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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 tG&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 coi-
plete set of design drawings is included as an appendix. Uther 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-11 prefilter liners from Unit-2 of the Three Mile Island (TMl)
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 nhas out-
side dimensions of 62.5 inches diameter by 84 inches high, and is designed
to ensure a 3U0-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%X.

The muiltiple-corrosion-barrier concept is supplemented by aluminum
hydroxide, which reduces the chemical activity of corrosives potentially
arising from chemical decomposition of organic resins in the EPICUR-II pre-
filter liner. Aluminum hydroxide, an effective amphoteric material, tends
to neutralize both acids and bases.

An epoxy seal between tnhe 1id 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 1id in place. After curing, this epoxy material has a greater
strength than the concrete; thus, the concrete has to fail in order for the
1id to loosen.
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DESIGN ANALYSIS REPURT:
HIGH- INTEWLRITY CONTAINER FUR UISPUSAL
OF tPICUR-11 PREFILTER LINERS

1. INTROOUCTION

This report describes the design and presents supporting analyses for
the High-Integrity Container (HIC) developed in response to EG&G Specifica-
tion es-soss:s.‘ The purpose of the 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
t6&G Subcontract No. K-9063.

The introductury section presents a briet description of the HiL system
and a summary 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 geci-
sions. Section ¢ contains a complete description of the HIC system.

Section 3 summarizes the detailed design and selection rationale. Sec-
tion 4 presents recommended changes based on experience during fabrication
of the prototypes. Uetail 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, anc material selection.

1.1 The HIC System

The HIC is a reinforced-concrete container designed for use in dis-
posal of EPICOR-1]1 prefilter liners from the TM] Unit-2. The container is
designed to ensure safe, reliavle, belowgroynu disposal of the radioactive
waste for a minimum period of 300 years (~10 half-lives of predominant
isotopes).

Figure 1 fllustrates tne HIC design configuration. Appendix A con-

tains detail drawings for the HIC. Corrosion resistance is provided by
regundant corrosion varriers, supplemented by aluminum hydroxide to reduce

1
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the chemical activity of corrosives.? Each corrosion barrier provides
adequate containment for the 30U-year life of the container. Summed
together, the collective barriers give a HIC life in excess of 1,200 years
based on reliapility analyses of Appendix B. The container 1iu is attacheo

to the body by two separate materials, both of which form permanent seals.
Tnose materials are installed independently, by different techniques and

processes.

tvaluation of EPICUK-I1 Prefilter No. 16 confirms that tne EPICUR-II
radivactive waste materials evolve significant quantities of gas.2 As a
result, the HiL is equipped witn a venting system for excess gas removal.
The vent 1s cast into and protected by the reinforced concrete 1id assembly.
The container possesses sufficient burst strength to contain all gases
witnout venting (see Appendix C).

Lifting, loaging, ana handling features are desiyned for quick discon-
nect to facilitate remote operations, thereby minimizing personnel exposure
to raaiation.

1.2 key Finaings

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 s cured, it is nu longer susceptible to damage from freeze/tnaw
cycles. The container has sufficient impact strength to permit handling by
conventional means, such as crane or forklift. Lifting inserts in the con-
crete provide a means for safely moving the cured container.

a. many 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 rely on experimental gata
derived from material testing and mathematical extrapolation from measured
trends to estimate corrosive duravility of materials over lony periods of
time.



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 EPICUR-1I liner and wall of the HIL,
thereby preserving the integrity of the phenolic corrosion barrier.

1.2.3 Sealing

The epoxy seal beaa is placed manually around the rim of the container;
the EPICOR-II liner is inserted; then the 1id is lowered into place. An
epoxy grout is poured remotely into the annular space between the 1id and
body of the container. Kemote grout placement, necessary because of the
excessive radiation levels produced by the EPICOR-II liner, is facilitatea
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

DUT regulations require that significant quantities of radioactive
material be sealed inside a Type-B shipping cask for transport over public
roads, 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.?2 Temperatures
during transport may range from -4U to +17U°F (see Appendix U).

a. H. M. Burton letter to Or. W. W. Bixby "EPICUR-II Shipping Safety
Assessment Document Cask Insertion Requirement," Hmb-511-82, EG&G Idaho,
Inc., November 4, 198Z.



1.2.5 Disposal

The most critical nonthermal conditions occur after disposal of the
HIC and its contents. Externally applied pressures of 150 psi will induce
comgressive stresses on outer surfaces of the container. Internally, gases
generated primarily by dissociation of water will'escape through the vent
system in the 1iad at an estimated maximum rate of 0.U5¢ mole/day, or
0.049 liter/hour. That flow-rate will maintain internal pressure of the
HIC well below gesign maxima.

Once a HIC 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 oxyyen are to be avoided, because
degradation of protective coatings could be accelerated.

1.2.6 Test Evaluation

The first prototype HIC, S/m0O1, was subjected to a series of venaor
evaluation tests (see Appendix £), which focused on the mechanical and
structural integrity of the container as specified \n design requirements.
All design requirements and required containment of contents for handling
events (accidents) were demonstrated.



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 1id 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. OUperational support equipment provided to facilitate hanaling and
loading of the container consists of lifting gear for the 1id and container,
and a loading interface collar. The relationship of HIC components 1s

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 HIL 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 ana external loads. Recessea eyes and precast
inserts provide for convenient handling and stacking of containers.

Seals. Redundant seals bond the 1id securely and permanently to the
container. The interior, or primary seal, is formed from Concresive
AtLX-1513, a product of Adhesive Engineering Company (San Carlos, CA). A
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TABLE 1. SYSTEM DESIGN REQUIREMENTS FOR THE HIGH-INTEGRITY CONTAINER
Fu~ction Requirement Parameter Uesign_Goal Design Result
Life 300 years Mean time 3UU years 1,204 years
to failure
Vent Prevent pressure buildup Gas release >0.052 mole/day >0.15 mole/aay
Vent Prevent release of Fluid in- Groundwater will not fill  Goal demonstrateg for
liquids filtration container in 300 years hydrostatic heads of at
(<1 x 10-% cm /s) least 55 ft
Vent Prevent release of solids Particulate Retain particulates Multiple 1- and 5-micron
exit >5 microns filters
Corrosion Adequate for 300 years -- 300 years --
allowance retention of waste
Lift vertical load, 3 g Factors of Factors of 3 on yield and  Minimum margin of safety
provisions safety 5 on ultimate = +0.03
Stacking Design for stacking Surface Top and bottom surface Top ana bottom flush and
flatness flush and flat flat
Stacking Stack six high Vertical 19.7 psi vesignea for 15u psi
pressure external pressure
Weight Legal transport NA Transport option of NuPac WA
(no overioad) proposal {para. 2.2 and
3.1.1) not exercised
Contour Avoid water entrapment Contour Smooth vertical sides; Goal attained
in voids/pockets no pockets
Bulk Container shall not -- -- Bulk density = 1.8
density float; density >1.2
Transport Design tor Type-A or Transport Transport integrity ana Type-A package conditions
type Type-B, as applicable type shielding provided by a are satisfied

reusable package



TABLt Y. {continued)

Function Requirement Parameter Design Goal Lesign Result
Corrosive Container thick enough to  KRedundancy Multiple corrosion- Selected barriers not
environment provide 2us margin based resistant barriers subject to failure by

upon projected corrosion corrosion; multiple
rates barriers
Neutraliz-  Permitted Neutralfz-  Neutralize all corrosives 0.83 1b AL{OH)3
ing agent ing agent required for neutral-
fzation; ¢U 1o furnisned
Decay heat 8 W -- -- waste temperature less
than 8°F nigner tnan soil
temperature
internal Saturated air with H,, Gas Detail predictions Compatible coating and
atmosphere S0, , Co, €Oy, Ny, generation in Appenaix C vent materials selected
ang 3H2
Cnioride Z-<c00 ppm in free- -- .- Compatiole coating
content standing liquid materials selected
pH 2to il | pH neutralizes to pH 7-9; Anpnoteric material added
coating design to control pH
requirement, pH 6-10
Internal 10 psi maximum Internal Vent flow rates at vent flow at lu psi,
gas pressure 10 psi 30.1: mole/aay
pressure

internai 10 psi maximum Internal ¢S5 psi for structural Container margin of
gas pressure integrity evaluation safety = +8.84 vent;
pressure margin of safety = +U.bU

(test)
Contact specific estimate = Initial Internal coating = HIC matsrials selected
dose 2000 rads/h contact 3276 rads/hr for >107-rads

exposure capability
turie 80% of Ci in 18 ft3 Curie Uniform deposition over HiC materials capable of
deposition at top deposition top 6 in. of resin, or >109 rads exposure

top half as applicable
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TABLE 1. (continued)
Function Requirement Parameter Design Goal Uesign Result
Integrated Specif&c estimate Integrated Varies with location: HIC materials have
dose 1 x 50 Rg <1 dose 930-Mrad-coating; 9-Mrad- greater than 10? rads
x 107 Ry vent, etc. exposure capability
Soil 68 + 18°F -- -- Boundary conditions:
temperature thermal analysis
Soil 0 = 0 to 3 mg/L; Soil Eastern and western Lorrosion of rebar cannot
pnysicals €1 = 0 to 300 ppm; physicals condgitions separated occur; chloride ijon
pH = 4 to 9; water = 0 threshold low by factor
to sat. of 15
External 150 psi hydrostatic, -- -- Container minimum margin
pressure lithostatic, and stacking = +0.23 (lia sneary
Soil -Sulfate compounds present  -- -- Sulfate-resistant
chemistry concrete
Transport Ambient air: -40 to 130°F  -- -- Oesign capable of
thermal insolation per NRC Reg. withstanding transport
conditions Guide 7.8 temperatures of -40 to
165°F
Temperature Six freeze~thaw cycles -- -- Materials of construction
congitions pefore transport not sensitive to
freeze/thaw cycle
Seal 10 psi at 58 to 66°F; Integrated Detail analyses, Seal materials were
function life at elevatea temp., dose Appendix B, reduce dose selected to satisfy the
60 days at 180°F; to 175 Mrads requirements
109R y dose
Geometry No retention of water; -- == Nuclear-qualified
and finish corrosion-resistant coatings; ANSI N5.12

materials; surface
can be decontaminated

tests; coatings can be
decontaminated
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TABLE 1. (continued)

