

Alkalies

Solvents

Salt

Water

Immersion

Very Good

Excellent

Excellent

Excellent

Excellent

TEMPERATURE RESISTANCE: (Non-immersion)

Continuous: 200° F (93°C)

Non-continuous: 250°F (121°C)

Immersion temperature resistance is dependent on solution,

but should not exceed 180°F (82° C): Metal tanks must be

insulated when temperatures exceed 140°F (60°C).

FLEXIBILITY: Fair

WEATHERING: Good

ABRASION RESISTANCE: Very Good

SUBSTRATES: Use over properly primed steel, concrete,

aluminum or others as recommended. Acceptable primers

are Phenoline 300 Orange, or Phenoline 300 Surfacer.

TOPCOAT REQUIRED: Normally none. May be top-

coated with Phenoline 300 Finish for change of color.

COMPATIBILITY WITH OTHER COATINGS: May be

applied over recommended modified phenolic or catalyzed

epoxy primers or surfacers.

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED

MATERIAL:

By Volume

Phenoline 302 88 ±1%

RECOMMENDED DRY FILM THICKNESS PER COAT:

8 mils (205 microns)

THEORETICAL COVERAGE PER MIXED KIT* (1 25

gals):
1764 mil sq. ft. (34.5 m2/fi @ 25 microns)

220 sq. ft. at 8 mils (4.3 m2/8 @ 205 microns)

"NOTE: Material losses during mixing and application will

vary and must be taken into consideration when estimating

job requirements.

SHELF LIFE: 24 months minimum

COLORS: Black and green only

GLOSS: Flat

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Representative

or Main Office. Terms - Net 30 days.

SHIPPING WEIGHT:

Phenoline 302 Black

Phenoline 302 Green

Phenoline Thinner

li
18 lbs. (8.2 kg)
19 lbs. (8.6 kg)
9 lbs. (4.1kg)

82 lbs. (37.2 kg)

90 lbs. (40.9 kg)

45 lbs. (20.4 kg)

FLASH POINT: (Pensky -Martens Closed Cup)

Phenoline 302 Part A

Phenoline 302 Part b

Phenoline Thinner

120 F (49 C)

53°F 02M;
77° F (25°C)

June 78 Replaces Apr. 77-N

To the best or our knowledge tit* technical dai» contained herein arc true and accurate et ttse data of Issuance and are tubiect to chanf*
without prior nonce User must contact Carboline to wily correctness before specifying or ordering No guarantor ol accuracy rs sj.ven or

implied We guarantee our products to conform to Carboline quality control. Wa assume no raaponsibiflty for cow otto performance or rniuraas

resuii.ng from use Liability, at any, is limited to repiecement ot product. Prices and cost date it shown, era subieci to change without prto*

notice NO OTHER WARRANTY OR GUARANTEE Or? ANY KIND IS MADE BV THE SELLER. EXPRESS OFl IMPLfEO. STATUTORY.

BY OPERATION ON AW. OR OTHE RWISE. INCLUDING MERCHANTABILITY ANO FITNESS FOR A PARTICULAR PURPOSE
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APPLICATION INSTRUCTIONS

O'ooaaci .esommenoanons loi seat • t.c «•».<• tni. fa •ttuae at an *>o •« oeteimm.n, correct

ni!*"
* •'.,*'•,"M,. "» • "-1 «»%i.u<iflom» a-<d aevtai-taA aiocadu-e n i asiumaa i»»i ttae coo*' woaud retnmmenoat.oni n*v* bHn m*oe

i"»vr ^vi.flrtt^nt snouts) ma f»"'>«oo (tme>v lootoi*. in* me..mum >....(. liom ine m«t*.,».i

SURFACE PREPARATIONS: Remove any oil or grease
Iu-mvi surface lo hs- coiled .vtlh tlc«r> ishiv soaked m Ceibo

luar Thinnes tt? <w T .tluol

Steel Apply to clean, dry recommended pnmet

Concrete Apply over clean, dry propetly primed or sur

faced concrete

MIXING Mia separately, then combine and mm in the

lollow.ng proportions

1 Gel Kit b Gai K,t

Phenoline 302 Pan A t -Gal. Can • 5 Gel Can

Phenoline 302 Pan B 1 -Ot. Can I 5 Ot Can

Thin up to 25% by Volume with Phenoline Thinner

POT LIFE: 1 hour at 75* F <24°0 end less at higher

temperatures Pot Life ends when coating loses bod> and

begtrn to jag

APPLICATION TEMPERATURES

Mates- sal Surfaces

^'mal 60 85 F n6-29*CI 60*5° F (16 29*CI

<*f,mum 55*F 113 C) 50°F (10oC)

tbxmum BO'F (32*C) 120*F (49*C)

NOTE The following equipment has been found suitable,

however, equivalent equipment may be substituted

Conventional: Use V ID Mail Hose

Mir. m Oun

Bmks»18or J»62

DeVilbiss P MBC or JGA

Airless: Not recommended. (Abrades tips)

Fluid Tip An Cap

67

0

Appro x

.086" I.D.

67PB

64

Appro* 11

cfm a 30 psi

BRUSH OR ROLLER:

Avoid rebrushing

Brush out well, using full strokes.

DRYING TIMES:

Between coats

Minimum Tamp. Maximum Dry*
72hrs »50"F (10°C) 4 days

36hrs •60,F(36eC)

18hrs an'f (24*C)

12hrs.»90°F (32°C)

28deys#50*F (10CC)

14 days • 60° F (36°C I

7 days * 75°F (24°C)

5 days t? 90" F (32°C)

Force curing is suggested for all tank linings.

3 days

2 days

1 day

Final cure

Normal

tiustf-ijrr.

tJmfmum

Ambient

60 85* F (16 29*0

50' F (10*C)

120'F (49*0

Humidity

3070%

0%

85%

Sneoal th<nmng and application techniques may be re-

tmaormti above or below normal condition

Oo not apply when the surface temperature will be less

Vian 5*F 12*C) above dew point

SPRAY Use adequate an volume for correct operation

Hold gun 8 10 inches from the surface and at a right angle

lo the surface

•If this time is exceeded special surface preparation will be

necessary for recoating

CLEAN UP: Use Carboline Thinner 92 Ot Xylol

STORAGE CONDITIONS:

Temperature: 45 1 10 F (7-43°C) Humidity: 0 100%

NOTE: Excessive film thickness or poor ventilating con

ditions require longer dry times and in extreme cases may

cause premature failure. Excessive humidity or condens

ation on the surface during curing may result in a surface

haxe or blush, any haze or blush should be removed by

water washing before recoating

Us* « 50% overlap *-th each past of the gun On irregular

surfaces, coet the edges first, making an extra pass later

For more detailed information please consult specific

Carboline Application Guides

CALtnom CONTAINS COMPUSTHHjI tOlWWTS KEEP AWA" l*ROM SPARKS ANO OKN riAMES IN CONFINCO AREAS WORKMEN MUST WEAR

^SiMAir^iNt «S*RATORS HVPfR«NSiTivf PERSONS SHOULD WEAR QLOvtS OR USI PROTECTIVE CRCAM ALL ELECTRIC EOUlPMCNT

awnInstallations «moulo a* naoc ano oaounoeo in accordance with the national EliCtrical code in areas where

EaXoSon ^2aro» ui«t workmen should et reouirid to use ndnferrous tools and to wear conductive ano

nonva«*ino 4**0ti

350 HANLEY INDUSTRIAL COURT [carboline ST LOUIS. MO 63144 • 314-644-



onrtoolln*
Carboline 195 Surfacer/Carboline 19X HB

TEST DATA SUMMARY SHEET

CONCRETE SUBSTRATE

LOCA ORNL 340°P/70 psig/7-8 Days PASS

LOCA ORNL 300-F/65 psig/10 Days PASS

RADIATION RESISTANCE 1 x IO9 RADS (AIR) PASS

FLAME SPREAD (@ 24 mils DFT) 40 (8)*

THERMAL CONDUCTIVITY ( —IP?U? .ffll)
[ im)in-.*)lmF)

1
]

J

1,000 - 3,500

DECONTAMINATION FACTOR (OVERALL) 20

CHEMICAL RESISTANCE (Severe Exposure, ANSI N5.12)

5% Disodium Phosphate PASS

leO lb. /gal. Tri sodium Phosphate PASS

0.3M Potassium Permanganate FAIL

5% Ammonium Hydroxide PASS

5% Sodium Borate PASS

0.5M sodium Fluoride PASS

5% Sodium Hydroxide PASS

. 03M Hydrogen Peroxide PASS

5% Sulfuric Acid PASS

5% Hydrazine PASS

5% Nitric Acid PASS

5% citric Acid PASS

PHYSICAL PROPERTIES

Adhesion (ANSI N5.12) PASS (370 psi)

Abrasion (ANSI N5.12) PASS (51 mg.)

Impact (ANSI N5.12) PASS

*(E) - Estimate

J-1Q



product data sheet

carboline CARBOLINE 195 SURFACER

350 HANLEY INDUSTRIAL COURT • ST. LOUIS. MO 63144 • 314-644-1000

SELECTION DATA

GENERIC TYPt; Modified epo*v potyamide Parts A and
8 mi»ed p*ior to application

GENERAL PROPERTIES High build epo*y coating lev

i*et*ng and surfacing irregular cemenntious surfaces Panic
iMerty recommended for nuclear plants where concrete sur

faces n*rtt be prepaid for ease ot decontamination.

RECOMMENDED USES As a prtmei surfacer on concrete
under CetWme 191 HB Phenol.n** 305 Finn* or other

Cat-boiine topcoats as recommervled

NOT RECOMMENDED POR tmmervon tervwe without

recc-JswseaxtNl topcoats

CHEMICAL RESISTANCE GUIDE (Consult topcoat lot

Or-^c* Rrtttancr Guadel

Sptehand

■V<h

Alkali

5o> »♦>"'•.

S*

ft tin

Vfi Good

E aceiiem

E»ce.'irT

E»c*lieni

Esceitent

TEMPERATURE RESISTANCE : Inon mmersion)

Continuous 200" f (93 Ci

\ ^con' nuom 300*F (149* CI

FLEXIBILITY Very Good

WEATHERING Good (chat*-*, discolors I

ABRASION RESISTANCE Vf, Good

SUBSTRATES Concrete, or other surf«ctri as recom

TOPCOAT REOUIRED May be topcoeteo * tn catavred

»o»n modified phenolics. modified poiyurethanes or

osrwrs as. recommended Carboline 191 HB or Wsenoline

305 f truth n normally used for nuclear application Other

acceptable topcoe.s are Ca'boitne 193 Finish Carboline

190 HB. (Ntanoime 300 Fmish or Phenoline 30?

COMPATIBILITY WITH OTHER COATINGS Should be

applied directly to conctete substrate or over Carboline
1340 clear if a curing compound is desired

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OP MIXE0 MA
TERIAL:

By Volume

Carboime 195 Surfacet 97 *

2%

RECOMMENDED DRY FILM THICKNESS PER COAT:
10-60 mils as required. Typical average is 20 mils (500

micionsl

THEORETICAL COVERAGE PER GALLON
*

1556 m i sq ft (38 8sq m/l # 25 microns)

78 sq ft at 20 mils (1 9 iq m/l 0 500 microns)

'NOTE Matenal losses during mixing and application w.n

vary and must be taken mto consideration when estimating
rob requirements

SHELF LIFE: 24 months minimum

COLORS: Off white

GLOSS: Low

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Representative
or Mam Office Terms - Net 30 days

J?
na-

Sh I PPING WEIGHT

Carboline 195 Surlacer

Carboline Thinner oj

2 Gal Kit

30 lbs (13.6.0
9 lbs mis

14 1 kg)

10 Gal Kit

140 lbs (S3 .6 kg)
43 lbs m St

(19.5 kg)

F LASH POINT (Pensky Menem Closed Cup)
Carboline 195 Surfacer Part A 130°F (54 CI

Carboline 195 Surfacer Pan B 198° F 19? CI

Carboline Thinner s2 30°F ( 1 C)

4aj% 80 R«xace» >-»; . 79

Te

tarn*. ■'.**) **atm

m+,t .-<?». .-If. .... taMrtAAA^e -fl.-. «©«.*•»*•'

a» m.m*t ««**-• I C» >»•'•» <o •*'»*.

... (..«fl»v'r* t*. tm^laf*t lo Ce*OA>; '

•

i-sat— *•
» a* o ** Lr^-im* ta Aeo'eser^e^

a... n e>. •'«• *•.*> a<:twr|ir e* ••*. rt... ©t aa,..'-. e"*tl ave SA*br*fl ' to tr...-^.