Function Requirement Parameter Design Goal Design Result
Lift Furnish and protect from .- .- Corrosion-resistant lugs
devices corrosion, hang within employed (310 >$)

2 oegrees of plumb.
Liner Must recefve an EPICOR-Il -- .- 50.5-1n. Iu x 61.5 1n,
clearance liner. (44-in. 0D x hign
6V.63 in. high)
Lig Self-aligning guring .- -- Self -alignment spacers on
closure remote installation 1id; remotely pouraple
{<6U mrem dose/person) grout seal
Lift Hookup via crane .- -- Conventional 1ift eyes
eyes provided
Transport Interface with Type-B Transport No Type-B cask exists .-
features transport package cask
beneral 60-aegree entry angle -~ -- 6u-gegree entry angle
interfaces preferred
Marking Permanent'markings v .- Provigea on all
components
welaing Fabricate and inspect -- .- Provided on all
per ASME, Section IX components
Concrete f; = 60V0 psi, strength -- -- f; = 600V psi
properties o >14u pcf, density o = 145 pcf
Reliapility Quantitative assessment .- -- Provided
evaluation
Failure Single-failure analysis -- .- Providea

analysis




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-1I prefilter liner is inserted. The
four-hour pot-life of the primary seal is long enough for insertion of the
EPICOR-II Tliner and realignment of the 1id should the 1id not seat properly
after the first attempt.

The external, or secondary seal, is formed from Concresive AEX-151¢
(also a custom-formulated epoxy), which fills the 1-inch gap between the
1id and container body. That grout, containing rounded aggregate to effect
self-leveling, is custom-formuiated 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 proauced during degeneration of
EPICOR-II resins. The amphoteric material, placed in cutouts at the bottom
of the polyethylene liner, will reauce the corrosion capability of degradea
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 Lwg. EP-20-08L 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 tne concrete. The phenolic coatinys of the steel liner con-
sist of une layer of Phenoline 30U Orange primer and two layers of Pheno-
line 30¢ finisn, both materials being manufacturea by Larboline. Inose
coatings, qualified for both radiation fields and chemical environments, are
appliec to the interior and exterior of the steel liner. The coatings are
applied by a venaor in accordance with the manufacturer's recommendations
and are thoroughly examinea by certified quality assurance personnel.

Since the coatings on the inner surface of the steel liner are the most
important corrosion parrier, their inspections will pe performea both by the
painting contractor and an 1ndependent coating-inspection agency. The ven-
dor will witness and certify the inspections pertormed by the inspection
agency. A polyethylene liner protects the corrosion-resistant coatings dur-
ing loading, handling, and transporting. ODetailed rationale for using the
coatings are given in Section 3./.Z.

Concrete. Composition of the concrete proviages oOUU-ps1 compressive
strength and is resistant to deterioration by sulfates.

External Coating. Carboline-1y5 Surfacer ana carpoline 191 Ho are

applied separately to the exterior of the concrete container in accoradance
witn the manutacturer's recomiendations. Those nuclear-qualified cvatinys
are inspected and certified by both the applicator and vendor. Detailea
rationale for use of the exterior coatings are provides in Section J4.1.3.

Consistent with good practice for application of nuclear-grade coatings
to concrete, no oil-based release compounds may be used for the concrete
forms. Those compounds could cause the surface coating of the concrete to
partially lose aaghesion. 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 coatiny.
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The concrete is cured for at least 28 days before the external coatiny
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 1id 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 1id interior to the outer surface as shown in Uwg. EP-20-

102U of Appendix Aj:

1. A stainless steel, inline filter element with a 5-micron pore
size. The filter ensures that resin beads will not escape from
the 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 1lid
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 ).
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 pluys, even at the beginning of life, the maximum pressure that
would build up (see Appendix C) is insufficient to cause container failure.
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If the vent blows out, the top-mounted vent system provides little possi-
birivty of material escaping from the container, since the container would

be buried in the upright position.

Tne inlets and outlets for the vent also are situdted anu 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-
awx F. Uetailed rationale for the design of the vent system is provided in
Section 3.4.

2.¢.4 biological sniela

The concrete container attenuates raaiation from the enclosed tPILUR-11
liner by a minimum tactor of 9--not enough shielding to permit hands-on
operation, but enough to simpiify handling procedures and safety precau-
tions. Calculations of surface vose rate are presented in Appendix G.

2.¢.5 weights ang Center of bravily

Presumaoly, the center of gravity of the HIC is tne geometric center
of the body. weights of the container and its ancilliary paraphernalia,
based on calculations in Appendix H, are summarized in Table ¢. The bulk
specific gravity of the package is:

110 = 1.64 . (¢-1)

(-/4)(02.52)(54)(61.4/1745)

Tnus, the container will not tloat, exceedaing the minimum bulk specific
gravity requirement of 1.2, as specified in Paragraph 3.2.2.6 of tG&G
Specification t>-506528.

2.2.6 Mecnanical Properties of Materials

Mechanical properties of materials for tne HIL are listed 1n Table s.
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TABLE 2. SUMMARY OF HIC WEIGHTS

Weights
Component s (1b)
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

Yield Stress Ultimate Stress Young's Modulus

Material (psi) (psi) (Jubpsi)
ASTM A-36 36,0002 58,0002 29d
ASTM A-615 60,0002 90,0002 294
GR 60 KEBAR :

Concrete -- 6,000¢ 4.42¢€
Studs (A-100) 50,000P - 60,0000 299

a. Uata obtained directly from ASTM standards.

b. Data reported in Reference 3.

c. Specified reinforced-concrete design parameter, fe'.
d. From Reference 4.

e. From ACI 318-77 formula: E = 57,000 (f.')1/2,

2.3 Functional Description

Figures 3 through 5 depict operations involved in loading and disposing
of a HIC. Uperations illustrated involve two phases, which are described
in the following subsections.
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2.3.1 Container Loading

The container boay may be lifted and handled by two stainless steel
1ift eyes that are provided for attachment to a spreader bar fitted witn
conventional eye hooks (Appendix I). Three recessed, precast inserts in tne
1id are provided for attachment of quick-disconnect 1ift fittings. Figure 6

illustrates lifting equipment features.

Primary sealant is placed on the horizontal 1id 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 1id lifted and
placea in the primary sealant. The lia is fitted with self-centering fea-
tures, which ensure a 1-inch annular groove between the 1id and container
body (Figure 4).

A pourabie and/or pumpable epoxy grout is placed remotely in the annu-
lar groove between the 1id and container body. That epoxy grout prevents
migration of corrosive materials along the boundary between the 1id and
concrete body. The recesses of the three 1ift inserts of the 1id 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 LPICOR-11
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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whole system is sent to a commercial disposal site. At the disposal site,
the 1id of the shipping cask is removed and the HIL is hoisted from the cask

and transferred to the bottom of the disposal pit.

2.4 Prototype Fabrication

Two prototype HICs (designated S/NUUI ana $/NUUZ) were built as a part

of EGaG 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-11 liner. The other was used as the test vessel in inaependent
review/evaluation of container design. Both prototypes are identical to
tne container recommended for use in disposal of the EPICUR-11 Tiners,
except in the following respects:

1. S/NUO1 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.  S5/NOU2 was fitted with two auxiliary test ports for tu&b ldano
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 1ift fixtures)

2. Machine shop--for the vent assembly

3. Concrete precast yard--for the container body ana 1id assembly.
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(B) S/N002, coated, ready for delivery to INEL.

¢ e <

(A) S/NOO1, 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 stuas were attached to the liner with an automatic stua 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 maintainea using thin-gauge weldments; then the fabri-
cation was "sprung" to shape following completion of all welding.

2. The primer (Phenoline 30V 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 coatiny manufacturer.

Nonaestructive examinations were performea tu verify tnat the coatings
were applied correctiy. To ensure adequate film thickness and coating
aahesion, the coating was applied by brush to tignt areas, welas, 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 N1UI.4 ("yuality 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
Lontainer 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 coatiny 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-20-0oD 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 1id 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
replacea each time. That approach was necessary because there were sig-
nificant variations in flow characteristics of filter elements. That
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 (age

Spiral, circumferential reinforcing bars (rebars) were wound by an
automatic wrapping machine and welded to straight, longitudinal spacer bars.
Lonyitudinal structural bars were bent to proper U-shape (see Figure 10j.
The steel liner was inverted and supported on a circular steel form, which
shaped the 1id step and sloped the top surface.
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Figure 10. Reinforcing steel and steel Tiner of the HIC before casting.
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2.4.4 Loncrete 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 giameter to the rebar cage. C(oncrete 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 in 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 usea for construction of the lid (Figure 13),
except voids were prevented by using small, hand-held vibrators. Recessed
lifting lugs were positioned in the 1id via tne three-leggea 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 1ift lugs were
threaded into inserts located at the base of "blocked-out" pockets {see¢
Figure 12). The pockets subsequently were filled with a radiation-resistant
epoxy mortar. Following the 28-gay curing period, a1l lift inserts were
tested to 15U% of inaividual 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 Carpoline 195
designed to fill all surface voids and “bug holes." A squeegee was used to
"work out” all entrapped air ano prevent formation of pinnole defects; thin-
ner was added to improve workability of the film material. In the second
step, adaitional Carboline 195 surface material-was applied to build coatiny
thickness to the specified value. The exterior coat, Carboline 191HH, was
appliea by spraying.
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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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2.4.5 Lid Installation

The 1id of S/NUOL was affixed to the container body with the primary
and seconaary seal materials to demonstrate suitability of the design.
Mixing of the primary epoxy and its placement on the lid step of the boay
1s pictured in Figure 14. Photographs of Figure 15 show the lid in place
on the primary epoxy seal, and the annular gap between the lia and container
body filled with secondary epoxy.
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Figure 14. Mixing of the primary sealant (A); a beaa of primary sealant
on the 1id step (B).
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(B)

Figure 15. Final installation of the 1id on the body of the HIC (A);
secondary epoxy filling annulus between the 11d and the
body (B).
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3. DESIGN KATIONALE

This section of the report discusses evolution of tne design of the
HIC, and discusses how that design optimally satisfies design requirements
that will affect disposal of all EPICUR-1I 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. The thira
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 aisposing the container. The fifth
concern is exceeding as-low-as-reasonably-achievable (ALARA) goals, which
influence all handling and transporting operations. The last concern is
burdening the disposer with unnecessary costs associated with fabricating,
loaaing, 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 tPICUR~1l liner. Instead,
all assumptions are based upon instantaneous disappearance of that case once
the tPICOR-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 tPICUR-II Tiner and
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container to neutralize potential corrosives which might seep into that
space. (oatings 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 sclected in favor of other parts, because of their mechanical swmplic-
ity and prolonged operability in high radiation fields. Redundant epoxy
seals were chosen tor binding tnhe lid to the container body in lieu of
mechanical devices, because of their better sealing qualities in a high
ragiation field and ther ease of operation during remote handling.