SO' <m> rnest taetO'* Sfae* l».r>g O' o .1. 9 IAJO awe*.- '.. Qf a. v n «> . -a g .or. O'

,.i •. io»i'Oi We esswme <ao -eii "' a ri-i.i, n>. «©»».ee» peio-" •■.« o- ■-,>.•. »a

o'svoawttt r.-rii .
■

toil net ■ s^ftafl." mo s^tirea- 1 to dAe^e* *. 1*0*1 t<'-o<

omttmm S»0 OI»l « H.OMI)" O* (,Ut<t<HTll O' AN V HIND •J MAD! B» TM| S|ul» l»'»ISSO« tMnUO ST A 1 UTO* <

a* o»f "at to* O" i *w 0» OTmi nwisi i»«ci'-<0'».<-. Me«C««A»iiTAe>i.iTv and • in is-, ion »r»i«Ticuu« eumeou
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APPLICATION INSTRUCTIONS
VMftfc instructions ire not inr»nd*if to show product rtKommend'etrins tor Specific ierVice. Tnev »r* iVkued el an aid in ciBtfrrnrrirnig corrVi
turlaVce prWiietatinri. mixing instructions. »n.f tppl'ickli'en proctotfu'rv It is jslumsti Vh St th- bVa^i-r product r*comr*V»nd»trOnt tSW* )tm%n rVlerft
TrS»Ve instructions should tit toiiouved closely to obtain the mlkimum service from the rnSierraVl

"Comprehensive Application Instructions are available.

Consult Carboline Technical Service Department for a copy.

SURFACE PREPARATION: Remove any 0(1 Or grease

hum surface to be coated with clean rags soaked in Carbo

line tfiihtliT #2 Or toluol.

Concrete: Concrete floors should be at least as rough as

medium grit sandpaper. The surface should be frfee of lait-

ante. This tart be accomplished by finishing technique, acid

etch or mechanical abrasion. Concrete walls normally re

quire only vacuuming or air blow-off. Do not coat concrete

treated with hardening solutions (except for Carboline 1340

Clear) unless test patch indicates satisfactory adhesion. Do

ndt apply coating unless concrete has cured at least 28 days
@ 70°F (2 ,°C) and 50% RH or equivalent.

MlklNG: Mix separately, then combine and mix in the fol

lowing proportions:
i ttal. Kit 10 Gil. Kit

CSAoline 19S Surfacer Part A 1 Gallon 5 Gallons

Carboline 195 Surfacer Part B 1 Gallon 5 Gallons

Thin up to 18% by volume with Carboline Thinner #2.

POT LIFE: 1-1/2 hours at 75°F (24°C) and less at higher
temperatures. Pot lite ends when coating becomes too

viscous tb Use.

A**UCATlON TEMPERATURES:

hlormal

Minimum

Maximum

Klbntial

Minimum

Maximum

Material

60-75°F (1B-24°CI

55"F(13°C)
90°F <32°C)

Ambient

BO 75T (16 24'

45°F (7°C)
95°F (35"CI

Stttfttes

60 75°F (16-24°C)
50°F <10°C)
90"F <32°CI

Humidity

CI 3070%

0%

95<>;

Do not apply when the surface temperature is less than 5°F

(2°C) above the dew point.

Special thinning and application techniques may be re

quired above or below normal condition.

SPRAY: Held gun 12-14 inches from the surface and at a

right angle to the surface. Squeegee surfacer into all holes.

Apply second coat at full thickness.

NOTE: The following equipment has been fourth SW'riffele;
however, 'etytivMeiVt equipmentWiay ft* substituted.

Conventional: Not recommended.

Airless: Use a 1/2" minimum I.D. rttBteWal hbSe.

Huskfe ilbfeViftfts)
&iM»dg.t9:1
Jopitet fD

Mfr. & Gun

Use either mtttel below

Graco 207-300

Binks Model 520

'Teflon packings ire retdmmeTVd&ti arid availafete Vmi

pump manufacturer. Use a .031" ttt .035" tip Wi*h 4*^8-
2400 psi. A reversible tip is recommewdWed.

BRUSH OR ROLLEh: Thin up to to% by VdtomipteVt
lOn with CarboliVie #2. Brush only Tor touch-sip. rKJlUEf
Useful where spraying is impractical. ImmidtatelV aHtet

rolling, squeegee surfacer into all holes. Apply Second coal

at full thickness.

DRYING TIMES

Ttt Recoat: May be Hecoated With itself as sbttn as firm.

generally allowed to cure overnight.

to Topcoat:

Temperature

50°F (10°C)
60°F (16°C)
75°i= (24"C)
90°F (32°C)

At?0Mtlsk

1 2 Days
6 Days
3 Days
1 Day

"Carboline 195 Surfacer which has been applied at thick

nesses greater than 20 mils will require longer cure times,

especially if applied thinned.

Not*: It exposed to sunlight in exteis ol \%Vo Weeks, surface

contamination must be removed by wiping with Carboline

Surface Preparation #1 before recoating.

CLEANUP. Use Carboiine Thinner #2 or xylol.

STORAGE CONDITIONS:

Temperature: 40 100°F <4-38°C)

Humidity: 0-95%

For more detailed information, please tonsult specilit

Carboline 195 Surfacer Application Instructions.

gAWTION: CONTAINS fcdtttUSTlitl lOlVfcNTS. KEEP AWAVf*P 8WRKS AND OPEN FUMtfc. ltd CONhNtD AfcEAS WOfcKfclitNMUSTHfM
hRESH AIRLINE RtSPlRATOftS. HY*»ERSENSITIVE PERSONSWMkb WEAR OLOVES OP USE P&OtECTlvt CREAM ALL ELECtfliC *EWlH*K?T
5SS INSTALL»tlONS SMOWLb BE M^bE AND GROUNDED IN ACCORDANCE WITH tHfe NATIONAL ELECTRICAL CODE iH MEAS wftfeRfe
IXaoSlOKl HAZARDS feXISt, WORKMEN SHOULD BE REOUIRED to USE NONtfcttROUS TOOLS AND to WEaS CONbUCTIVt Mtti
fcbfclSPARKING SHOES.

3S0 HANLEY INDUSTRIAL COURT ErbollneJ
J-12

St. LOUIS. MO. 63U4 a 314-644-



product data aheat

carboline CARBOLINE 191 HB

350 HANLEY INDUSTRIAL COURT • ST. LOUIS. MO 63144 a 314-644-1000

SELECTION DATA

GENERIC TYPE: Epo*y-polyamide
-noed prior to application

Pan A ano Part B

GENERAL PROPERTIES: A high performance epoxy

pc • amide topcoat lor use over suitably pumed steel and

seated ot surfaced concrete Meets the sitmgent perfor
mance requirements ol t>>e American Nat onai Standards

institute ANSI NiOl M972 and ANSI NS t? 1974 h«s

performed satisfactorily m radiation resistance and

decontamination testing at Oak Ridge National Labora-
•o»*s Has been successfully evaluated under typical
Loss o« Coolant Ace oem aOCA) exposure criteria spec

lied by tne MCt-atr industry

RECOMMENDED USES : Carboime 191 HB is an e.ceiient

topcoa: >or me protection of steel and concrete surfaces

<n nuclear power plants Suitable lor use m areas which

are caposed to chemicaH steam and abrasion inherent m

a "maear generating taoiity Carboime 191 HB may be

-sed where resistance to nu clear radiation and decon

tamination procedures are a requirement When applied

Over an appropriate tomer Carboime 191 h- is an excel

lent tank lining lor potable *jtet meeting FDA formula-

: or- requirements and FDA EPA e»tract'On criteria

NOT RECOMMENEO FOR: lrrrnefs>on

tatTf i60C|. strong acids or sai»«?-<is

CHEMICAL RESISTANCE GUIOE

immersion

S+-

Escellent u 50 » ifcfJ Ci

NR

E«ceUenttci50f(66Cl

E ■ :e«en1l0 U0 f (60 Ci

EiceHenttoiWH (6*5 Cl

Adds

Mutes

Softtnts

San

Wiler

Sugar Sowum

•rater over

Splash aad

SaiHage
Good Excelieni

Uce «*-:

fm Good

Etcefleni

E«rc*ei"

E«ce«f"i

COMPATIBILITY WITH OTHER COATINGS: May be

applied over inorganic zincs, catalyzed epomes modified

phenoitcs or others as recommended Acceptable

pnmers are Carbo Zmc* 1 1 Carbo Zmc 12. Carboime 191

Primer Carboime 195 Surfacer. Carboime 295 WB Sur

facer Phenoline* 307 or others A mist coal may be re

quired when topcoatmg inorganic zmc primers

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXEO MA-

TERIAL:

By Volume

Carboline 191 HB 59"o • 2**

RECOMMENDED ORY FILM THICKNESS PER COAT:

4-6 mils (100-150 microns)

THEORETICAL COVERAGE PER MIXEO GALLON:'

946 mil sq M (23 £ tq m 1 •>• 25 microns)

189 sq ft at 5 mils (4 7 sq m i •< 125 microns)

'NOTE Material losses during mixing and application

will vary and must be taken into consideration when

estimating |Ob requirements

SHELF LIFE: 24 months minimum

GLOSS Low

COLORS: Standard colors are Wh.te C800 and Gray

C703 Other colors are special order and not returnable

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Represen

tative or Man Office Terms — Net 30 days

TEMPERATURE RESISTANCE (non-.mmers-.r^!

Com r*uoos 200 F (93 C»

Noi ZOC' ruOMt a?SOF (121 C)

FLEXIBILITY: C'rod WEATHERING: Very good (Chains*

ABRASION RESISTANCE Very good

SUBSTRATES Apply ove' su-tabiy prepared metal o>

cemem t-oos surtac-

TOPCOAT REOUIRED Nor tr. ally >■<■*»■

SHIPPINGWEIGHT

Carboine 191 hB

Carboline Thinner • 15

Carboime Thinner »7

l\

77 lbs (12 3 kg I

9 lbs tn 1 s

■■! 1 kg 1

9 lbs mis

14 1 kg )

5s

'3jICs (60 4 kg I

45 lbs in 5 s

(20 4 kg )

45 lbs m 5 s

(20 4 kg I

FLASH POINT: (Pensky-MaMens Closed Cupi

Carboime i9i HB - Pan A 68 f (20 Ci

Carboime 19 1 HB Pan B 4.TF (GC)

Carbolfne Tt mnn » 15 77' F (25 Ci

Carboime Thinner »2 30 I i i C)

JtAne 80 Replaces Ac r.i 90

trm^arrXem- %** *r* •»«»« sy ttm'A (0"'#'"#
'
*»#*#.#* •- » t'w* •r*t1 *» • a

■ * • * 1*o0

i/4jAt> as^,v%. ft}' >4>* Ci'l'O""* lO *l

Wa9Me/m.a9V4a- ' "* **« » t**9>f**<l9 *» t <*" * ** O C»*U<f

a *.«>- -* i •* '•
f
•■'•- ** *"*••»•"' **»

„ Sn O 'HI a MAMMANtV 0« .uAMA»,T»l Of A*V ftit.O •% MAOI •> 1 Ml SlVilR I

ft. ami HAHQH Q» L*^ t>a Ot*4| BMlilt "eCiUD'Sr* Ml WC •*AN 7 Aft> (_ ■ ' V AND f*7NltS »0* A*»A«TlCUl.AtM FuflPOM

•■a •*«•

*m+**

•>' *•#'* >*> •- e t'w*T |hd in a
■ * #<

r ***#• "» <0#M*&' %Sm «** i»h» no e*i

O* 0MBMfwci» P'+mp m
' tO*" H a

Hmr o» ■■.»•"■<# ana %** »v t,». > io t^m^or

frsq NO »u •'•"!#* 0< K<U'**v * §**•« O'

hiti, *i> to* ••mm* |.«rto"« •■ <» o» *«|u'>»i

|hO«n »r Ki('l»* t IO ("••'■■Q* <fVt*©Ut P*«0«

l^MCVtiOn )MPlK O S>1ATUTOH>

J-U



APPLICATION INSTRUCTIONS

Thine instructions are not intended to show product recommendations for specific service They are issued as »n aid in determining correct

surleee preparation, mixing instructions, and application procedure It is assumed that the proper product recommendetrons neve been made.

These instructions should be followed closely to obtain the maximum service from the materials

SURFACE PREPARATION: Remove any oil or grease

from surface to be coaled with clean rags soaked in

Carboline Thinner #2 or toluol.