The resultant product from all considerations is a durable container
with a calculated life expectancy of 120U years minimum (Study Appendix b).
The following subsections provide additional detail about why specific fea-
tures, materials, ang parts were selected, alternative materials ana parts
considered, and verbiage regarding acceptance or rejection of candidate
material and/or parts.

3.¢ Internal Corrosion Barrier

3.2.1 Steel Liner

A steel liner was selected as the liner for the HIL, because it is a
good substrate for corrosion-resistant phenolines and is less expensive than
vther types ot metal (Table 4). Since a primary concern in design of the
HIC was reducing corrosiun (both internal and external) while maximizing
longevity of the container at the lowest possivle cost, the use of multiple
corrosion- and radiation-resistant materials in two complementary corrosion
barriers precluded tne desiraoility ot using one expensive material nignly
resistant to corrosion. Therefore, stainless steel appeared less attractive
ang 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 the design choicCe.
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TABLE 4. COST DATA FOR ALTERNATIVE METAL LINERS

Relative Cost Mu]tip]iersa

Dollars/Pound

Material Corrosion Behavior Fabrication Raw Material Fabrication Raw Material

Titanium Satisfactory, except for resistance to 9.6 8.0 21.68b 2.24
sulfate ions

Monel Not resistant to sulfuric and sulfurous 6.6 7.5 14.90b 2.10
acias

304 CRES Not as resistant as 316 1.9 4.5 4,25b 1.25¢€

316 CRES  Satisfactory, except for pitting from 3.4 7.2 7.59b 2.02¢
chlorides

20-Cb-3  Better than 316 CRES 7.2 22.5 16.26D 6.29C

A-36 Baseline comparison 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 (ESCU, December 1981).

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




It is interesting, however, that the conceptual version of the HIC
developed by NuPac included an internal liner/corrosion barrier of uncoatea
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 in
Table S.

TABLE 5. RESISTANCE OF CANDIDATE STAINLESS STEEL LINER MATERIALS
TO CORROSIUN

Stainless Steel Corrosion Resistance®

Corrodant 304 316 20-Cb-3

Sulfur aioxide (S0p)
Ferric nitrate

Ferric sulfate

Ferrous sulfate

Ferrous chloride

Sulfuric acid

Sulfurous acia

Nitrous acid

Carbonic acid

Hydrocnloric acia (air-free)
Aluminum sulfate

(with amphoteric material)
Aluminum chloride

(with amphoteric material)

Oceec

> @I OXxC O®C >
[]
BxO I CxX>xCOCe

[ J ®>x® s O@

@]

a. From Reference 5; at <125°F and <10% concentration.

Key: Per National Association of Corrosion Engineers:

Per Year 300 Years
Symools (in.) (in.)
o <0.002 <0.60
v <0.u2 <6.0 .
(s} 0.02 to 0.05 6 to 15
X >0.05 >15

Two other types of HIC liners also were considerd, viz., a roto-molded,
pol&ethylene 1iner and a reinforced-epoxy coating applied over concrete.
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Each type was aughented 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 Phenoline 300 Orange primer and Phenoline 302 finish (included
in Appendix J) verify the suitability of those phenoline 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 10.2

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-
na]]% §urmised, based upon pH analyses of two liners (i.e., PF-3, -16) by
BCL.®»/ 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. ODECISION MATRIX--EVALUATION OF CANDIDATE LINERS FOR THE HIC

Option

Advantage

Disadvantage

Polyeth{lene roto-
molded liner

Reinforced epoxy
coating

Coated steel liner
cast in place as
casting inner form
of HIC

Low production cost
tasy to inspect

Excellent corrosion
resistance

Abrasion protection a

possible integral
feature

Coating system
basically qualified

Low material cost

Liner serves as form
for vessel

Liner acts as an

excellent crack-free
substrate for coating

4

Long leadtime tooling

Degrading (cracking) in
ultraviolet light

Permeable to cesium

Questionable gamma
resistance

Large quantities of
Hy 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 brittlie fracture
failure



TABLE 6. (continuéed)

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 AI(OH)3 + 3 W50, - MZ(SO4)3 +6 HZO) . (3-1)

274

m(ou)3 + NaOH « Na(R10,) + 2 H,0 . (3-2)

The quantity of aluminum hydroxide needed in the HIC s calculated for the
following worst-case conditions:

1. A1l water content in the container reacts with degraded resin
products to form an acid 10 times more concentrated than that
found in degraded cation resin products analyzed by McFarland.8

2. A1l 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
resin mixture is assumed at 8.82 x 102 kg, of which 47% by weight is
water. Therefore, 4.14 x 102 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.

The 4.14 x 102 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 acid is calculated as follows:

14.5 equivalents x [(27 + 51)/3] g/equivalent = 377 g, or 0.83 1b. (3-3)

It s 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.
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It is important that the amphoteric material continue to function -
throughout the 300-year service life of the container. Although the a]?m1-
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 (OH), - N A T (3-4)

AT(OH)3 » aq0.- (3-5)

+
b tH O+ H,0 .

At Tow pH, the M Gon wil predominate and at high pH the A]OZ' ion will

predominate. A](OH)3, the most soluble amphoteric material, is amorphous
and is the form projected for use in the HIC (see Figure 16). Corundum
(A1203) js the only stoichiometric pure oxide of aluminum, the formation
of which depends on the conditions of preparation. Hydrated oxides can be
converted to the pure oxide by heating to above 200°C.9 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 (A-A]203.H20). Eventually bohmite changes to the trihydrate
bayerite (A1203.3 HZO)’ 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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normally protects éﬁbedded 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

. 1
the protective film, and initiate corrosion of rebar.]o’]

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).]2 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-
Tine 195 Surfacer and Carboline 191 HB are used because they are nuclear
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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 nonmetallic 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 1ife 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 amountlzf
pressure at which hydrophilic filters can retain liquids is given by:

D =§_X_ (3-6)
where

p = pressure head of retained liquid

d = pore diameter

surface tension coefficient.

>
0]

The surface tension coefficient is 12.8 for water at 68°F and 72.15 for
4.2% HNO3 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 T-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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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,
polyvinylidenedifluoride, and polytetrafiuoroethylene. Radiation damage

threshold values, based upon 80X retention of strength, are as follows:]5
Dose
Material (rads)
Polyethylene 109
Polypropylene 108
Polyvinylidenedifluoride 107 2
Polycarbonate . 107 2
Polytetraflouroethylene 10° to 106

A1l 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 p 0.83 2.29 t-l.16 (3-7)

q=2.286x10 0

a. Engineering estimate without supporting data.
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where

q = flow rate, cfm/ft2
P = pressure head, inches H20
D = pore size, microns
t = thickness, inches.

A hydrophobic material supports a hydrostatic head differential of

p = 42.235 (3-8)
where
p = pressure head (psi)

(=
il

pore diameter (um).

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 is 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 is not suitable

for HIC application because of the following reasons:

1. Only H2 is "passed"; other gases are not. Gases other than
hydrogen also are generated in the HIC

2. Uncertainty in Hz flow rates requires conservative sizing of
the membrane (2-6-inch dia.)

3. High unit cost.
Nonmetallfic membranes of polyethylene, polypropylene, and silicon rub-

ber have predictable permeation characterfistics for the gas composition
given in Appendix C (H2. co, COZ' etc.). For example, a 1-mil-thick
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polyethylene sheet with ]-ft2 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 ft2 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 1id to the HIC
body. Chemical bonding of the 1id 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 1id 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 1id to the container body, the
following factors were considered:

1. Radiation exposure to personnel involved in installing the 1id

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 1id, and
(b) a chemically sealed and bonded installation. The first approach was
discarded because of problems associated with bolting down the 1id in a
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radiation field. The strength of the radiation field around the HIC is too
high to permit hands-on operation. Therefore, remote operations would be
required for bolting the 1id in place. Remotely threading nuts on bolts is
a difficult and time-consuming operation.

The other approach, chemically sealing and bonding the 1id 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 1id step of the
container body, there is time to remotely put the EPICOR-II liner in the
container and set the 1id in place. Since it is relatively simple to pour
remotely an epoxy grout into the annular gap between the 1id 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 1id (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 0D 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 transiated 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 1id 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-1ifting lugs without
compromising container stackability.

Considerations leading to selection of 1ift 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 1id surface or be removable by remote means
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TABLt 7. COMPARATIVE PERFURMANCES OF CAnUlUAIL MATERIALS FOx

THE HIC
Polyethylene 'Concret.e Steel
- a E » D
Parameter (Fep = 750 pst) (f = 6,000 psi) (Fy = 30,000 pst)

Properties

F (psi) 750 (o.sfc') 3,600 20,000

E (psi) 1x10° 4.4 x 10° 29 x 10°

" 0.45 0.¢ 0.3
Cylindrical wall Thickness (in.)

Hoop compression

c
R 4.90 1.0¢ u.18
Buckling (in.)
2, 1/3

t =R °°57951““ ) 4.89 1.47 0.77
Flat-End Head Thickness (in.)

B8enaing

2y 1/3
.o 6.67P (1-m°)
t R T 4.89 1.47 0.77



09

THBLE 7.

(continued)

Parameter

Shear (Concrete only)

t

= R __RP‘

7 fc

Minimum Section Thickness (in.)