Steel/Concrete: Apply over clean, dry recommended

primer or surfacer. Application over inorganic zincs may

require a mist coat

MIXING: Mix separately, then combine and mix in the

following proportions: n

Gl|_ Kjt .„ G„ Kft

NOTE: The following equipment has been found suitable.

However, equivalent equipment may be substituted.

Conventional: Use a 3/8
'

minimum I.D material hose

Mir. and Gun

Sinks #18 or #6?

DeVilbissP-MBCorJGA

Fluid Tip Mr Cap
66 66 PB

E 704

Approx. .070" I.D Appro-. 9-10 dm

(" 30 psi

Carboline 191 HB- Part A

Carboline 191 HB- Part B

1 Gal.

1 Gal.

5 Gib.

5 Gab.

Airleas: Use a 3/8" minimum I.D. material hose. A 30

mesh inline filter is recommended.

Thin up to 25% by volume with Carboline Thinner #15.

For temperatures below 65°F (1ffC) use Carboline

Thinner #2.

POT LIFE: Four hours at 75°F (24"C) and less at higher

temperatures.

Mir, and Gun

DeVilbiss JGB-507

Graco 205-591

Bmks Model 500

Pump*

QFA-514

President 30:1 or Bulldog 30:1

Mercury 5C

'Teflon packings are recommended and available from

the manufacturer

Use a .021 - .025" tip with 2400 psi.

APPLICATION TEMPERATURES:

Material Surfaces
Brush: For touch-up only.

Normal

Minimum

Maximum

60-95' F (16-35'C)
4(JF (4C)
90 F (32 C)

60-95' F (16-35X)
40 F (4X)
110 F (43~C)

DRYING TIMES:

Temperature
Ory to
Handle

Between

Coats

For

Immersion

Service

Normal

Minimum

Maximum

Ambient

60-9SF (16-35'C)
40F (4°C)

110F(43°C)

Humidity

35-65%

0%

95%

40°F (4'C)
60°F (1CC)
75"F (24-C)
90°F (32"C)

110°F(43°C)

2 days
16 hours

8 hours

4 hours

2 hours

3 days
24 hours

12 hours

6 hours

3 hours

14 days
7 days
3 days
1 day

Do not apply when the surface temperature is less than

5 F (2°C) above the dew point.

Special thinning and application techniques may be

required above or below normal condition.

Force curing is suggested for ail tank linings.

"Final cure below 60F (16°C) is not recommended for

tank lining service.

CLEAN UP: Use Carboline Thinner #2 or ketone solvent.

SPRAY: Use adequate air volume tor correct operation
Hold gun 8-10 inches from the surface and at a right

angle to the surface.

Use a 50% overlap with each pass of the gun. On irregular
surfaces, coat the edges first, making an extra pass later.

STORAGE CONDITIONS:

Temperature 40-1 10F (4-43°C)

Humidity: 0-100%

For more detailed information please consult specific
Carboline Application Guides.

CAUTION: CONTAINS FLAMMABLE SOLVENTS KEEP AWAY FROM SPARKS ANO OPEN FLAMES IN CONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM ALL EL6CTRIC EQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE IN AREAS WHERE
EXPLOSION HAZARDS EXIST. WORKMEN SHOULD BE REOUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND

NONSPARKING SHOES

350 HANLEY INDUSTRIAL COURT ST. LOUIS. MO. 63144 • 314-644-1000



Analytical Chemistry Division

Oak Ridge National Laboratory
03 te : December 17, 1976

Report of Irradiation, Decontamination, and DBA Testing
Carboline, St. Louis, Missouri

The Irradiation, Decontamination, and Design Basis Accident (DBA) tests

are conducted, respectively, in accordance with Bechtel Corporation Standard

Specification Coatings for Huclear Power Plants, Spec. Itos. CP-951, CP-952,

and CP-956. The tests are designed also to meet the specifications set in

both A.N.S.I. Report N 101.2-1972, Protective Coatings (Paints) for Light

Water Nuclear Reactor Containment Facilities, and N 5.12-1974, Protective

Coatings (Paints) for the Nuclear Industry. The DBA test spray solution and

the test conditions ire listed in Tables 1 and 2. After both the DBA and the

irradiation tests, the coatings are examined for signs of chalking, blistering,

cracking, peeling, del ami nation, and flaking, according to ASTM standards where

applicable. All except the decontamination test panels are returned to the

coating manufacturer.

The irradiation tests are run using a spent fuel assembly, removed

from the High Flux Isotope Reactor (HFIR) at ORNL, as the source of radiation.

These fuel assemblies are stored under 20 feet of demineralized water. The

fuel is 93X enriched U2JS as U)0e combined with aluminum. The spent fuel as

semblies are removed after each 23-megawatt day period. Irradiation is done

using the gamma energy from the accumulated mixed fission products. This

more readily simulates conditions around a reactor than does a cobalt source.

Also, the higher ganma activity affords shorter irradiation time to achieve ac

cumulated doses. The dose rate four days after removal of a fuel assembly from

the reactor is 1 x 10' rads/hour.

The fuel assembly is 20 inches high. A 20-foot long, 3 1/2-inch diameter

pipe, with one end capped, is used for the air irradiation tests. The capped

end is lowered into the four-inch opening of the center of the fuel assem

bly. The open end, above the water level. Is covered with an "0" ring sealed

flange to which is attached a steel cable and an air outlet hose. The air

inlet is located at the bottom of the pipe. The test specimens are connected

Evaluated^

Approved_^ l,~tAUf.+.am'

J-lb



Analytical Chemistry Division

Oak Ridge National Laboratory
Date: December 17, 1976

to the bottom of the cable and lowered into the radiation field. Also at the

center of the fuel assembly is a stainless steel clad cadmium tube used as a

neutron absorber. This prevents contamination of the test specimens by induced

radiation.

The decontamination procedure is as follows: a mixture of fission

product nuclides (aged greater than 90 days and less than three years) is

neutralized to pH 4 and immediately applied to the test specimens. The speci

mens are previously degreased in alcohol. After the contaminated spot 1s air

dried, the activities of four of the nuclides are measured by counting with

a Ge(Li) detector and a multichannel pulse height analyzer. The specimens are

then suspended in a beaker of water at 25°C and washed by stirring for 10

minutes. The specimens are removed, the backs rinsed in water, air dried,

and counted as above. The ratios of the activities before, to those after

the decontamination are reported as decontamination factors for water. The

decontamination and counting steps in 25°C and 80°C acids are repeated, and

the respective decontamination factors calculated. The "total overall D. F."

is calculated as the ratio of the total activity at the beginning of the test

to the total activity at the completion of the three washing steps. All

activities are corrected for decay between counts. A computer has been pro

grammed to do all the calculations.

Evaluated

Approved_^

J-16



Manufacturer: Carboline

St. Louis, MO

Analytical Chemistry Division

Oak Ridge National Laboratory
Date: December 17. 1976

Table 1. DBA Solution Composition, Distilled Water.

0.28 M boric acid (3,000 ppm boron)

0.064 M sodium thiosulfate

Adjusted to pH 9.6 with sodium hydroxide

Table 2. DBA Test Conditions.

Time Temperature (°F) Pressure (psig) Comments

Start 170 Autoclave preheated.

20 seconds 340 70 (10 sec) Steam injected.

6 hours 70 Pressure maintained

by relief valve.

20 seconds 220 30 Spray solution added

at 75°F.

IS minutes 220-250 30

4 days 250 30

20 seconds 180 -15 Fresh spray solution

added at 75°F after

draining autoclave.

15 minutes 130-200 10

3 days 200 10

End of test

f va 1 ua ted (V KJ?</ftj< ■■.,

Approved ft// _y +ft. '. .

_
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Manufacturer: Carboline Analytical Chemistry Division

c+ .„•.,* Mn
0ak Rf<*ge National Laboratory

St. Louis, m Date: December 17. 1976

System Identification: Steel X Concrete Block

CBCS-13

195/191HB

DBA Test Results:

ORNL Master Analytical Manual Method No. 2 0922;

Bechtel Corp. Spec. No. CP-956;

ORNL Log Book No. A 7562; 11-29-6

Sample No. DBA Phase Comments

*70 spray Coatings intact; no defects.

**

*T\ spray Coatings intact; one small crack, bottom side.

72 spray Coatings intact; no defects

21 sPray Coatings intact: nn dpfpr.ts.

74 spray Coatings intact; no defects.

75 spray Coatings intact; one crack at bottom edge of top

side.

♦Irradiated. **(SA)=sand blast; (SH) = shot Mast; (GR)=grit M.^i.

Evaluated S^ ^~C&*ix.<3 Approved L-,7 * ftft-f£*.:.-
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Manufacturer: Carboli ne

St. Louis, MO

Analytical Chemistry Division

Oak Ridge National Laboratory
Date: December 17. 1976

System Identification:

CBCS-10

195/305

Steel X Concrete Block

08A Test Results:

ORNL Master Analytical Manual Method No. 2 0922;
Bechtel Corp. Spec. No. CP-956;
ORNL Log Book No. A 7562. 11-29-6

Sample No. DBA Phase Comments'

—!§? spray _ Cfi&t.ings. intact; no defects.

•83

84

85

sp^ay

jpray

-SfiTJJL

Coatinqs intact; np defects.

Coatinqs intact; no defects.

Cflftlioas. intact: defects.

86

87

*Pri*JL_ _
Coatings intact: cracked at MttQOL edge of bottom

side.

spr<vy Coatinqs intact; cracked at rii

•Irradiated. ••(SA) ■ sand blast. (SH) -- shot blast; (GR) »

grit blast.

Evaluated 4^&****£,- Approved ft A
/ , l j- ift* t_
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Manufacturer: Carboline Analytical Chemistry Division

c* *i„ tm Mn
Oak Ridge National Laboratory

St- Lou1s» M0
Date: December 17. 1976

System Identification: Steel * Concrete Block

CBCS-12

Phenoline 2303-15

DBA Test Results:

ORNL Master Analytical Manual Method No. 2 0922;

Bechtel Corp. Spec. No. CP-956;

ORNL Log Book No. A 7562; 11-29-6

Sample No. DBA Phase Comments**

52 spray Coating intact; no defects.

53 spray Coating intact; no defects.

*54 spray Coating intact; no defects

55 spray Coating intact; no defects.

56 spray Coating intact; no defects.

Evaluated

spray

spray

spray

spray

spray

spray57 spray Coating intact; no defects.

♦Irradiated. **(SA)=sand blast; (SH) = shot blast; (GR)=grit bM4v.

<*-9 Approved ft^. /. ftfttfto^.
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Report of DBA Testing of Coating Systems

froa Carboline, St. Louis, Missouri

Systems of both coated steel panels and concrete blocks were

submitted for Design Basis Accident CDBA) testing. The test was

conducted in accordance with the manufacturer's recommendations

which included reference to ANSI Report N101. 2-1972, Protective

Coatings (Paints) for Light Water Nuclear Reactor Containment Facilities

and to a Babcock & Wilcox, WestLnghouse, Combustion Eningeering Composite.

A description of the systems, their total film thickness, and placement

within the autoclave are listed in Tables 1., 2.. The DBA spray solution

and the test conditions are listed in Tables 3., 4.. After the test,

the coatings were examined for signs of chalking, blistering, cracking,

peeling and delamination as per ASTM standards where applicable. All

the systems were considered to have passed these test criteria except

where otherwise noted in the comments listed in Tables 1., 2..

After the DBA test the panels and blocks were half immersed in

spray solution which was kept at 200°F for a 10 day period under static

conditions. The samples were again examined after this second test.

There was no change in the condition of the coatings for any of the

systems. The panels were 2" x 5" x 1/8" in size, scribed diagonally on

one side. The blocks were 1" x 2" x 5" in size. The panels and blocks

have been returned to Carboline.

Analytical Chemistry Division

Oak. Ridge National Laboratory

December 5-^.19:

Evaluated

Ap

a 1 ua t ed yA >*«lXiC>->0*t>»>,<

j- roved /L r
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Table 1.

Carboline Systems Submitted for Testing;

Steel Panels

System

Designation

System

Description

Total Film

Thickness, mils

IA

IB*1*

Carbo zinc 11

ii

3.5

3.4

2A CZ 11/C-191HB 12.3

2B
11

13.7

3A cz 11/C-290WB 9.4

3B
m 6.8

5A CZ 11/2 coats C-X2191-• 154 8.2

5B
n 6.5

6A cz 12/C-191HB 8.9

6B
ii

10.1

7A CZ 12/C-290WB 8.7

7B
ii 9.9

8A CZ 12/2 coats C-X2191-•154 8.9

8B
it n

8.3

9A Carbo Weld 11/C-X2191-•154HB 5.5

9B ii ii
4.9

10A cw 11/Phenoline 305 finish 4.6

10B
n n 5.0

11A c-:(3904-72 3.2

11B it
3.4

12A CZ 11/C-X3910- 17 3.5

12B ii
3.4

13A CZ 11/Phenoline 368 WG 12.2

13B it m
11.8

14A c-:193 Primer/ (4191HB 10.3

14B ii ii 9.7

Analytical Chemistry Division

Oak Ridge National Laboratory
December 5 ^975

Evaluated

Approved />,77£
J-22



Designation

ISA

1SB

16A

16B

17A

17B

ISA

18B

Table 1. Cont'd

Steel Panels

Description Thickness, mils

C-193 Primer/C-190HB 6.7

11 7.0

C-X2191-149/C-290WB 7.0

II 7.4

P-368FD/Phenoline 368 finish 6.5

•i 7.5

P-368FD/Phenoline i68 WG finish 8.8

II 9.8

*
A samples - spray phase-DBA.

• B samples
- Immersed phase-DBA.

*■

'Coating beginning to deteriorate.

Analytical Chemistry Division

Oak Ridge National .Laboratory

December 5^975^

Evaluated ^ ^.^^
Approved /. /T' '* +'*--—
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Table 2,

Carboline Systems Submitted for Testing;
Concrete Blocks

System

Designation*

System

Description

Film

Thickness, mils

20A Phenoline 306TG 1/16 in.

208
ii ■1

21A P-306TG/C-191HB 1/16 in./4

21B
ii ii

22A C-195 Surfacer/C-191HB 25-40/4

22B
M ii

23A C-295WB Surfacer/C-191HB 25-30/4

23B
n it

24A C-295WB Surfacer/C-290WB 25-30/4

24B
n ii

25A C-295WB Surfacer/C-X2191-154 • 25-30/2

25B
n ii

26A C-191HB/C-191HB 5/5

26 B
ii n

27A C-290WB/C-290WB 5/5

27B
n n

28A Phenoline 305 Concrete Primer/C- 191HB 4/4

28B
ii ii

29A

29BW

Phenoline 300 Orange/P-302/P-300
on one side only

n

finish

8/8/8

it

30A{2>

30B(2)

P-300 Surfacer/P-300 finish

it

25-40/8

ii

31A C-295WB Surfacer/P- 305 finish 25-30/4

31 B ii it

*A samples -

spray phase DBA

*B samples - Immersed phase DBA

A few cracks noted on all surfaces.

(2)*•
'Cracks at bottom of block; apparently due to mode of coating application.
No other defects .

Evaluated^^ 4:TrT<CSJ^^-»5jr' Analytical Chemistry Division

armrctsipA J T^ /■
'

/' ** Oak Ridge National LaboratoryApproved ^TiAf^Utt^ December 5, 1975
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Table 3.

DBA Solution Composition; Distilled Water

0.28 M Boric Acid (3, OOo ppm Boron)

0.064 M Sodium Thiosulfate

Adjusted to pH 9.5 with Sodium Hydroxide

Time

Start

0-2 minutes'

2-30 minutes

30-70 minutes

4 days

90 minutes

End of firs! part of

Test

10 days

End of test

Table 4.

DBA Test Conditions

Temperature (*F) Pressure (psig)

90 --

::o 20

220-300 65

300-250 35

250 35

250-100 10

200

'Added spr.ty sol .t ion .it 300*F and began dynamic spray cycle.

Analytical n.cr.i*try Division

Oa»1 Ridge Nation.il Laboratory

•ecember 5,

Evaluated

Approved
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3/21/82 - COPY TO RAY CHAPMAN, EG&G
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carboline

nevision j.

AREA CODE 314

644 IOOO

CABLE-CARBOCO-ST...OUI9

TELEX 44 7332

PROTECTIVE COATINGS

FOR CORROSION RESISTANCE • WATERPROOFING • FIRE PROTECTION • ROOFING
• ' ■-' ■ ■ ■ ■ •' - - -■• -' •—

'
■■■■-■■--■■ -■ - - ..^ -..-_. . . . -- . - . . .

n .-, -f f i if
■

i i ny
■- - ■■

t,—

March 16, 1982

Mr. Dick Haeisig
Nuclear Packaging Inc.

815 s. 28th Street

Tacoma, WA 98409

Subject: Nuclear Waste Packaging

Dear Dick:

ISere are the ORNL test results which you requested, in Table 7.1

you see that there is no effect on the coating at 1 x 10 10 RADS.

sihce the HIC application is over steel, and the exposure will be

in air, the 1 x 1010 RAD figure is the one to use.

I hfcjpe this helps to answer your questions. If you need anything
further, please call.

Very truly yours,

ldrey K . Bernard

Power Industry Specialist

nlf/l/630/
Haelsig/031582

Enclosure

cc: Mr. Dave Muth/Mr. Bill Eggers/Mr. Dan McBride/Mr. Michael Salater/
Mr. Tim Dolan

CARBOLINE COMPANY • 350 HANLEY INDUSTRIAL COURT » ST LOUIS. •MISSOURI 63144
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Radiation Resistance of protective Coatings (Paints)

G. A. West

Tests to evaluate some protective coatings (paints) for use in reactor

cohtainment vessels, spent-fuel processing plants, and laboratories were

conducted by exposing (a) some specimens to gamma radiation, (b) other

specimens to the fallout of radioactive fission products from the plasma- jet
3

volatilization of irradiated U0~ in a 1,350-ft vessel, and (c) selected

coatings to a tentative standard decontamination test. The Nuclear Safety

Pilot Plant group conducted the volatilization test with coating specimens

supplied by the Unit Operations Section.

Radiation-Tolerance Testing

Protective coatings were exposed to Co gamma radiation at an

intensity of 1 x 10 rads/h at 40-50*C in air and in dewineralized

water. Several manufacturers submitted special fomilations of their

coatings In an attempt to discover a coating with unusual or outstanding

resistance to gamma radiation in the presence of de ionized water.

9
Three such coatings Surpassed the previous tiigh {5 x 10 ratfs)

resistance in demineralized water: (a) Carboline Co's. System K, *.

modified phenolic (Phenoline 368) containing embedded glass cloth, and

•Ptiertol'iife 368 seal coat failed at 8.3 x TO9 rads by blistering and loss

Of adhesion; (b) Varni-Lite Corp's. too. S-0900 epoxy system failed at

8.0 x TO rads by blistering; and (c) Amercoat Wo. 1762 with Wo. 66 epoxy

seal coat failed at 7.9 x TO rads by chalking (Table J-l). There is

evidence of greater radiation tolerance in air since 19 of 79 coatings
10

appear serviceable after an exposure of TO rafts .

a.

Ju

Excerpted from 0RNL-3916-, Unit Operations Quarterly Progress Report.
ly-September 1965, Contract No. W-7405-ang-?6, Warch 1*$6.
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TABU j-l. RAOUTIufv kESISUiVl RAUNG uF S£vt.K*L PROTECTIVE COATINGS (Radiation jugrct: &OCo at 1 x

.uo rads/n Temperature: 4o to buu«. Manufacturer's ire listed alphabetical (y, wlin tne coatinys

listed in aecreasing order of resistance to radiation/

Manufacturer

tarbolme Company

c

I

IV

Coating Substrate

cone.

steel

Exposure unoer

Demineralized

Water

(rads) Effect

C,0
CD

Exposure
in Air

(raos)

1 x U)\y
I x 10'°

Effect

Modified phenolic,
(Phenoline 368)

System K 5.8 x 10*
8.3 x 10*

Modified phenolic, System C cone. 3.6 x 10* C.u 8.3 X 10* b,i

Modified phenolic,
(Phenoline 368)

System H cone.

steel

2.6 x 10*
6.3 x 10*

C

c

1

1

X

X

IO10

Modif >ea phenolic,

(Phenoline 368)
System G cone.

steel

4.7 x 10j
4.7 x 10*

C

c

1

1

X

X lU10

Modified phenolic,

(Phenoline 3b8)
System I cone.

steel

4.7 x lU9
3.6 x 10*

c

c

1

1

X

X

I0lu

Modified phenolic,
(Phenoline 3b8)

System F cone.

steel

No test

3.6 x 10* C

7.8

6.0

X

X 10*
L

L

Modified phenolic,

(Phenoline 368)
System J cone.

steel

2., x 10*
2.1 x 10*

A

A

4.7

1

X

X

10*
lulu

b,C

Modified phenolic,

(Phenoline 368)
System A cone.

steel

4.3 x 10*
4.7 x 10*

A.C
C

3.2

7.1

X

X

,0i!
10*

I

b,C

Modified phenolic,

(Phenoline 368)
System b* cone.

steel

2.6 x 10*
3.6 x 10*

C

c

b.b

7.1

X

X 10*
b.t

t,

Modif ieo phenolic, System (j cone. 2.1 x 10* A,E 6.0 X 10* C

Modified phenolic,
(Phenoline 3b8)

System E cone.

steel

2.1 x 10*
2.1 x 10*

A

A

6.0

6.b

X

X

10*
10*

la

b



Studies of Contamination due to a Simulated Reactor Excursion

Protective-coating specimens and controls were exposed to an

atmosphere contaminated with radioactive fission products from the

plasma-jet volatilization of natural U09 that had been irradiated at an

10
c

average neutron flux of 4.5 x 10 . This resulted In about 0.6 C1 of

total mixed fission product gamma activity after cooling for seven days.

In tests simulating a reactor excursion and the volatilization of fuel, the

amount of radionuclides deposited on the exposed surface was measured and

compared. Radionuclides were identified and measured by scanning the

specimens with a gamma-ray spectrometer before decontamination.

Coatings exhibiting the least retention of the 10 radionuclides

measured are listed below:

Modified Phenol ics

Phenoline 300, Carboline Company

Phenoline 305, Carboline Company

No. 7122, 7133X, Wisconsin Protective Coating Company.
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APPENDIX K

SEAL MATERIAL DATA SHEETS

CUNTENTS

I. Adhesive Engineering Technical Bulletin AE -441/1

Concresive 1077 Type I and Type IId

2. nonesive Engineering Technical Bulletin At -455, "A Discussion

of nuclear Radiation Resistance of Epoxies with Particular

Reference to the Class Including Concresive Type 1077 Improved

(Types 1 and II) and Concresive 1305 and 13l0"a

3. Adhesive Engineering Technical Bulletin A/E 470 Concresive

AEX-15124 Chemical /Radiation Resistant Mortar Binder (used
for lid seal)

<*. Adhesive Engineering Technical Bulletin At-402/<; Concresive

1310* Chemical Resistant Mortar Binder (used for lift lug

grouting)

b. Adhesive Engineering Memorandum, September 14, 1982; Subject:

The Durability of Concresive 1512a Grout and Concresive

lb!3a bel Seal

a. In« Concresive 10//, I3lu, 1512, and 1513 products are similar,

differing only in cure times and consistency.
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technical Bulletin AK-14I/"]

ADHESIVE ENGINEERING COMPANY

.MEi-aFROFtHt ($s
ltLtx 34-8459

•^ZoTramtr CONCRESIVE^ 1077 TYPE I & TYPE II

CONCRESIVE 1077 Type I and II are two closely related epoxy adhesives which

are primarily used to restore cracked Portland Cement Concrete (PCC) and to

fill voids in concrete structures. The products are particularly suitable

for use in structures which are exposed to high levels of nuclear radiation.

CONCRESIVE 1077 Type I and II replace two older products, CONCRESIVE 1077-1

and 1077-12. The principal improvements incorporated in the new products are:

greatly increased storage life; simple volumetric mix ratio; ability to bond tc

damp concrete.

CONCRESIVE 1077 Type I is a low viscosity, two component, room temperature

curing epoxy adhesive for restoring cracked Portland Cement Concrete (PCC)

primarily in applications where high levels of nuclear radiation may be en

countered and for bonding steel to PCC. The product is best applied by using

Adhesive Engineering Company's SCB Process^*'which provides accurate metering,

mixing and injection of the material.

CONCRESIVE 1077 Type II is intended for filling large voids in PCC, rock or

wood structures. Due to its slow cure rate, the product can be appliec in

a large mass without undo build-up of heat and the attendant high degree of

shrinkage or possible decomposition. Due to its long working life, COiiCRESIVE

1077 Type II may be extended with sand or gravel and installed using conven

tional cement grout pumps. Prepacking of the space to be filled in a concrete

structure with sand or gravel and subsequent injection of the liquid material is

an alternate technique which has been successfully used.