Selected uuter Dimensionsd (in.)

Approximate Cost Factors

Unit material cost

Unit weight (1b/ft3)

Container Volume

Container Height (1b)

Container Structure Cost

a.

(@] o
. .

(=
.

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

Polyethylene

- .y d
(F . 750 psi)

C

0.25
59 0D x 89 H

$2.00/1b
60

72.06 ft3
4,324
$8,647.00

Stainless assumed for corrosion protection.

P = 150 psi; R = 24.5 inches.

Assumed internal cavity dimensions:

49 in. ID x 63 in.

Concrete
(fc= 6,000 psi)

6.78

6.0
1.5 00 x 84 H

$300/yd3
145

2.80 yd3
10, 907U

§841.00

(F

Steel
= 30,000 psi)®

0.10

51 UD x 68 H

$3.00/1b

490

11.64 ft3

5,703

$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 in 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 1id in order to prevent water from collecting
there. Circumferential stainless steel grapple pins were not used because
of high prying stresses induced in the 1id, 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 1id 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 1id.

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 that clearance with the HIC 1id is too small. Such
inconsistencies make placement of the 1id on the container
difficult.
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APPENDIX A
HIGH-INTEGRITY CONTAINER DESIGN
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APPENDIX 8
SINGLE-FAILURE AND RELIABILITY ANALYSES OF
HIGH-INTRGRITY CUNTAINER

8.1 Introduction

The High-lntegrity 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 HIU design, as
shown in Figures B-1 ana B-2. Those failure analyses have been combinea
because of their close interrelationsnip. 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 aeveloping the quantitative reliability estimate. This appendix 1s
divided nto two sections that describe the updated fault trees and how they
dre used to provide the required single-failure and reliability analyses.

The set of fault trees prepared for use in the single-failure and
reliapility 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 n Table B-1,

B.2 Single-Failure Analysis

As tne top tault tree event (Figure B-3) illustrates, four basic fail-
ure moges can result in a loss of container integrity; namely, (a) barrier
penetration, (b) penetration of the seals, (¢, an open failure of the vent,
and (d) overpressurization following a plugging of the vent.

s.2.) Barrier Penetration

Figure B-4 reveais that at least three corrosion-barrier failures must
occur to cause loss of container integrity. Those failures are described
in Table 8-1, event numbers 1.1.1 to 1.3.3.

8-3 *



v-9

REMOTELY INSTALLED
SECONDARY SEAL

-

- ey LSO DA AL S i g

LID LIFT INSERTS

_~—VENT SYSTEM

PRIMARY SEAL ————mnu_|

61.00 REP

AMPHOTERIC PASTE AL(OH)E——~’”"

;apf”””’

._‘.

Figure B-1.

b . .:".,.,_____j
Ta— B s S & A

e 49 00 O0h R L ]

| ___—REBAR CAGE
___———SHEAR STUDS

84 0O AP

T 1/4" STEEL LINER
COATED EACH SIDE

HIC configuration.

\\\\\\\\‘POLYSTRYENE ABRASION

LINER



G-8

PERFORATED METAL SCREEN ROCK GUARD

3 MICRON POLYETHYLENE
FILTER ASSEMBLY

PVC SLEEVE
STRAP-ON RADIATION SHIELD
POLYETHYLENE PVC WATER TRAP (1.25% THICK)
70 MICRON
MUD FILTER

CRES TUBE

ST

-
-

3 MICRON CRES

LID CIRCUMFERENCE Y LINE FILTER

1/4" LID SHELL
Figure B-2. HIC vent assembly (1id mounted).



9-4

300 YEARS

MTTF = = 1204 YEARS
.249
LOSS OF
CONTAINER
INTEGRITY
.249
OR
BARRIER BOTH SEALS VENT FAILS OVER-
PENETRATION FAIL OPEN PRESSURIZATION
.018 zfiiﬁs .115 z{iiﬁs 2. .04 l{iiis

Figure B-3.

.10 ‘;iihh 4.



AN

SARRIER
MTIG

.018 1.
oR

L-8

“{5"{2‘:0:"0 EXTERIOR 'gmntolam
1 NETRAT108 NETRA
CORROS 10N MEET Pt
.0016 1.1 .008
AND
INTERMEDIATE
COATING INTERMEDIATE
e —
: 2 1.1.4
IWNER COATING
T T
u{»ei::r%zl:s & STEEL INNER COATING
PENETRATED OUTER COATING & STEEL
PENETRATED PENETRATED

.2 <> 1.2.1

Figure B-4.

.2 <> 1.3.1



8-9

AN

BOTH SEALS
FAIL
.115 2.
OR
PRI. SEAL FAILS
FROM WITHIN BOTH SEALS BOTH SEALS
SEC. SEAL FAILS FAIL FROM FAIL FROM
FROM WITHOUT WITHIN WITHOUT
.04 2.1 .04 04
AND
' ' SECONDARY PRIMARY SEAL
SEAL FAILS FAILS FROM
FROM WITHIN WITHOUT
2.3.2
PRIMARY SEAL ;5&?%3G§2
FA&%?HE:OM FROM WITHOUT PRIMARY SEAL SECONDARY
FAILS FROM SEAL FAILS
WITHIN FROM WITHOUT

.2 <<::::::>2.1.1

.2 <::::::>2.1.2

.2 <:::::::;,2.2.1

Figure B-5.

2 <>2.3.1



A

VENT FAILS
OPEN

.04 3.
AND

INTERNAL EXTERNAL
FILTER FAILS FILTER FAILS
OPEN OPEN
.2 <> 3.1 2 <> 3.2
Figurﬂ B-6l

8-9



/A

PRESSURE BUILD-
UP IN EXCESS OF
DESIGN MARGIN

OVER-
PRESSURIZATION
.10 4.
AND
VENT SYSTEM
PLUGGED
.49 4.1
OR

.2 <> 4.2

INTERNAL FILTER
PLUGGED

.2 <>4.1.1

EXTERNAL FILTER
PLUGGED

.2 <>4.1.2

Figure B-7.

PLUGGED

OUTSIDE FILTER

.2 <>4.1.3



TABLE B-1.

FAILURE RATE PRUBABILITY

Primary
tvent
Number

tvent

.11

1.1.3

Outer coating pene-
trated from outside

Concrete penetration
from outside

Inner coating and HIC
steel liner pene-
trated from inside

Assumed
Failure
Probgbiltty

in
300-year Life
0.‘

0.2

0.2

Features Uesigned 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 usea 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 applieg 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
tPICOR-I1 prefilter liner
(see Section 2.2.2 of the
main report).



TABLE B-1.

(continued)

Primary
Event
Number

Assumed
Failure
Probability
in

Event 300-year Life

Features Designed to Prevent
or Mitigate Primary Failure

1.1.4

1.2.1

1.2.¢

Intermediate coat- 0.2
ing penetrated
from insiage

Uuter coating pene- 0.2
trated from outside
Concrete penetrated 0.2

from outside

B-12

Since the intermediate
phenoline coating will be
supported by the concrete
even if the steel liner is
penetrated, the phenoline
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 phenoline coating. If
the phenoline 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 phenoline
coating will survive (see
Section 2.2.2 of the main
report).

Same as Event 1.1.1.

Same as tvent 1.1.2.



TABLE B-1. (continued)
As suied
Failure
Primary Probability
tvent n teatures besigned to Prevent
Number Event 300-year Life or Mitigate Primary Failure
1.2.3 Coated container 0.2 Tne intermediate phenoline
liner penetrated coating is designed to
from outside 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 phenoline coat-
ing (see Section 2.2.¢ of
the main report).
1.3.1 Inner coating and 0.< Same as Etvent 1.1.3.
steel liner pene-
tratea from inside
1.3.2 Intermediate coat- .2 Same as tvent 1.1.4.
ing penetrated
from inside
1.5.3 Concrete and ocuter 0.¢ The concrete is resistant to

coating penetrated
from i1nside

corrosive soil environments,
ang its tnickness 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 phenoline-
coated steel liner.



TABLE B-1. (continued)
Assumed
Failure
Primary Probability
Event in Features Designed to Prevent
Number Event 300-year Life or Mitigate Primary Failure

2.1.1

2.1.2

2.2.1

2.2.2

2.3.1

2.3.2

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

0.2

0.2

0.2

U.2

0.2

0.2

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.
tvent 2.1.¢

Same as

Same as ktvent 2.1.1.



TABLE 8-1. (continued)

As suined
Failure
Probability
in
300-year Life

Features Designed to Prevent
or Mitigate Primary Failure

Primary
Event
Number tvent
3.1 Internal filter
fails open
3.2 Main filter
fails open

4,1.] Internal filter
p lugged

0.¢

0.2

0.2

B-15

The internal CRtS in-line
filter is a commercially
manufactured, high-quality,
passive element. [t 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 CRES in-line
filter is protectea from
external foreign material

by the 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).



TABLE B-1. (continued)

Features Designed to Prevent
or Mitigate Primary Failure

Assumed
Failure
Primary Probability
Event in
Number Event 300-year Life
4.1.2 Main filter 0.2
plugged
4.1.3 Qutside filter 0.2
plugged

The polyethylene filter is
protected from plugging by
the internal CKLS i1n-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 1id, 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).



TABLE B-1. (continued)

Assumed
Fatlure
Primary Probability
tvent in Features Uesigned to Prevent
humber Event 300-year Life or Mitigate Primary Failure
4.¢ Pressure builaup u.Z If the venting system
in excess of design becomes plugged,
margin the pest-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).




B.2.2 Seal Penetration

Figure B-5 reveals that two separate seal failures are required to
cause loss of container integrity. Those failures are described in
Table B-1, event numbers ¢.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-1, event numbers 3.1 ana 3.<.

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

Figure B-7 identifies the various failure modes that can lead to an
overpressurization and cause a loss of container integrity. Those failure
modes are described in Table B-1, 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 proviae 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.



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

8.3 Reliability Analysis

The HIC woula 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.., 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 f1l1l 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
1s expected to be minor,

Unfortunately, little data are available for a valid quantitative pre-
giction on the reliability of modern engineering materials over a period of
30 years. An arbitrarily assigned failure probavility of 20% for each of
the primary events listed in Table B-1 indicates the redundancy built into
various aspects of the container.