CONCRESIVE 1077 Type II is not recommended for applications involving thin

bond lines. The product may be employed in load bearing applications when at

least partial confinement of the product can be achieved.

CONCRESIVE 1077 Type I and Type II represent a matched pair of products with

common A and compatible B components. This allows mixing of the two B components

and makes possible the adjustment of pot life and set time. The B components of

CONCRESIVE 1077 Type I and II are stable on storage and may be used with the

equally stable A component of Type I or Type II in the same volume ratio. Upon

cure such blended products exhibit properties intermediate of Type I and II alone.

Care has to be taken in the use of the blended products to avoid an undesirable

exotherm which can occur when a high percentage of CONCRESIVE 1077 Type I B is

present. Use of blended products is not recommended in filling large voids.

CONCRESIVE 1077 Type I will cure in the presence of moisture and at temperature1;
down to 35°F. Due to the large increase in viscosity, application below 50°F is

not practical. The same limitations appT.y to CONCRESIVE 1077 Type II. In addi

tion, the cure time of a small mass of Type II below 65°F is very long (more than

two weeks) .

® Registered Trademark, Adhesive Engineering Company
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CONCRESIVE
**

1077 TYPE I & TYPE II Cont'd

Page 2

Water end chemical resistance of both types of CONCRESIVE 1077 is outstanding

and similar to that of CONCRESIVE 1305 and 1310. Both materials have excellent

physical properties coopered to PCC. In structural applications, use of the

products at aabient temperatures exceeding the heat deflection temperature

(HOT) is not recommended.

PRODUCT DESCRIPTION

TYPE I TYPE II

Form

Color

Part A

Part B

Kixed

o

Typical Properties I 77 F

Density

Part A

Part B

Hixed

Viscosity, Poise

Part A

Part B

Hixed

Hix ratio, A:B

Shelf Life

Two component, very low viscosity liquid

9.5

9.3

9.4

5.0

6.0

6.0

Clear Amber

Black

Black

9.5

9.2

9.4

5.0

4.0

5.0

2:1, by volume

One year minimum in sealed containers

at ambient temperatures of less than

120°F.

TYPICAL CURING PROPERTIES AT 77 F

Pot Life, minutes TYPE I TYPE 'J-

One ,/uart M-iss

One Gallon m.i-.-.

Thin film Tack Free Time, hours

Full Cure Time, dayi

60

50

5

10

300

120

N/A«

22

..vailable K-5
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Cr}
CONCRESIVE 1077 TYPE I. «. TYPE II Cont'd

Page 3

TYPICAL PHYSICAL PROPERTIES OF CURED MATERIAL AT 77 F

The properties listed below are typical of CONCRESIVE 1077 Type I and II after

m cure time of two weeks at 77°F. Prolonged cure times or short exposure to

higher temperatures will increase the physical properties of Type II material to

those of Type I,

For applications in a nuclear radiation environment, it should be noted that

irradiation itself post-cures the epoxy indirectly by causing an increase in

temperature of the material and directly by promoting further cross-linking of

the polymer.

CONCRESIVE 1077

PROPERTY TYPE I TYPE II

Tensile Strength, psi

(ASTM 0638)
6,000 5,000

Elongation at Break, %

(ASTN 0633)
2.0 2.5

Compressive Yield strength, psi

(ASTM 0695)
10,000 9,000

Compressive Modulus, psi

(ASTM 0695)

Plexural strength, psi

(ASTM 0790)

1.4 X 10"

10,000

i. a x io"

8,000

Flexural Modulus, psi

(ASTM D790)

Heat Deflection Temperature, F

(ASTM D648)

3.5 x 10"

120

3.0 x 10"

112

K-6



CONCRESIVE®' 1077, TYPE I & TYPE II Cont'd

Page 4

ADHESIVE PROPERTIES OF CONCRESIVE 1077

TYPE I AT 77°F

Slant shear strength (AASHTO T-237; for wet test, PCC was inmersed in water

at 77°P for 24 hours, removed, bonded with the epoxy adhesive and cured in air

at 77°F). *-

CURED PCC

DRY, psi WET, psi

2000 1000

7000 5500

8000 6000

CURE TIME, days

2

7

14

EFFECT OF AGGREGATE EXTENSION

CONCRESIVE 1077 Type I is an injection material for the repair of cracked concrete

and is designed for application with SCB Process equipment, therefore, the use of

fillers and aggregates in the filling of large voids is not recommended.

CONCRESIVE 1077 Type II and Type I/II blends containing a major proportion of Type I«.

may be employed as mixtures with sand or gravel or as casting systems. It is also

possible to prepack large voids with graded pea gravel followed by injection of the

epoxy material. The effect of aggregate on CONCRESIVE 1077 Type II is indicated in

the table below which shows properties of specimens containing 3.5 volumes of sand

after a two week cure at 77°F.

PROPERTY TEST VALUE

Compressive Yield

Strength, psi 10,500

(ASTM D695)

Compressive Modulus, psi 2.7 x 10

(ASTM D695)

EXOTHFRM TKHPERATURE ON CURE

In void filling applications, it is essential that the maximum temperature which

develops on cur' remains ncderate (100-120°F) to avoid shrinkage after the gel

state of the epoxy system has been reached. This condition can be met by providing

a neat sink for f.»it reacting systems, the use of slowly reacting systems or the

employment of a adhesive system in combination with a sufficient amount of aggregate

to minimize the exotherm.
•

Aggregate prepacking is often not possible which leaves

only the slowly reacting epoxy system as a practical solution to a void filling

probl.n. CONCRESIVE 1077 Type II is such a system. In a one gallon mass, when

surrounded by air. this product dcv.-lopsf an exotherm of approximately 350°F within

three hours after mixing. The same mass surrounded by concrete shows no appreciable

exotherm because the heat of reaction is absorbed by the environment.
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CCftfCREStVET.077, TYPE I & II Cont'd

page 5

CHEMICAL, WATER AND SOLVENT RESISTANCE

Chemical, Water and solvent resistance of CONCRESIVE 1077 Types 1 and tt la

equivalent to that of CONCREStVE 1305 and" 1310. Please tefet tb this edti*s)Sdftiilhg
bulletins.

NUCLEAR RADIATION RESISTANCE

CONCRESIVE i077 Types I and II are specifically designed for Use iH hUciear

radiatioh environments. A pamphlet on the behavior of the materials mahUfdetUred

by Adhesive Engineering Company in radiation ehvirdhmehts is available UfcJttn request.

LIMITATIONS
CONCRESIVE 1077

TYt>£ I TYPE It

Minimum Application Temperature, F

Liquid

Ctottar

50

60

63

65

Minimum Cure Tittle Before

functional Use, days

Application in Thin Bond Lines tecommended

20

net irecbmmerided

CtEAM-UP

All tools and equipment Mtist be immersed or cleaned With toluene or acetorie befdire

curing occurs.

H/aNPLJNG MP TOXICITY

A and B Components for Industrial Use Only! Warning! Skirt Contact May CaUse SetioliS

Delayed Dermatitis. Avoid inhalation of vapor. Use Ventilation particularly if

heated or sprayed. Prevent, all contact with skin. If contact occurs, Wash imme

diately with soap and watet. Pairt A - SPI Classification 2; Part B ■» SPI classifi

cation 4.

The use of barriet creams, Such as Kterodex No. 71 or Indco Labs No. 2llf 513 or 214

is recommended. Clean rubber gloves or disposable polyethylene gloves provide the

best protection. Should skin contact occur, wash immediately with soap arid water,

or Adhesive Engineering Cdmpany's EPOCLEANSE ® 6001 skin cleaner;

Good ventilation is necessary for indoor work, and great care should be taken td dvoid

splashes which would endshger the face and eyes.
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Adhesive Engineering

Technical Bulletin No.

FOR LIMITED DISTRIBUTION

ADHESIVE ENGINEERING COMPANY
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A DISCUSSION OF NUCLEAR RADIATION RESISTANCE OF EPOXIES

WITH PARTICULAR REFERENCE TO THE CLASS INCLUDING

CONCRES IV# 1077 IMPROVED (TYPES I AND II)

AND CONCRESIVE 1305 AND 1310

Introduction

(1)
Epoxy resins have been employed in nuclear applications from the start

It was recognized even in 1957 ^j that aromatic amine cured conventional epoxies

were considerably more radiation resistant than systems with aliphatic amines.

One of the first specifications covering pressure injected epoxies to re

store cracked PCC to be subjected to radiation was developed in 1963 for repair

of the Stanford Linear Accelerator (SLAC) in Menlo Park, California after con

struction and prior to use and specified an aromatic amine cured epoxy for the

purpose. CONCRESIVE 1077 met this specif ica ion and was used for the contract.

Since that time CONCRESIVE 1077 has been used for concrete repair and restora

tion at the following nuclear facilities in the USA:

Structure Name

Brown's Ferry Nuclear Power Plant

Decatur, Georgia

Turkey Point Station

Flornij City, Florida

Pilgrim Station

Plymouth, Massachusetts

Allied Gulf Nuclear Plant

Sterling Nuclear: Unit I

O'iwcfi, New York

Surry Power Stat ion

Gravel Neck, Virginia

H>.Q»ire Nuclear Station

Charlott'-, North Carolina

Vallecitos Nuclear Plant

Livermore, Californi-i

Funct ion

Electrical generation

Electrical generation

Electrical generation

Nuclear fuel

Electrical generation

Electrical generation

Electrical generation

Research and isotope

manufact ure

/s\
— Mhesive Engineering Company
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Structure Name Function

Washington Public Power Electrical generation

Supply System Units 3 & 5

Satsop, Washington

Measurement of Radiation and Its Effects on Construction Materials

Types of Radiation

Radiation can be divided into the following categories:

(a) X-rays and gamma-rays
— emissions due to profound changes in the

shell and nucleus of the atom.

(b) Fast neutrons and slow (thermal) neutrons — streams of

neutral particles.

(c) Alpha-rays, electron beams (beta-rays) , protons, deuterons, positively

charged nuclei of other elements and other fission fragments
—

streams of charged particles, either positive or negative.

General Effect of Radiation Type

In terms of the effect of radiation on organic materials, such as epoxy

resins, it is categories (a) and (b) above that possess great penetrating power

and of these, in general, gamma-rays and fast neutrons are the most damaging.

In the case of category (c) , the energy of these charged particles diminishes

during passage through materials, thus the effect of radiation is observed

primarily at the surface of the material in contrast to (a) and (b) where the

effect is uniform through a substantial volume.

It is, therefore, important to take account of the thickness of the epoxy

as well as any covering materials when considering radiation in category (c) ,

both of which reduce damage.

General Effect of Radiation on Polymers

a. Chemical Effect — The general chemical effect of radiation on

polymers such as epoxy is to simultaneously increase the degree
of cross-linking or cure and, where irradiation is carried out

in air (oxygen) , to promote oxidation (deterioration) by free-

radical production, i.e., to activate the oxygen.

b. Thermal Effect — Irradiation causes instantaneous temperature
rise in the material or part of the material affected. The

temperature rise increases with the intensity of the irradiation

to a depth affected by the type of radiation. By conventional

thermal conductivity, heat is transferred from any covering
material or section of epoxy being irradiated to areas not

under irradiation. Thus irradiation may cause deterioration by
conventional heat aging (oxidation) in addition to the chemical

effects discussed above.
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Conclusion

In theory the total dosage (amount) ot radiation of .my type absorbed

by an epoxy will have the same effect (2, 3 and 4). Howvn, tin- degree of

penetration, already mentioned, must be considered. Also it is common

practice to simulate many years of lower level radiation by short-time
tosts of higher level radiation. This may be satisfactory for a comparative

• rating of a number of candidate materials, but care should be exercised in

interpretation of these effects for establishment of performance criteria.
The rate of dosage used in testing should not be so high as to cause an

unreal istically high degree of oxidation in the epoxy that does not correlate

with long-term field conditions or one-time disaster conditions.

The difference in dose rates conveniently available from different types
of radiation sources, and the thickness effect for charged and uncharged

typ«s, appear to be the main reasons for different conclusions by separate

investigative programs as to the degree of radiation absorption that a partic
ular epoxy system can withstand.

It can generally be stated that the more resistant an epoxy system is to

ordinary heat aging the greater will be its radiation resistance. This

correlates with the observed fact that conventional (Bisphenol A) epoxy resin

cured with aromatic amines are more radiation resistant than when cured with

aliphatic amines; they are also more resistant to thermal aging especially
above their Hc.it Deflection Temperature (HDT) or Glass Transition Temperature (Tg) .

It should be noted the structural capability of any epoxy system is

limited at and above its HDT due to a significant reduction in modulus with

increasing temperature. In general the modulus will be regained upon cooling

below the system's heat cured HDT. Sealing and waterproofing qualities are

usually maintained at the elevated temperature despite loss of modulus. Also the

modulus reduction may not be significant where a high degree of confinement,

due to surrounding materials, is present.

Units of Radiation Measurement

Units of radiation resistance for this purpose may be divided into two

categor ics :

(a) Measurement:, of emi :''"" (density of the radiant field), in

cluding emission through air, e.g., flux density or emission

intensity in ergs/cm
- sec or Mev/cm - sec or neutrons/cm

- sec; it in air roentgens or Mev/g of air. Also nvt; and

(b) Measurements of absorption by materials (other than air), e.g.,

absorbed dose in reps, rems, and rads.

Apart from 'he qualifications indicated above regarding dose rate, the

significant units, from the viewpoint of effect on materials, is the absorbed

radiation dose (from any type of radiation). Of the units in (b) above the

rep and rr>m refer to absorption by biological tissue thus the rad is the most

suitable unit for ur.p with epoxies.
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Some of the earlier published work on materials state dosage in terms of

roentgens or nvt's (slow thermal) neutron flux x irradiation time). In order

to make use of such data some correlation factors have been developed.

Roentgen

This unit refers to the quantity of x-rays or gamma-rays only required

to produce a fixed degree of ionization in lcc of air. The quantity of

radiation required to produce the same intensity in lcc of polymer (i.e., the

energy equivalent) is approximately proportional to their respective densities.

When dosage of a polymer is given in roentgens, the radiation source must

have been x- or gamma rays and a close approximation may be used to convert

to rads:

1 rad =* 0.88 roentgens

n.v.t.

The .absorbed dose in the polymer is considered here to be proportional to

the emission intensity (density X velocity) of slow (thermal) neutrons only

(in neutrons/cm /sec) multiplied by a fixed period of time (in seconds) .For

specific polymers, conversion coefficients to rads have been developed , e.g.,

—8

Acrylic 1 nvt = 7.0 x 10 rads

-9

Nylon 1 nvt = 1.0 x 10 rads

-7

Neoprene 1 nvl = 2.5 x 10 rads

2
nvt units are slow (thermal) neutrons/cm

Rad

As indicated above, this is the most desirable unit for both total absorbed

dose and comparisons of dose rates obtained by back-calculation (total dose

divided by irradiation time in hours or days equals rads/hr. or rads/day) .

1 rad = 100 ergs/g or 6.25 x 10 ev/g of irradiated polymer

Threshold Radiation Value (TRV)

This is the dosage in rads, required to start degradation of a polymer as

determined by the physical, thermal, electrical or chemical resistance property

being monitored.

In practice, the designer may allow up to 50% loss of a particular property

depending upon the safety factor employed in the design.

Typical TRV's for conventional Bisphenol A epoxy resins cured with the

various classes of amines are as follows:

K-12



9
Unmodified Aromatic Amines iheat cured) 1 - 2 x 10 rads

g
Modified Aromatic Amines (room temp, cured) 5 - 6 x 10 rads

7
Aliphatic Amines (room temp, or heat cured) 5 - 9 x 10 rads

It should be noted that the description "aliphatic amines" also covers

.

amine-adducts . amido-amines and polyamide hardeners for epoxy resin.

It is noted in Reference 6 that aromatic amines are 4-9 times more stable

than aliphatic amines and that basic curing agents (amines) are more stable

than acidic types (e.g. , anhydride curing agents) .

Specific Studies

The results of two specific studies carried out by independent investi

gators are given below. They were selected on the basis of close chemical

similarity or equivalency of the epoxy/aromatic systems tested to CONCRESIVE

1077, Type I and Type II (as well as CONCRESIVE 1305 and 1310).

Study No. 1

Application: Nuclear Reactor Pool Lining (with glass cloth in coating)
-

presumed use of pool is storage of spent reactor fuel rods.

g
Estimated Design Dosage: 1 x 10 roetgens would be received by

coating over 30 years.

g
Test Dosage-. 1 x 10 roetgens total over 25 hours.

0

Assumed Test Radiation: Gamma (since do^s is given in roetgens and

application is pool lining) .

at

Conversion; 1 rad = 0.88 rotAgens. Therefore:

Total Dosage: [0.88] x [l x IO9] = 8.8 x 10 rads (in 25 hours)

8 7

Back -Calculated Dose Rate: 8.45 x 10 rads/days or 3.52 x 10 rads/hour

Temperature During Test: Not Known

Result: Free films reinforced with glass cloth were not deteriorated.

Tear strength of film actually increased after irradiation.

A decrease was noted for some of the other (epoxy) systems

tested.

Reference: "Irradiation Resistance of Araldite 6005/DP-131H/DP-136 System"

(now 6005/830/850) . Ciba-Geigy, Basle, Switzerland, Lab.

Report, 1963 Sunwary reprinted in Ciba-Geigy, USA "Coatings

Technical Newsletter, No. 6, Dec. 16, 1963 - (Item »3) .

Chemical D*"-.«-ription :

Bisph-n-a A diglycnlyl either (Araldite *005) cured with liquified

■ethylene dianiline (MDA) ,
modified with dibutyl phthalate and accelerated

with a Irate of aromatic acid (Araldite Hardeners HY830 and HY850) .
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Study No. 2

Application: Proton Synchroton Vacuum Chamber Construction

Source : Nuclear Reactor Pile

Type of Radiation: Slow neutrons plus gamma rays and fast neutrons

12 2
Flux Density: 1.2 x 10 slow (thermal) neutrons/cm /sec.

12 4
Pile Factor (nvt) = flux density x 24 hours = (1.2 x 10 ) x (8.64 x 10 ) =

1.0 x 10 nvt

Conversion Coefficient used for epoxy (back-calculated) was 1 nvt =

7 x 10 rads, therefore:

Pile Factor = (7 x 10~10) x (1 x 1017) = 7 x 10? rads

Therefore, back-calculated - dose rate = 7 x 10 rads/day or

2.92 x 10 rads/hour

7 8
Therefore, cumulative dose at 5 days = 5 x (7 x 10 ) = 3.50 x 10 rads

10 days = 10 x (7 x 10?) = 7.00 x 10 rads

15 days = 15 x (7 x 10?) = 1.05 x IO9 rads

20 days
= 20 x (7 x 10?) = 1.50 x IO9 rads

Temperature During Immersion: 70 C (158 F)

Specimen Size: 2" x 1/2" specimens cut from 1/8" thick cast sheet

Tests: Ultimate Flexural Strength, Hardness and Shrinkage vs. radiation dose.
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TABLE I

Page 7

EFFECT OF RADIATION ON AN AROMATIC VS. AN ALIPHATIC AMINE CURED EPOXY

Cumulative

Dose (rads)

Modified Aromtic Amine (AERE System #16) Typical Aliphatic Amine (AERE System 41)

Flexural Strength Hardness Shrinkage Flexural Strength Hardness Shrinkage

Value

(psi)

%

Change Value Change % Change

Value

(psi)

%

Change Value Change % Change

0 18,500 0 46 0 0 19,300 0 32 0 0

3.50 X IO8 18,100 -2.2 -- — -0.3 9,600 -50.3 35 ♦9 Badly blistered
-

7.00 x IO8 15,700 -15.1 51 ♦ 11 -0.3 1,500 -92.2 34 ♦6 not possible to run

1.05 x IO9 11,700 -36!8 — — -0.3 Sample destroyed

1.40 x IO9 7,100 -61.6 42 -7 -0.3 Sample destroyed

7

w Vickers Hardness Number

*2*
Percent change in thickness. Negative value indicates increase in cross-link density.
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Identification of Systems Employed in Table I.

AERE Report R-3085 does not identify fully all systems evaluated, pre

sumably for security reasons at that time. Due to the comprehensive and valuable

nature of this report, the chemical compositions are provided below:

System #1

Resin -

Epikote 815 (Shell Chemical Co. Ltd., U.K.) same as

Epon 815 (Shell Chemical Co. , USA)

Composition: Diglycidyl ether of Bisphenol A (Epon 828) 88%

n-butyl glycidyl ether 12*

Hardener -

Epikure T (Shell Chemical Co. Ltd., U.K.) also

Hardener Q18814 (Bakelite Ltd. , U.K.)

In USA: Epon Curing Agent T (Shell Chemical Co. , USA)

Composition: 1:1 molar adduct of diethylene triamine

and ethylene oxide. (N-hydroxyethyl

diethylene triamine)

System #16

Resin - Araldite D (Ciba ARL Ltd.)

In USA Araldite 502 (Ciba-Geigy, Inc.)

Composition: Diglycidyl ether of Bisphenol A

(Araldite 6020) 84%

dibutyl phthalate lf%

Hardener - 4,4'-diamino diphenyl methane (UK) or 4 ,4
'

-methylene

dianiline (MDA) in USA.

Note that 25 phr of hardener was used in System #16 rather than 22 phr, thus amine

stoichiometry was in excess at 113.6%. (Exact, i.e., 100%, stoichiometry would be

expected to result in even greater resistance)

Other Systems

Resins -

System Nos. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 18

used Epikote 815.

Systems No. 12, 13, 14, and 15 used Epikote 828

System No. 16 used Araldite D.

Hardeners -

System No. 2 -

Epikure K61B (UK) or in USA

Epon Curing Agent D

System No. 3 -

Epikure Z (UK) or in USA Epon

Curing Agent Z

System No. 12 - Nadic Methyl Anhydride (methyl endomethylene

tetrahydrophthalic anhydride) .
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A v.RE Conclusions

Among the conclusions of the above study wore the following:

1. Aromatic amine cured epoxy producted considerably more radiation

resistant systems than aliphatic amine cured systems.

2. Breakdown, in the case of aliphatic amines, consisted of a

rapid fall-off in flexural strength and formation of gas

blisters.

3. Diamino diphenyl methane (methylene dianiline) is the most

radiation resistant, commercially available hardener.

K-W
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Reference: AERE Report R-3085 entitled "Some Effects of Radiation in Cast

Epoxide Resin Systems", by I.D. Aitkin and K, Ralph. Atomic

Energy Research Establishment, Harwell, England, 1960.

Summary and Comments:

CONCRESIVE 1077 type systems (including CONCRESIVE 1305 coating and

CONCRESIVE 1310 mortar) based on modified aromatic amine hardeners, are probably
the most radiation resistant, room temperature curing epoxy systems available.

The TRV appears to be of the order of 5 to 6 x 10 rads while useful service is

provided up to 7 x IO8 to 1 x 10 , depending upon the design criteria involved.

Despite the well documented superior radiation resistance or aromatic amine

cured conventional epoxy resins, coatings currently used for protecting nuclear

power plants are generally based on aliphatic amines, amine adducts, amido amines

and polyamide resins and, exhibit relatively poorer radiation resistance than

the available state-of-the-art.
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Neither sellot nor manufacturer has any knowledge or control concerninq

the purchaser's use of the product. No express warranty is made by seller or

manufacturer with respect to the results of any use of the product. NO IMPLIED

WARRANTIES. INCLUDING BUT NOT LIMITED TO AN IMPLIED WARRANTY OR MERCHANTABILITY,

OR .VN IMPLIED WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE, ARE MADE WITH RESPECT

TO THIS PRODUCT. Neither seller nor manufacturer assumes any liability for per

sonal injury, loss or damage resulting from the use of this product. In the

event that the product shall prove defective, buyer's exclusive remedy shall be

as follows: Seller or manufacturer shall, upon request of buyer, replace any

quantity of the product which is proved to be defective, or shall, at its

option, refund the purchase price for the product upon return of the product.

August 1980

19o0 Adhesive Engineering Company
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Technical Bulletin A/E 470

July 14, 1982

Revision 1

September. 1982

ADHESIVE ENGINEERING COMPANY
1471 /.VDL5TKMI ROAD

PHONE (47 5; 592-7900

SA/V CARLOS, CAllfOR\IA 94070

7UIX 34-8459

CONCRESIVE AEX-1512

QiEMICAL/RADIATION RESISTANT MORTAR BINDER

Description:

Uses:

Solventless, long pot life, room temperature curing epoxy

mortar binder. Designed for mixing with suitable aggregate

to produce mortars and grouts with good resistance to most

highly corrosive chemicals and superior resistance to

radiation exposure.