The mean time to failure (MITF) for the container, based on the
ardbitrarily assigned 20% failure probabilities, is .1,Z04 years (300-year
Jifetime multipliead by inverse of failure probability). The calculated
probability numbers are given at the lower left-hand corner of each fault

tree event.

B-1Yy .
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APPENDIX €
ANALYSIS OF GAS EVULUTION AND
PRESSURES WITHIN THE HIC

C.1 Introduction

The gas evolution and pressure buildup in the HIL was caiculated 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 meaia.

The equations presented for the various calculated parameters are
straighttorward. However, many variables are used in a few of the equu-
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 perform all the necessary calcula-
tions. Excerpts from the program output for the “best-estimate® case are
included as tables in this appendix for the convenience of the reader. The
complete output from the computer program for the “agesign basis” case is
presented in an attachment to this appendix.

Table (-1 illustrates various mechanisms that can cause evolution of
gases in the HIC. Kadiolysis 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-1. GAS-EVOLUTION MECHANISMS IN THE HIC

NZ’OZ’HZO
Mechanism Existing Atmosphere Gas Generated Gas Consumed
Gamma and Resin molecules SO NO CO, CO 0
L . X X 2 2
beta (scission and decoupling)
radiation
Bound water H2 02
(dissociation)
Free water H2 02
(dissociation)
EPICUR-II liner H, CU, CO u
e , 2 2 2
(scission and decoupling)
Corrosion Acid generation in bound SO NU. CO, CO
X X 2
and free water
Corrosion of iron H2 HZO
by acidd
Corrosion of iron by H2

water vapor

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 EPICUR-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 the 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 EPICUR-11 prefilter
also are required. OUnce those input parameters are determined, the inte-
grated dose and dose rates to the exchange media can be calculated.

C-4



C.2.1 tnergy Deposition

The absorbea energy in ergs/yr-Li is obtainea for each isotope via the
equation:

Absorbed energy (ergs/yr-Ci) = absorbed disintegration energy (Mev/dis)

x (1.602 x 10° ergs/Mev) x (3.7 x 10'° gisss-ci)
x (3600 s/h) x (24 h/day) x (365.25 days/yr) . (C-1)

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 1s added to the yamma 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 ganma energy will escape.

tEnergy deposition is calculated usiny an assumed average beta energy
fraction of 0.39 for all decays, except the 2.27-MeV beta from 9OSr 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 caiculated from
the following decay schemes :~4

|37Cs becay Scheme

1.173 MeV maximum peta energy (o%)
0.512 MeV maximum beta energy (94%)
U.6bZ MeV yamna (94%).

Absorpbed uisintegration energy = 0.837 MeV/disintegration,

C-5



905r 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%)

1.75 MeV gamma (0.02%)

Absorbed disintegration energy = 1.17 MeV/disintegration.

]34Cs Decay Scheme

0.062 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%)

1.305 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



TABLE C-2. SOURCE TERM DATA

BEST EST ATt uITH O FT MEAD

PATA TS

AESIn VOLUNRE  FEET*3 (TOTAL) 3 CATION ARSIN PRACTION .3
RESIN DENSITY CRARS/CC tUEY) OSINCLUDING VOIDS TOTAL FOR
CAT:! » RESIN RASS (CRARE uiT) 4332% 1SOTOPES T 1/2
1SOTOPE - 137 R0 C8134 )3 YEAR
WALFLIFE 1EAR 0 20.2 2.0% L)
DECAT CONSTANT YEAR-] 0.02 0.02 0.34 A
EnERCY DEPOSIT £12 ERC.YReCl 1.37 2.1? .46 NA
50SE COMVERT  RAD/TReC! 4110 350343 79833 NA
CI FRAC™ (Cn )3 YR T1/2 0.93 0.03 1.00
ACTIVITY c 120 70 272 1300
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greater than five years.a The only isotopes present of this nature are

137 9OSr. The ratio of ]37Cs to gobr is obtained from the

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

s and

activity ('37cs)/[Activity (137cs) + activity (PUSr)] = 864/(864 + 48.8) Ci

Activity (3%r)/[activity ('37cs) + Activity (PYsr)] = 48.8/(864 + 48.8) Ci.
The ]34Cs activity was obtained by taking the ratio of ]J4Cs to ]37Cs

in the calculated curie deposition for PF-29 and multiplying it by the total
]37Cs. Table C-2 summarizes the results of the calculation

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

curies of

€.2.3 0Dose 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/y)

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

where the resin mixture mass is given by the equation:
Resin mixture mass (g) = wet resin density (g/cm3)

x resin volume (ft3) x 28 320 cm®/ft> (C-3)

where the total resin volume is 36 ft3 (Reference 6), half of which is
assumed to be cation resin.7 The wet resin density with voids is
0.85 g/cm3 (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 EL&G Specification ES-50652B for
Liner PF-29.
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in the speC\ttcation.7 is used for reasons of consistency since it is the
appropriate value for the resin in which experiments on gas generation were
performeg.

.2.4 Integrated Doses

The integral of tne raaioactive 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:

Lose to HIC load (Mrads) = dose conversion {rads/yr-Ci)
x (1 Mraa/10%raas) x activity (U1)

x l/Z(yr") x (l-e 2t') (C-4)

where . is the radiocactive decay constant normally symbolized with a Greek
Lampda (A ) and with units of yr". and t' is the time to HIC loading in
years--assumed Lo be two years. Tavle C-3 provides the results of the
calculation of the total dose, for HIC loading two years after removal of
the tPICux-1i prefilter from service. The taole also identifies the
contribution of each of the three isotopes.

The same basic equation 1s used to calculate the integrated dose to the
exchange media following HiL loading, as follows:

Med1a gose since HIC load (Mraas) = dose conversion (raas/yr-Ci)

2 (1 nrao/lub rags) x activity (C1)

a2t

x l/l\yr-l) x fe (L=9)

where t 1s the time since HIC loading. Table C-3 also lists the integrated
doses to the cation-exchange media at times throughout HIC life.

-9



TABLE C-3. INDIVIDUAL ISOTOPE CONTRIBUTIONS

YEARS TG CASK LOAD

DPOSE TO CASK LOAD

YEARS SINCE CASK LOAD
(1ST DAY)

Cs137

SR 90

CS134
DOSE
MRADS
32

CS134
DOSE
MRADS

16
24
30
33
33
33
33
33
3




€.c.5 0ose Rate

An estimate of the average initial integrated dose in the HIC liner is
provided by the maximum liner dose, shown for a uniform source distribution
n tigure G-2 of Appendix G (717 rads/h initially; ¢10 Mrads integrated
lifetwme dose). That estimate of average dose is conservative, because
much of the liner 1s not adjacent to the resin. Thus, it will be exposed
to a lower dose.

C.c.06 Liner Uose since HIC Loaa

The dose rate following HIL load 1s calculatea from the radioactive
decay equation as follows:

Dose rate (raas/aay) = dose conversion (raas/yr-Ci)

x activity (Ci) x e-l(t*t')

x | yr/305.25 days {C-0)
where t 1S the time since HIC load, t* is the time to HIC load, and Z is

the decay constant normally reterrea to with a . Table C-4 presents the
total dose rate in the cation-exchange media (units of raas/day) at various
intervals throughout HIC life. The table also presents the contribution of
tne three isotopes to the total dose rate.

C.3 Gas weneration in Exchange Media

In aaaition to the parameters calculated above, a value for the gas
generation per absorbed dose 1n the cation-exchange media is needed to
calcuiate the gas-yeneration rate. A *6“ value for hyarogen of
0.1 molecule/100 eV is used for the best-estimate calculation; a value of
v.> molecule/ 100 eV 1s used tor the design basis calculation. It is
assumed that 46.5% of the exchange-media mass 1S water, but that virtually
all of the free water (<l» remaining) is removed, The value of
U.1 molecule/I00 eV 1s consistent with data presented in Keferences 5, 8,
and 9. The value of 0.5 molecule/eV is chosen as the design basis gas-
generation rate to allow an adequate margin for ditferences i1n the

c-N



TABLE C-4. DOSE RATES

YEARS SINCE
CASE LOAD
(1ST DAY)

nS137
DOSE RATE
RADS/HOUR
4841
4730

4622
4414

4024
3345

2311

1103

158

13

5

SR90

DOSE RATE
RADS/HOUR
382

373

363

346

314

258

174

79

10

1

0

CS134
DOSE RATE
RADS/HOUR

1259
899
641
326

84

COQOOo

T0TAL
DOSE RATE
RADS/HOUR

5481

6001
56246
5085
4422
3608
2485
1183
168
14

5
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exchange-media type, composition, and moisture content. For example,
calculations using the design basis gas-generation rate will be
conservative even if:

1. Twice the allowable amount of free water is present in the pre-
filter and 1s in the vicinity of the radioacitivy where hydrogen
can evolve

2. Fifty percent of the radioactivity is distributed in tne anion-
exchange media, which has a substantially higher hydrogen-
evolution rate than cation-exchange media.7

€.3.1 Gas-bLeneration Kate

The following equation 1s used:

3

cas-generation rate (cm”/g-Lrag) = l/n2 fraction x u\HZ)(moleCules/luu ev)

X 2.3¢ x 10'8 (cn’/g-raa)/(molecules/luo ev)

x 10 (rads/braa) (C-7)

where 1t 1s conservatively assumed that hydrogen accounts for only two-
thirds of tne gas generation. Actually, review of References 5, ana v
through 12 1ndicates that the hydrogen generation will be closer to 75% of

total gas generation.