- Grouting machine bases and sole plates where resistance

to chemicals is required.
- Grouting voids where resistance to radiation is required.
- Patching and grouting where a long working time is required.

UNCURED CHARACTERISTICS OF BINDER

Form: Two- component, low viscosity liquid

Mix Ratio, A:B 2:1, by volume

Standard Packaging: One gallon unit

Part A Part B Mixed

Color: clear amber dark green dark green

Density, lb/gal: 9.52 9.22 9.40

Viscosity, poise: 7.0 10.5 8.0

Shelf Life: One year minimum iii sealed containers ait ambient tempe

of less than 120°F.

Registered Trade Name, Adhesive Engineering Company
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CONCRESIVE AEX-1512

Page 2

Revision 1

Technical Bulletin A/E 470

July 14, 1982

CURING CHARACTERISTICS OF BINOFB1)

Pot Life, minutes:

22S g mass

60

Full Cure Time, days: 16

Strength Development 9 77°F:

Cure Time

25 hrs

40 hrs

48 hrs

9 days

Conyressivc Yield Strength, psi (ASTM D69S?

1,600

6,300

7,400

12,000

2)

2)

CURED CHARACTERISTICS OF BINDER3^

Tensile Strength, psi ASTM D638

Elongation at Break. \ ASTM D638

Compressive Yield Strength, psi ASTM D69S

Compressive Modulus, psi ASTM D69S

Flexural Strength, psi ASTM D790

Flexural Modulus, psi ASTM D790

Heat Deflection Temperature, °F ASTM D648

Expansion Coefficient, 1/°F (strain gauge)

6,000

2.0

10,000

2.4 x 10"

8,000

3 x 105

118

4 x IO"5

CHARACTERISTICS OF CONCRESIVE AEX-1512 GROUT

lortion of grout mix (one standard unit):

CONCRESIVE 151 2 1 gallon 9.4 lbs

A/E SPECIAL GROUT BLEND 1 bag 44.3 lbs

Total Weight 53.7 lbs

Yield 3 gallons 0.4 cubic feet
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CONCRESIVE AEX-1512

Page 3

Revision 1

Technical Bulletin -MI 470

July 14, 1982

Peak Exotherm (1 quart mass) ':

Strength Development @ 77°F:

Cure Time

Time, minutes

Temperature, F

In air In water bath
. ■..•«. a.. • ■ ' I PM J HI I '!■■

100 No exotherm developed,
87

30 hrs

10 days

Compressive Yield Strength, psi (ASTM D69S)
■ r a a. .a* .i.i ■ um ii ■■! n ■ iima-JHi ■ —■■ Tn ■ »--M»-j4l-M-^^|^^p«wl»l«wwWF^»«»»WW>^BW>^fe«

S,40Q2^
15,000

Linear Curing Shrinkage:

Coefficient of

(strain gauge)

less than 0.1%

Coefficient of Thermal Expansion, 1/°F: 1,2 x 10

1) 9 77UF

2) 2% Offset Yield

3) Cured 14 days 9 77°F
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Description
*•. tA*-*a,-M, tOCHT> If*-p. .#>, -0 CU> nQ«>pCUVfl meti|i

t»"a* • {mt-.st'sr-i t,s, m , ,,v> ^^ l>04abl»- •QQI«>«4|I»»<.

Uses

c*a»«»fl»r* tVioZante • rrqu*t>ts MavtN*^s ^'«;

wtarMactunnp,» v.s«g M'onp rnwrrncatsmrMKtg

Revision 1

ifpiAluif mofl*t« tenia": ii ftio»l ►.•gf't iiw; ■.<

Ch^ntKaU'' Sl»rxi*i<3tCM<- i« tmc. if
•

plating locmr, »c a rt"ii"g rooms 0<t • •
•

r»t «< >-i :

catsftaven siaugw ho^st?-. pape- pop plant* ano

nucwat po«t»t p..f'-

Features
Phwi-n :•".M-^-xj i».!a^liori ot) fcmc't '■ a^i

f0se* %JtW»aM'r,909l-- -. 'cr-*- -

,. 3a ieriOral«n

mg NgMerripetaf-.i^ ana .lurica' tW<»l«rir By ft?"

i«nol a suriat** aggregate upt andg>aaiK. CON
CRC S'Vt t310monatscanprovtde'iiph<,>>d ti^ivanfi
•■vi tftisiancr io mecfianicai at>.<s<» and neat

Product characteristics
*■<■ component io* vaajcosi, .^ju.j

Color Pan a ■■.-,- p„n B • c»a» brown v . .^ rr ,i

Sen-:.* -< • rotors av»>iatte .,£•-• -,x:,.a <■•

Typical Density*, lb gal (kgi-t') o.v A- 102

HaWi! i art ft 9 ..■ .?11?;. M .<>*■ -9 ,

•

"H-

Typical Viscosity*, pots* (Pa-») Pan A- e 0

0 »: Pan 8 - 1 ."'"•■! I .Ti Mnied 10 0 1 1 001

Mia Ratio: 2 rats a to t part B r, volume

Standard packaging: i gallon (3 f arr i ano 1 6

0.nort(568atn i gnits

Shalt Me: Ont rear minnmum rr seated containers

•190 f (32 'dor oe»*

Effect of temperature on cure (typical)

A >|*

I kJAJ- '■. «■ " «AA\

i i. on (36 W»> I maw O* mortat arttt 3
'

voium,-* graoert sand

**:» '•« Time

Cp"' *ji«r tOAKj". TiaH>c

u. T*ne K) 'a- ' ■*

i» liaflc
f '

* "- -.- '.r. .'or ngj.rfAijrT Chemical resistance)

Material Temperature
M F (10 C) TT r (25 C)

?0 rri«ull>S 3(; m*nutt**i

t rv.j-s 2 hoots

13 hours 7 houts

20 hours 9 hours

35- huuts 1 6 hourt

14 days 7 oa,i

Typical properties of cured mortar*

C;-j."a.a .. y«ia Snengih p$j iMf'Ai-

aAt-v :, <•-<

Campn-SW* Modulus pS< M*4*

■ASTMO«'^

CONCRESIVE 1310

i'. 00C '6891

?? ■ 10 '6*' 0)

PCC (lor comparison)

5.500 37 9

3' « 10- <213T1 tl

XOHTP4 tMi ijtr «■«• f >««jnaas 9tarJ*o sane u**a 1 d*«rat im i^b C> ano '« v.-- *• ?* i

Typical mechanical properties of cured binder'
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' Sat-flfa^-c C -~ -:«e«r-

f.'t-rt

fWOMB

*^*M 0 638

ASTM D *<"
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Chemical resistance properties of cured binder
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Chemical resistance properties ol cured binder (continued)
Hydrochloric (munalici acid up lo 10% lo 158 'F (70'C)
(encelieniiurlo 15% to MO'F <60'C>(exceHi>nt-37%

(concentrated! (not resistamt

Linseed o« milv acid al 77"F (25 "Cl (excellent)
Nitric add 3% al 77°F (25' CI (surface allar.ii only alter 10

months! up lo i(l%ai 77 F C5' Ci (Surface attack only affxi
i mfiniriF;i 50% al 77'F CVCi mot lesislann

Plir-sphdr.i and up lu .%% to 1 5R"F 1 70' Cl (Pxcellent, 43tii

a: 77*1 (25 Ci I bli'.lfied allt'f 18 monms) - 4 3% al UO !

iSO' O ilirnilrcl ffsistam n

Silf acid ai 77'F (25 Cl (exo'llcnl)

Sulfuric aiul up if 60°. In 140 F (60' Ci iexcellenl|- up in

10% al 158 F (7() Ci ii'.tflirnii ,'■0°- lo 30% al 158 "I

I70TI iiimilfd resistani.il 7(w\. moi lesistann

Alkalis (Bases' diluted with waipt

Ammonium hydroxide (ammonia!-up lo 28% al 77"F (25 C I

ir«cellenti 10% al U'2'F (50' Ci H"nitA>d resistance) IO")*

at 158"F (70'Ci mot res'Stanll

Sod.um t-ivatomdp icausi'i soda. -up to 50% al 77"F (2b' Ci

(excellent) up in 30% to 156'F i70'Cl { excellent i -50% al

140' F i60' Ci (e»cjiien|i -alter l month (probably mucfi

longer I

Waters

Sea water tap water distilled watc and oeioni?ed water up to

158'F |70'C) (excellent)

Salt (olullom

Sod'um chloride (table saln-up io 20% (exceilentl

Sodium sulfate - 30% ie«cellent)

Blaachai

Sodium sullilc |1%) spenl sulfite Iiquoi zinc hydrosultite (1%)
calcium hypochlorite (5%) sodium hypochlorite (Chlorox •)-
5°* al 77 F (25 Cl Ian p»ceifpnn

Papr'i Meat tin rg solution al 77 F i25"C) inoi resistant)

Solventt

EthvtalcohoUin watei)-uplo40%ro t58'F(70'Cl(e«CPlipnll-
50% ai 77"F (JS^C) (excellent) -95% al 77T <25°C) (not
resistant i

Normal and secondaty butyl, iso propyl and diactMonc alcohols

al 77"f <25"Ct (hrnriort resislancel

lohnw al 77'F (25 Cl inoi tpwslanii

Hcptanr. tolueno |25 75 1 al 77' F u':'< Cl itirrmid iff-.'slam ii

Heptant tofutvu.. (Ml 50 ano 75?5i .if '71 • ."",< r (Cxcr-Hini,

Xylerit- (limiii-.: rpy.tMaiic.tM

Gasoline and kcospn" at 77 1 (?5'Ct it .'< ..t.ii

Carhiir. tctiai-iitiinrti hi 77'F I?'. Ci r( n i i.-nn

f l»iyi acetate mt.-ihy! tsu butyl ketone it/Ht* i ,-« rlnri, r>,. ny
elhyi kilo"" iWEKi itirhlntnPttiyVni' rii|rot>.?i„im-

odrchi.trohrnzerip eihyi erne- tetheti. me)tiA-ti...rie chloiid.

ehkvoacey chioiidc at rt ( i25 C|(nnl resit-tarei
Alta;v by thew snivp^ts is not sinc'iy chemica' bul a so'ienino,
or swelling action it the floor does not iec-jivo ^c-a.* trait U
while tne solven! evaporates rtios" ol the- i-ngitial stier.gth
is tegamed

Miscctlaneeut materials

Sour crudt oi luei tut mmeiai oil ed'bte oil lard c.onon-seeo

cm diociyf phthaiale dibutyl pw.aiaie Itictesy' phosoha''

pine on ethylene glycol at 77 'f (25 Cl fe»ceiienl!

Mineral c* al 140 F (60'C) (exciriienil

Hydiogen peroxide -20% al 77lF i25'Ci ie«cen"nti

Formalderiyde - 37% lexcelleni)

Slyiene at 77'F (25'Ci (not rcsis'antt

Epichtorohydnn at 77'F (?5°C) (not resislan'i
Phenol (m walen 7% ano 95% (not tesiEtanii

Sodium monochloroaceiaie ftn watpti^t'i at 77°F (?' Ci

(IrmitPd it'SiManrci

Ucleipi-nl solution S"i a! 77 t (.';. C) ivtx pllr-in

Limitations
Application ol CONCRESIVE 1310 is not recom

mended when the ambienl and 'ot substrate tempera-
lure is below 50°^ (10"C) during application and cure

Although cure will take place down lo 35°F ( 1 °C)

Ihe mortar becomes very difficult to trowel due to in

creasing viscosity of the binder with decreasing tem

peratures CONCRESIVE 1310 mortars should not be

installed in areas subjected to treeze-thaw cycles

Neither seller nor manufacturer

has any knowledge or control

concerning the purchaser's use ol

the product No express warranty
is made by seller or manufacturer

with respect to t",e results of any
use ol the product NO IMPLIED

WARRANTIES. INCLUDING BUT

NOT LIMITED TO AN IMPLIED

WARRANTY OF MERCHANT

ABILITY. OR AN IMPLIED WAR

RANTY Of FITNESS FOR A

PARTICULAR PURPOSE ARF

MADE WITH RESPECT TO THIS

PRODUCT Neither seller nor

manufacturer assumes any liability
for personal injury, loss or damage

resulting from the use of this

n-oduct In the event thai the prod
uct shall prove defective buyer s
exclusive remedy shall Oe as fol

lows seller or manufacturer shall

upon requef ot buyer replace

a^y quanMy of Ihe product which

is proved to be defective or shall

at its option, refund the purchase

price tor the product upon return

of the product

Instructions for use
Surface preparation: Surfaces must oe free of dirt

or dust, paint, grease oil. rust or other contaminants

Surface may be damp if unavoidable Sandblasting.
water blasting, flame blasting, chipping, scanlication,
or etching and rinsing the surface of the old concrete

is recommended to expose clean sound surfaces

Aggregate selection: Proper aggregate selection
is essential for a high quality nonpoious patch or

overlay High quality silica sands—washed, graded, and

bagged— are commercially av*lable and are most

commonly employed
The coarse fractions of the aggregate should be

sub-angular m shape, because the coarse round

particles tend to roll" under trowel compaction The

fine fraction should be round lo assure proper particle
packing and ease of finishing

The ratio ol aggregate to binder should be trom
6 5 1 to 7 i by weight faich mixes (those with excess

binder) are sticky and ditticuit to finish while lean

mixes result in a porous overlay which can lead lo failure
The following aggregate gradation is recommended

Std. Sieve No. % Weight Passing
8 100
10 80-100

30 53-73

50 26-46
100 8-24

200 1-8

270 0-3

325 •. 0

By calculation, select three or tour sand sires m

proportions such that ihe blend falls within the gradation
limits Then calibrate containers to proportion Ihe

various loose volumes corresponding to the weights
required for the batch si.e of the mortar Two adiacenl
sizes can be pre-blended off-site but not the com

plete gradation since separation will occur during
transportation and handling

Planning your aggregate mix ahead of time will

save lime and moneyand prevent taiiures Consult

Adhesive Engineering or your local aggregate plant
for assistance in this procedure

Mixing: Mix only the amount of material that can

be used belore the end ot the pot-life Measure the

material carefully and add Pari B to Part A Mix thoroughly
using a paint stirrer (eg . a Jiffy" Mixer Jiffy Mixer Co .

Irvine. CA) attached to a low speed (450-750 rpm)
electric or pneumatic drill Carefully scrape the sides
and bottom ot the container white mixing Proper mixing
will take about three minutes, and the mixed material

must be streak-tree To prepare mortar, pour mixed

binder into a mortar mixer (eg KOL Mixal* . Model M60.

QE-8.'<4 HP equipped with a Model R paddle Irom

Man-U-Fab Ine . Minneapolis. MN) and add ihe cali

brated quantities ol the different sand sizes Mix an

additional three minutes alter adding all the sand

Application of mortars: The substrate should be

primed with a thin coat ol CONCRESIVE 1310 before

applying the mortar The mortar is then applied evenly
over the desired area After distribution is complete
irowei finishing is required to obtain a compact overlay
Most applications require a minimum compacted thick
ness of '.. inch (6 mm) Occasional wiping of the trowel

iac,e with a cloth dipped in toluene or lacquer thinner
will prevent excessive sticking of Ihe mortar Caie must
be taken not to transler solvent lo the surtace ot the

mortar

Handling and toxicity: Tms bulie'ir- does not

accompany the product when sold For specific hazard

warnings and first-aid instructions READ THE CON
TAINER WARMNG LABELS CAREFUI ' v

CONCRtSlVf. is a reg.stcieo trade namc'ot Adhesive Enginrpnno r.c

at-.mtmt' of ihc

^aVjtrnnsoN
conPOflATCM i.Aflii .

ADHESIVEEN&NEERING COMPANY
vm Industrial Road, San Carlos, CA 9407a4415)592-790Q/Tele>; 34-8459

Augur.! 1S7S
K-i!6

rnnt»d In USA.
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ADHESIVE
ENGINEERING
COMPANY

memorandum

From Hri.m Carr Date September M, l')K.'

Subject The Durability of CONCRESIVE® 1512 Grout Replaces Memo dated 8/19/82
and CONCRESIVE ISIS Gel Seal

1> Bob Rioux Copies W. Eisenhut

Anthony Gaffney

At your request, a literature review (limited in scope to publications
on hand) on the sub.iect of the durability of aromatic amine cured epoxy

resins in various environments was carried out to indicate the back

ground for the selection of CONCRESIVE 1512 and 1513 as promising
candidates to submit for simulated life testing by a potential customer

attempting to design storage containers to safely contain aqueous radio

active waste when stored underground for 300 years.

Durability could be described as the ability of material to resist the

various adverse environments to which it is exposed thereby determining

its useful service life.

Such effects may include the permanence of the adhesive seal and grout

seal in adhesion «ind their impermeability when exposed to oxidation,

elevated thermal degradation, low temperatures, sunlight, radiation,

water, chemical reagents, oils and biodeterioration.

Radiation Resistance

The nuclear radiation resistance of liquid aromatic epoxy resins (conventional

Bisphenol A type) cured with aromatic polyamines has been demonstrated and

described in Adhesive Engineering's Technical Bulletin No. 315. References

I through 6 (page 12), Study »1 (page 5) indicates durability as a cooling

pond lining in the presence of both water and radiation amounting to about

1 x \Q rads to be received over 30 years. Further details of this study

are now available in a Swiss technical bulletin on pages 4 and 5 (enclosed)

published by Ciba-Geigy. The use of glass (silica) reinforcement or filler

improves resistance in absence of excessive air bubble entrapment.

Study '2 (page 6) compares an aromatic amine cured epoxy resin with a

typical conventional (aliphatic) amine, data generated during material

studies for construction of a 7 GcV Proton Synchrotron in Harwell, UK.

A further description of construction is given in Ciba Technical Notes »2J7

(Nov. 1961) and of other nuclear engineering studies through October 1967

in Ciba Technical Notes for this month.

Adhesiion

Due to the presence of polar hydroxy I and ether groups combined with low

cure shrinkage of cpnxy renins, adhesive strength is perhaps the best

obtainable in plastics technology (ret. lee (, Neville. Handbook of hpoxy

Resins, McGraw-Hill (1'".7), P. 1-5).
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Resistance to Water and Chemicals

Lee § Neville (p. 8-2) state that aromatic amine cured systems are very

resistant to chemical (including water) attack being superior to the con

ventional room temperature cured systems (which employ aliphatic amines

and polyamido amines) and to the anhydride-curing agents (which require
an elevated temperature cure even when modified).

Heat Resistance and Long Term Aging

Reference same page 8-2 above. The aromatic amine cured epoxies are

superior in both those properties to the aliphatic polyamines (and polyamido
amines) which are considered the standard room temperature curing agent

types.

Diluent Migration

The minor quantity of dibutyl phthalate (DBP) present to obtain cure at

ambient temperature does not exhibit migratory tendencies on aging

(Lee § Neville p. 13-3). Data exists showing the minimal effect of vacuum

(space) on the volatility of DBP diluted castings, however, we have been

unable to retrieve the reference to date. When not encapsulated in resin, the

vapor pressure of DBP is 1 mm Hg at 148.2 deg. C according to the "Handbook

of Chemistry and Physics".

Biodeterioration

Cured epoxy resins, in the absence of polyamido amines or vegetable oil
modifiers show excellent resistance to fungus and the like (reference Lee

$ Neville, p. 6-52).

Low Temperatures

Cured epoxy resins expand and contract more than PCC or steel. Expansion
due to a rise in the ambient temperature is not generally a problem since

thermally induced stress relief (lowered modulus) occurs concurrently with

the expansion. Contraction due to low ambient temperatures is to be con

sidered at the design stage. Thermal contraction and expansion are greatly
reduced via introduction of fillers (which also serve to reduce any
exothermic heat of reaction or cure). The blend of, e.g., silica sand or

filler and resin may be treated as a composite of reduced coefficient of

thermal expansion (CTE) and calculations made knowing the probable low exposure

temperature, the CTE, of cured resin and fillers and the concentration of

each, the shape of the grout/seal and the tensile strength of the substrates.

A safety factor for fatigue of the bond line is allowed if thermal cycling
i n I'lp-ioltt .
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Sunlight i, Oxidation

Oxidation can cause deterioration often by initiation of numerous micro-
cracks which may propagate. One class of antioxidants and antiozonants
are the substituted para-phenylenedi amines which cause large increases
in the critical energy required for the propagation of cracks. (Reference
Weathering and Degradation of Plastic, a book edited by S. A. Pinner,
Lender published by Gordcn and Breach; Science Published, Inc. -

page 45.)

These materials are usually incorporated into various plastics as additives.
In the case of epoxy resins cured with aromatic polyamines, such as MDA

and MPDA, the entire thermoset polymer network contains molecular segments
that are analogous to substituted para-phenylenedi amines.

This is believed to be a principal factor in both the high resistance to

heat and oxygen as well as radiation of the systems.

On exposure to direct sunlight and oxygen, the UV component of the light
acts as a catalyst oxidizing an extremely thin outer layer of cured resin

causing the well known phenomenon of "epoxy-chalking". It has been specu
lated that, with most epoxy coatings, their longevity may be associated

with this "protective chalk" in a manner similar to the oxidation of

galvanized steel.

A greenish surface coloration may first appear since MDA (curing agent) is

a dye base. This disappears between two and six months with the onset of

the build-up of a tan "chalk" and loss of gloss.

Since the material is to be buried and, therefore, not exposed to direct

sunlight, much of the above may be moot.

Heat Aging Extrapolation Methods

One of the classic methods used by materials engineers to similate heat

aging/oxidation for many years was described in "Heat Resistant Encapsulating

Resins" by Lee, Proceedings Soc. of Plastic Eng., 15th Annual Technical

Conference, New York, .lanuary 1959.

This work is also summarized in some detail in the book "Electronic Packaging

With Resins" by Charles A. Harper (McCraw Hill Book Co., pp 241-246).

Lee first prepared graphs of a large number of systems, including the aromatic

amine curing agents MPDA, Curing \>:ent Z (Shell Chemical Co.) .and DDS

and determined weight loss in air with time for 1000 hours. Temperatures

were 175 C, 200 C, 225 C and 250 C. "Useful life" was defined as 16% maximum

permissible weight loss on original specimen weight.
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Arrhenius type master curves were then prepared with the percent weight
loss per 1000 hours of "useful life" against aging temperature. Linear

relationships were derived for the majority of systems including the three

aromatic amines used to cure a conventional unmodified epoxy. From the

1000 hour data, reasonable extrapolations were made to 18.3 years continuous

operation at 140 C in the case of an aromatic amine (MPDA * metaphenylenedi-
amine) which is generally similar to MDA and also (although not plotted in

the enclosure), in the case of Curing Agent Z, a blend of MPDA and MDA

modified with a monoepoxide to lower the crystallization point.

A method of this type might be considered an evaluation of the Container's

epoxy grout, seal and internal coating, although criteria other than per

centage weight loss, e.g., time to a specific degree of substrate rusting
or film blistering, would be more appropriate considering the nature of the

application and the lower test temperatures required to extrapolate data

for the unusually long design life. Extrapolation of Lee's data beyond
his present order of magnitude would not be valid due to the high margin
of error.

History

Fortunately, we were able to recover a copy of the original Ciba, UK,
bulletin on System #16 described in the Adhesive Engineering Bulletin

AE-455 (page 8).

As can be seen from the back page, the system (under its experimental
designation) was introduced on the first of September, 1958, while the

supplement indicates that six months chemical resistance data as a coating
on steel panels had been collected for publication on November 1, 1958.

Note on page 2 of this bulletin that Resin X83/8 eventually became Araldite D

and Hardener X83/8 is 4,4' MDA. Accelerator X83/8 is a mild carboylic acid in

a plasticizer, used in small quantities to accelerate the cure rate if

desired. An abstract of the analysis performed in 1961 by a third party
is enclosed to demonstrate the point that systems very similar to CONCRESIVE

1512 and 1513 have been in use for about 24 years.

The composition used in Study #1 will be found on page 5 of the A/E
bulletin. Note its similarity to X83/8. A May 1964 Ciba, UK, bulletin
demonstrates that the slightly revised version has been in use since at

least May 1964, and used for bonding both new and cured concrete.

Frequent references have been made to Ciba-Geigy, a large Swiss multi

national Corporation who, apart from their well-known activity as a

pharmaceutical manufacturer, also manufacture and formulate epoxy resins

and hardeners. Being a large concern, their documentation is more compre
hensive and the systems' referenced are so chemically similar to our own

that we believe the data to be essentially interchangeable. However, A/E's
advantage is its ability to custom tailor these basic systems to meet the

performance needs of a specific project combined with practical application
characteristics .

K-3U




	Book title
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 
	Page 