€.3.2 Total Gas Generatea

»

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

moles:

(=13



Gas generated (moles) = dose (Mrads) x (1 Grad/1000 Mrads)
. . 3 . 3
X resin density (g/cm” x resin volume (ft~)
X gas-generation rate (cm3/g-Grad)

x 28,320 (cm3/ft3) x 1 mole/22,400 cm’. (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

Pressure (psia) = {1 + [moles of gas x 22400 cm3/mo]e x 1/gas volume (ft3)

x 1/28,320 (cm3/6t%)]} x 14.7 psia. (C-9)

C.4.¢2 Gas Volume

Gas volume (cm3) = [total volume (ft3) - resin volume (ft3)
x (1 - resin void fraction)] x 28,320 (cm’/ft3)  (C-10)

where the total volume is based upon the external dimensions of the
EPICUR-IT 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
keference 11).
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TABLE C-5. GAS QUANTITIES PRODUCED
PATA TS id ! T
A .Gl RATE  CC/GRANBERIRAD 3. 44 CAS VOLUNS N7/ cusIC re
MESIN VOLURE  FT°3 (CATION) 18.00 CATION RESIN CRARS (VET)
RESIN PDeBITY CRANG/CC 0.88 PRACTION OF
RESIN VOID PRACTION 0.40 UATER IN RESIN 0.0
T0TAL VLUNB CUDIC FT .30 C-N2 RESIN 0. 10MOLSCULES/100EV
2 PRACTIuM 0.47INITIAL CAS VOL 49.3¢ NOLES
Rt 70 CASEZ LOAD 2
TOTAL UNVENTED
NON-N2 e GAS GAS PRES
YEARS SINCE CASE LOAD noLES noLES noLES PSIA
(18T PAY) [ 0.00 0.01 010427181104 14,70
] 1.21 2.43 3.4 13.77
2 2.3 4.74 7.07 16.77
4 4. 40 8.94 13.)4 14.460
[ ) 8.0 16.%7 24,93 21.83
16 14.24 0.7 43.16 2.3
b - 2.3 42.87 71.44 B.60
o4 4.4 9.%4 104.40 43,23
148 2.7 87.14 130.0¢ 32.7¢
36 “.21 0.76. 133.98 $3.90
00 .20 ”.”n 134.29 3.9




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-1 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-1)

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

Hydrostatic pressure (psig) = head height (ft) x 62.4 (]b/ft3)

2

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

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 depenas upon
opening and closing pressure of the check valve. For purposes of
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TABLE C-6. RELIEF LIFTS

DATA UNITS CALCULATED VALUES UNITS
HYDROSTATIC HD FT 0 HYDRISTATIC HD [ PSID
RELIEF OFEN PSID 10
RELIEF SHUT PSID 3
YRS TO CASK LOAD 2
APFROXIMATE NAXINUN
YEARS BETWEEN PSID IF
DIFFERENTIAL = RELIEF LIFTS RELIEF RELTEF FAILS
YEARS SINCE CASK LOAD TOTAL GAS PSID T0 DATE LIFTS THIS YEAR
(1ST DAY) 0 0.00 0 9 3¢
1 1,07 0 10 38
2 2,07 0 10 37
4 3.90 0 11 3s
8 7.15 0 13 32
16 12.43 1 11 27
32 20,90 2 16 18
64 30.55 3 34 9
148 38.06 S 242 1
256 37.20 5 2958 0
300 39.27 3 4203 0




11lustration, an opening pressure of 10 psid and a closing pressure of
3 psio are used to estimate the number of times a mecnanical relief check
valve woula 1ift for a given yas-generation history.

Litts to date = (total unvented differential gas pressure (psid)
- relief open pressure (psid)/(relief open pressure

- relief close pressure)(psid). (L-13)

Table C-6 lists the number of relief lifts after HIC loading throughout HIC
life.

C.5.3 Interval between Relief Lifts

This parameter is estimated by calculating how lonyg it would take for
the differential pressure to build up from the vent-closing pressure to the
vent-upening pressure at the instantanevus yas-generation rate. The mouel
creates an anomaly just before the first relief lift, as can be observed in
Table L-b6 where the years between lifts is 13 in the eiyhth year ang 11 in
the sixteenth year. That anomaly occurs because the first lift requires a
larger pressure builaup than ao subsequent 1ifts, and the first 1ift occurs
between the eighth and sixteenth years.

Interval between relief lifts (years) = L(IO9 rads/Grad)/
gose rate (rads/day)) x [1/gas-generation rate (cm3/g-6rad)j

x gas volume (ft3) x 28,320 cm"/ftJ
x L1/resin mixture mass (g)) x (| year/3o5.29 days)

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

‘x (1/14.7 psia). (L-14)



»

C.5.4 Maximum HIC Pressure if Vent Plugs in a Given Year

The likelinood 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 30U years (psia)

- unvented pressure at time (psia). (C-15)
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
Tiner were used in the HIC, the relatively large gas-evolution rate from
polyethylene would be considered. Table C-7 lists the calcuiated 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 cm3/g-Grad, according to Reference 13) woula be inconsequential.

C.7 Gas Generation from EPICOR-II Prefiiter Corrosion

Sufficient SUZ is produced by radiolytic decomposition of cation
resin to react with the entire prefilter structure if enough water is
available to combine with the SOZ to form sulfuric acid. However,
experience with metals in corrosive environments inaicates 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 mechanisin for continuously removing the corrosion products, the
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C~7. GAS GENERATION WITH A POLYETHYLENE LINER

LINER VOLURE 52511 CC
LINER mMAXIMUM  LINER CAUSED
TOTAL LINER HYDROGEN PRESSURE PRESSURE
DOSE GENERATION WITH LINER INCREASE
YEARS SINCE CASK LOAD NRADS NOLES PSIA PSID
0 0 0.00 14,70 0.00
1 é 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 2135 35.25 63.07 10.31
256 221 36.31 64,53 10.43
300 222 36.37 64,61 10.64
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maximum weight loss is expecteu to be about 1Uus of the metal available for
attack.‘ﬁ In the tPICUR-1] prefilters, only that metal in contact with
cation resin will be subject to attack, and then only after the internal
coating has been 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 heignt of resin getermines how much steel is available for
corrosion. The total resin volume is 36 ft3; the inside diameter of the
cylinder 1s 47.5 in. Therefore, the height of the resin mixture is
3% inches. Tne iron surfaces that could react are the lower 35 inches of
the 1/4-inch-tnick cylinder walls, ana the U.b3-inch-thick bottom of the
cylinder. The volume multiplied by the density of iron (7.87 g/cm3)
gives the mass of iron that can pe corroded. The value computea is:

mass 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.)>

x (7.87 g/cmd) = 3.17 x 10%. (C-16)

The molar weight of iron fs 55.8 g. Une mole of hydrogen gas will be
produced for each mole of iron consumed. Therefore,

Hydrogen generation = 3.17 x lu‘g/bb.ag/mole = 508 moles. (L-17)

The SO2 produced by radiolytic aecomposition of cation resin will pe
proguced at an exponentially decreasing rate with time. However, the coat-
1ng must be corroded before the iron can be attacked, and the iron corrosion
proouéts soon provide protection to the iron. Attack at various locations
in tne container would occur at different times, which would not neces-
sarily ve closely coupied with tne rate ot proguction of SOZ' Therefore,
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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
hydrogen generation to occur when iron is in contact with sulfuric acid.]5
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 prefiiter 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-I11
prefilter.

Figure (-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 Toading 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 |

DESIGN BASIS ESTIMATE WITH 0 FT HEAD
DATA ONITS

RESIN VOLUME  FEET*3 (TOTAL) 36 CATION RESIN FRACTION 5

RESIN DENSITY GRAMS/CC (WET) +85INCLUDING VOIDS 1T0TAL FOK

CATION RESIN MASS (GRAPMS WET) 433296 ISOTOPES T 1/2

ISOTOPE -- CS137 SR?0 CS134 S YEAR

HALFLIFE YEAR 30 28,2 2,05 NA

DECAY CHINSTANT YEAR-1 0,02 0,02 0,34 NA

ENERGY DEFOSIT E12 ERG/YR#CI 1.57 2.19 3.46 NA

DOSE CONVERT RAD/YR%CI 36118 50543 79853 NA

CI FRACTION S YR T1/2 0.95 0.05 1,00

ACTIVITY CI 1230 70 272 1300

YEARS TO CASK LOAD 2

Cs137 SR 90 CS134 TOTAL

DOSE DOSE DOSE DOSE

MRADS MRADS MRADS MRADS

DOSE TO CASK LOAD 87 7 32 125

CS137 SR 90 CS134 TOTAL

DOSE DOSE DOSE DOSE

YEARS SINCE CASK LOAD MRADS MRADS MRADS MRADS

(1ST DAY) 0 0 0 0 0

1 42 3 9 53

2 83 7 16 106

4 162 13 24 199

-] 310 24 30 365

14 568 44 33 644

32 940 74 33 1067

44 1418 108 33 155y

148 1777 133 33 1v42

254 1832 134 33 2000

300 1835 134 33 2004

DATA UNITS Cs137 SRY0 CS134 TOTAL
HALFLIFE YR a0 28.2 2.05
DECAY CONSTANT YR-1 0.02 0.02 0,34
DOSE CONVERT RAD/YR#CI 346118 50543 79853

CI FRACTION > S YR Ti/2 0.95 0,05 1.00

ACTIVITY Cl 1230 70 272 1300

YRS TO CASK LOAD 2

€S137 SRY0 CS134 T0TAL

YEARS SINCE DOSE RATE DOSE RATE DOSE RATE DOSE RATE

CASK LOAD RADS/HOUR RADS/HOUR RADS/HOUR RADS/HOUR

(1ST DAY) 0 4841 382 1259 6481

1 4730 373 899 4001

2 4422 343 641 5624

q 4414 346 324 5085

8 4024 314 84 4422

14 3345 258 b 3608

32 2311 174 0 2485

64 1103 79 0 1183

148 158 10 0 148

256 13 1 0 14

300 5 0 0 s
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CAS VOLURE
CATION RESIN
PRACTION OF

0.40 WATER IN RESIN

G-M2 RESIN

0.67INITIAL CAS VOL

MATA TS
CAS GEn RATE  CC/CRARSSEWRAD 17.3
RESIN VOLURE  FT°) (CATION) 18.00
GESIN DENSITY CRARS/CC 0.85
SEXTN VOLID FRACTION
TOTAL WLumE  CuBIC Y 61.30
M2 FRACTION
YRS TO CaSk LOAD 2
NOM-H2
YEARS SInCE CASK LOAD ROLES
€1ST BAY) 0 0.02
b} 4.04
4 11.66
4 22,00
[ ] 40.31
16 71.22
32 117.88
(Y] 122.24
148 214,60
25 221.08
300 221.43
bATA UsITS
HYDROSTATIC WD FY 0
RELIEF C O PSID 10
KELIEF Saut PSID 3
YR TO CASKE LOAD 2
DIFFEKENTIAL
YEAKS SINCE CASE LOAD TOTAL GAS rSID
(1ST DbAT) 0 0.02
1 $.3%
2 10.34
[ 19.51
8 35.74
1é 63.1%
32 104.52
o4 152.73
148 190.28
2346 196.02
300 196.34
LINE& VOLUNE $2%13 CC
TOTAL LINER
DOSE
TEAKS SI~CE CASE LOAD AKADS
(] 0
1 é
2 12
4 22
[} 40
16 7
32 118
o4 122
148 215
2% 223
300 222
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H2
MOLES
0.03
12.26
23,68
44,68
81.04
144,39
239.33
349.72
433.70
448.02
449.37

CALCULATED VALUES

HYDROSTATIC MD

e RELIEF LIFTS
T0 DATE

LIMER
HYDKOGEN
GCMERATION
MOLES
0.00

00” "

1.92
30“

UNITS

3. 74 CubIL FY
433294 GRARS (VET)
0.47
0.30M0LECULES/100FY
49.3¢ AOLES
T0TAL UNVENTED
CAS CAS PRES
ROLES PSlA
«032133903932 14.72
18.29 20.05
35.34 25.04
66.468 34.23
122.18 50.44
215,81 77.83
3s7.21 119.22
321.98 167.43
650.30 204.98
669.89 210.72
671,00 211.04
UNITS
[} PSID
APPROXIRATE RAX IRUR
YEAKS BETWEEM F3ID IF
RELIEF RELIEF FAILS
LIFTS THIS YEAR
2 196
2 191
1 184
2 177
2 161
2 133
3 92
7 44
48 6
592 0
1641 0
RAX 1RUN LINER CAUSED
PRESSURE PRESSURE
WITH LINER INCREAST
PSIA FSID
14.72 0.00
20,34 0.2v
23.60 0.54
35.27 1.06
52.38 1.94
81.27 3.42
124.89 S.67
17%.71 8.28
21%.30 10.31
221.34 10.43
221.68 10.44



e




APPENULX D
THEKMAL ANALYSIS OF CONTAINER

R. T. Haelsig

Nuclear Packaging, Inc.






APPENDIX U
THERMAL ANALYSIS OF CONTAINEK

0.1 Introduction
Thermal analyses of aboveground storage and belowground burial
conditions nave been conducted. The guiding assumptions of four bounding

analyses are set forth below:

1. Lase 1, Maximum Temperature Above Ground

a. Uecay heat
b. Maximum ambient air temperature
C. Maximum insolation

2. Case 2, Minimum Temperature Above Ground

a. Decay neat
b. Minimum ambient air temperature
Cc. ho 1nsolation

3. Case 3, Maximum Burial Temperatures

a. Uecay neat
b. Maximum ambient soil temperatures

4. Lase &4, Minimum Burial Temperatures

a. becay heat
b. Minimum ambient soil temperatures.

The results of these analyses provige the temperature estimates shown in
Table D-1 for the HIC.



TABLE D-1. HIC TEMPERATURES

Predicted Temperature

(°F)
Outer Inner
Case Surface Surface
1. Maximum, above ground 165.2 165.5
2. Minumum, above ground -39.7 -39.4
3. Maximum, burial 93.0 93.2
4. Minimum, burial 57.0 57.2

0.2 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 p-1.°2

Specific pnysical 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 (Keference 1)

2. The normal-density concrete is assumed to possess a density of
145 'Ib/ft3 (Reference 3) and a conauctivity 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 ana1y§isrwgs not repeated when the HIC outside diameter was
Increased to 62.5 inches since the larger diameter tends to reduce the heat
flu?& Thus, the existing analysis is more conservative than a new one

would be.

-4
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Figure D-1. Idealized thermal model.
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For aboveground conditions (Cases 1 and 2), free convection to

ambient air was assumed to obey the McAdam's film coefficient

relations for laminar and turbulent flow, as foﬂows:4

Laminar Turbulent
(Gr Pr < 109) (Gr Pr > 109)
1/4
Sides  h = 0.29 {%;l- h=0.19 (am)!/3
1/4
Top h = 0.27 481 h = 0.2z (a1)"/3

L

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 (&w) (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

- In(ro/ri)

Rg = —ZnkL
- lng30.75/24.752 + 1n§24.7b/24.5g
" . l ) " . (o)
(concrete) (steel)

9.5039 x 10> °K-hr/Btu

End Resistance

AL,

Re = XK

A=x (89)%/(4)(184) = 13.095 ft°

L-6
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R, * 13%655"1%4}2" °°2? 12 ) & 10u.00 x 107 *R-hr/Btu . (0-2)

L.3 Aboveground Analysis

In adaition to a constant decay heat, Q - 27.28 Btusnr, insolation
is applied to the cask surfaces in the Case 1, maximum temperature event,

as follows:
= 9507.17 Btu/hr . (0-3)

This insolation value is applied to the exterior of the cask. In concept,
the thermal analysis mogel is as shown in Figure U-2.

qS=9507.17 Btu/hr, qd=27.28 Btu/hr
Case 1

= 0, Case 2
Rs 4

T
oo
130°p,
Case 1
-‘08P' I
Case 2
Ambient Outer Inner
Environment Surface Surface

Figure D-2. Thermal analysis model.

fne resistors, Rr ana Rc. schematically represent nonlinear radiation
ana convection nheat transfer modes, respectively. Kepresentation is as
follows:



(]
]

Radiation

0.1714 x 1078 Btu/hr-fté-or*

K(To4 - Too4); o

L
-
1l

0.96(cold, Case 2)

0.9(hot, Case 1)

_ 4 2
AT = AS + Ae = 134,00 ft
. : e s 2 Z
AS =g (61.5)(84.5) = 16,326 in.” = 133.37 ft
A, ='%(b].5)2 = 2,971 in.2 = 20.63 £t
K =och; = 206.71 x 1072, case 1
K = oehy = 220.49 x 1077, Case 2 . (D-4)
Convection
g, = hA(To - Too) (D-5)
where
h = film coefficient values defined in Section U.Z.

Selection of appropriate values for laminar or turbulent flow depends

upon the product (GrPr):

Pr

U.72(10U°F - 200°F, Air) (from Reference 3)

D-8



2

2 6 .
or = sg%_, To - Too) L3; g!%_ = 1.76 x 106 ¢ 100°F
v ¥ 2 0.85 x 10 ¥ 200°F

. - B4.5

For sides: Ls T 7.04 ft
. L 015

for ends: Le 7 5.13 ft

(To - Too) = 3U-50°F .

Thus, the product (GrPr) can reasonably range from:
(0.7¢)(30)(5.13)3(v.85 x 10%) = 2.5 x 10° to

(0.7)(503(7.va)3(1.70 x 18) = 2.2 x 101°

(0-6)

The flow, therefore, is turbulent, and appropriate film coefficients are:

Siges h = u.l9(ﬂ)”3

Ends hs0.2¢aT)3 .

The differing relations for side ana ends sum as follows:

1+1/3
q - CAI(Io - Too)

C =

(V19 A5 + 0.28 Ay 19)(113.37) + (0.2¢)(0.b3)

AT 134.00

= 0.1940¢ Btu/hr-fté-°F .

(0-7)



Thermal balance at the container exterior is achieved by iteration of the
following expression:

fF(T0) = a5, = 95 = 0

%G, = 9 + q = Y534.45 Btu/hr, Case 1
= 27.28 Btu/hr, Case 2
q =q +q = K(To4 - Too4) + CAT(TU - Too) (D-8)
out r C
where
"9 o 4
K = 206.71 x 10 7 Btu/hr-°R" (Case 1)
-9 opd
K = 220.49 x 10 ~ Btu/hr-°R" (Case 2)
C = 0.19462 Btu/hr-ft2-°F
A. = 134.0 ft2
T - . .

The results for aboveground cases 1 and 2 are shown in Table U-2. For both
cases, the total thermal gradient from inside to outside is less than
0.24°F:

. ] ,

AT = gR = (27.28 = 0.238°F . -
grR = ( )x~|—-;—-|— 0.238°F (D-9)
R. "R

S e
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TABLE D-¢. TEMPERATUKE EXTKEMES FUK ABUVEGRUUNY STURAGEL

Temperatures
(°F)
Air
Temperature Heat Outer lnner?
Case {°F) (Btu/nr) Surface Surface
1. Maximum temperature 130 9534.45 165.21 165.45
¢. Minimum temperature -4 .28 -39.67 -39.44

a. Basea on parallel sum of side and end conduction resistors, Rg ana Ke.

U.4 Belowground (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 semiinfinite 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.

Since the High-Integrity Container is buried at considerable depth,
such rigor is not appropriate. A steady state solution has been applied
assuming soil temperdtures at a given distance from the container are
constant. The container temperature is then found based upon the cal-
culated so1l temperature gradient anu the assumed constant suil temperature
at a given distance from the container.

Since the containers are assumed stacked, adiabatic conaitions have
peen assumed at top and bottom of the container. Thus, the model reduces
to a one-dimensional (ragial) model of a cylindrical soil volume. The
height of the soil cylinder is assumed equal to the container inner height
(62 1n. or 5.167 ft). Tne inner diameter of this soil cylinder is



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 . (v-10)

The volume of soil to store this heat with a 2°F average temperature rise

is:
= { -> = .&_
Q LpVAT v N
p
_ 238973 _ 3
V = AICIA N 6,638 ft (u-11)
But,
| 2 2
v =37 (D0 - Di ) L
1/2
_ 4V 2
o QTE *07)
1/2
_ (4)(6638 Y -
= [ﬂ 5167 + (5.125)%] = 40.8 ft . (L-12)
The temperature differential across the soil disk is:
In(D /D.) .
T = - o i _ 1n(40.8/5.125) _ o «
A qR q X - '2"“_k 'L" 27.28 2"(0.25)(5.Tb7) 6-97 F . (U‘]J)

D-1¢



The temperature differential across the container wall is:

al = kg = (27.28)(9.5639 x 107%) « 0.20°F (U-14)

As a buunding check on the assumed soil disk diameter, consider conduction
from this disk to the ground surface. The expression is:

qQ "kl e al -g-g (0-15)
where

k = 0.05

S ] 4.45 g

LI w92
= 197.34
D = 40.8 ft
4 = 9u ft (maximum burial depth).

The 011 disk-to-ground surface differential is then found as:

27.28

= Y ° -
aT 0-25)0197.34) 0.55°F . (U-16)
This small-magnituce 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 D-3.

L-13 .



TABLE D-3. HIC TEMPERATURE AFTER DISPOSAL

Temperature
(°F)
Soi1l 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 Uesigners Guide, OKNL-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: Mcaraw Hill Book Co., 1963,
p. 168.
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APPENDIX E
VENUUR EVALUATIUN TEST KESULTS

£.1 Introduction

Detarl test requirements and procedures are establisnea in NuPac Pro-
cedure PT-04, All test results are summarized in NuPac Inspection Instruc-
tion and Keport, LP-1b, Revised August 2V, 198¢. This appendix briefly

describes tests performed and summarizes significant findings. Findings
are grouped into the following categories:

1. Vent function

2. Lifting and handling

3. Seal integrity

4. Hanaling accigent events (drop and penetration).

E.2 Vent Functional Tests

Vent tests conducted using the setup shown in Figure c-1 were
performea as follows:

1. Mmeasurements of airflow rate under a 10-psiy internal pressure
differential.

Air-flow remained constant over the four-hour measurement perioa:
$/N00) 0.469 to 0.476 cm>/s

S/NOVZ 0.093 cm/s

Acceptance criteria: >0.0135 cm3/s.



PRI e

Figure E-1. Vent function test setup.
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Proof test at 40 psig internal pressure for one hour. Flow rates
were

S/NUUL 0.527 cn?/s
S/NOUZ 0.094 cm¥/s
Acceptable criteria: no rupture.

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. MWater flows were as follows:

Pressure S/NgOI
(psiq) (cm™/h) S/NOUZ
v None None
20 0.042 None
30 1.7% None
40 5.25 None.

Final airflow measurements under a 10-psig internal pressure
differential:

$/N00) 0.449 to 0.477 cm/s
S/NOOZ 0.038 to 0.091 cm3/s®
Acceptable criterfa: >0.0135 cm3/s.

Test results satisfy all applicable criteria and requirements. The

variabilities of water-head retention and gas flow rates between 5/NOO} and
S/N0U2 are pronounced but appear characteristic of .the porous poiyethylene

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 1ifting known or measured loads. Al]l tests of
disposal hardware {(container and 1id) employed geometric setups that
ensured the proper weight was applied to the loading device. Figure t-¢
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: 7/16 to 1-11/16 inches
b. Vertical clearance: 1/8 inches
2. Lid-to-body raaial clearance: 3/4 to 1-3/4 inches
3. Plumb angle: 3/8 inches in 48 inches = 0.45 degrees.

E.4 OSeal Integrity

Sealing was accomplished, and the container cavity was pressurized to
10 psig and held in excess of one hour with no pressure drop. All sealed
surfaces and areas were soap bubble-checked per ANSL Standard ni4.5; no

E-6



Load testing.

Figure E-2.
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82 - 7576

82 - 7572

Figure E-3. Compatibility--body and abrasion liner.



Figure E-4. Compatibility--load collar and body.



B

Figure E-5. Compatibility--EPICOR-II, load collar, and body.



Figure E-6. Compatibility--1ifting fixture, 1id, and body.
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leakage was detected. Both detection techniques demonstrated the container
is leaktight to at least 10 psig.

t.5 Handling Accident Events (Urop 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 arop test employed a 1ifting 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 1id
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 1ift Tug 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.

t£.5.1 Three-Foot Corner Drop

Figure t-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 supportcd
by a mobile crane.

k=12



Figure E-7. Three-foot corner drop.



Resultant damage from the 3-foot drop is illustrated in Figure E-&.
The top photo indicates a crush, or crumble zone at the point of initial
impact, characterized by a Z4-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 rignt
photo shows distress around the lug eye caused by lift-fixture prying
forces. None of the observed distress compromises functional performance
of the container.

£.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.



Figure E-8. Damage--3-foot drop test.
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Figure E-9. Penetration drop test.



APPCNDIX F
ANALYSIS OF CONTAINER VENTING

Steven R. Streutker

Nuc lear Packaging, Inc.

F-l






APPENDIX F
ANALYSIS OF CONTAINER VENTING

Preliminary analysis of the container vent material indicatea that gas
flow rates greatly exceeding the needed 0.052 mole per day coula be
obtained with porous polyethylene disks of 5- 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
was not acceptable, turther testing was conducted using filter material
with a 1-micron pore size. No data are available from the manufacturer
concerniny 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-1, the filter stack was
placed between the two boIts, and the bolts were tiyntenea 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 the annular
space between the filter stack and chamber wall. This space was vented to
the outside as shown, thus preventing any pressure buildup and subsequent
leakage into the outlet passage, and ensuring passage of air or water
enteriny 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 F-¢ is accurately controlled with the
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 disconnecteu at
the elbow, partially filled with water, and then reattached. The line then
fs pressurized to the desired vailue, resulting in the desired hyarostatic
pressure at the filter.
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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-1. 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 cmj/s).
Therefore, an increased stack thickness and/or a decreased pare size could

be tolerated.

Results of the water flow test also are given. RKesults 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
allowanle 0.36 cm3/h, so that configuration could pe 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 airfiow test data given in Table F-1 are used to predict the flow
rate of the design vent assembly given in NuPac Uwg. EP-¢U-OblL. Usiny 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 cm3/s is
calculated for a five-layer stack. That value is considerably above the
required 0.0135 cm3/s at W 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.

F-6



TABLL F-1. TEST UATA
. Air Flow —
Pressure Flg“
Filter Disk {psi) (em~/s)
2-layer 5 v.41
10 0.94
15 1.42
3-layer 5 0.17
10 u.40
15 0.60
4-layer 5 0.07
10 V.26
15 0.44
water Flow
Pressure F;O"
Filter Disk (psi) (cm°/h)
20 3.0
TABLE F-2. PROTOTYPE TEST RESULTS
S/n0V1 $/N002
Initial gas flow (cm3/s)
10 psa 0.470 0.093
40 psi 0.527 0.094
Final gas flow (cm3/s)
10 psi u.404 0.038
water flow (cm3/n)
10 psi None none
20 pst 0.042 None
Ju pso 1.7% None
40 psi 5.2% None




Water infiltration rate to fill a HIC in 300 years is 0.33 cm3/h
(see Section 3.2 of main report). Interpolation of data for S/NUU1 gives:

Required pressure, psi 24
Hydrostatic head, ft (m) 55 (16.8).
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APPENDIX G
SHIELDIMG ANALYSIS ANU ANALYSIS OF
RAUVIATIUN DUSE TO CUNTAINEK MATERIAL

6.1 Radiation Source

The ragiloactivity 1n each EPICOK-I1 liner is attributed to the
following isotopes:®

90, 70 Ci
‘3‘Cs 272 0
Ve 1230 Ci.

Ine peta and gamma sources corresponding to these isotopes are listed in
Table 6-1. Five of the six gamma-energy groups are attributed to ‘3465.
with a halt-life of 2.U5 years. The 0.6o-MeV energy group, however, is
attributable to 137(‘.5. with a half-life of 3U years. The latter energy
group contains the highest gamma activity and is responsible for most of
tne yamma dose rate, both on the HIC interior ana exterior. The beta-
energy groups, with the exception of the 0.66-MeV group, are attributed to
9u5r {ang its daughter 90') and ]37Cs, with half-lives of 28 and 3U years,
respectively. Therefore, most dose rates from both beta and gamma activity

are aue to the longer-lived isotopes.

6.2 HIC Shielding Configuration

The geometry ot the HIC 1s 1llustrated 1n Figure u-1, as modelea for
shielding calculations. The ion-exchange media are contained within a
0.25-inch-thick EPICOR-11 liner. Approximately 36 ft3 of ion-exchange
material 1s contained in the EPILUR-I] liner. The HIC has a U.<¢5-incn-
tnick steel inner lining, which is coated with an organic sealant. The
6 inches of concrete (assumed 147 1b/ft>) in the wall of the HIC, and
11 inches at top and bottom provide some shielding.

a. Invs assumption 1s used to conservatively envelope the typical, or
representative values given in Table 1 of EGLG Specification ES-6065¢8.
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TABLE G-1. ASSUMEL RADIATIUN SOURCE FRUM AN EPICOR-II PREFILTER LINER

Gamma Source

tnergy
gMeVE Photons/s

1.365 3.4E11 x 101]
1.17 1.9€11 x 101!
1.04 1.0E11 x 101}
0.80 9.9€12 x 101%
0.66 3.9613 x 10}3
0.61 9.8£12 x 1012

Beta Source

Energy

(MeV Betas/s
2.27 2.6E12 x 1012
1.18 3.2612 x 1014
0.66 1.0E13 x 10)3
0.55 2.6E12 x 10}¢
0.51 4.6£13 x 1013
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High-Integrity cask shielding configuration.



The top of the HIC is a concrete 1id 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 assemply
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 unshieldea. Three depres-
sions, located at the top of the 1id (as shown in Figure G-1) provide clear-
ance for the lifting eyes. The depressions are hemispheres 3.75 inches in

diameter.

6.3 dSource Configuration

Three cases were analyzed to ensure bounding of the actual source

distribution:

1. A uniform activity distribution through the bed; the average
density of the resin is specified as 0.865 g/cm3

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
density of 0.62 g/cm3

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 EPICUR-1I Viner.

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 EPILCUR-II liner will effectively prevent any signif-
icant beta contribution to the HIC dose rate, but since the tPICUR-II liner
may rust away, that liner was ignored and the dose contribution from beta
radiation was also included.



Figure 6-2 illustrates the calculated dose rates to the HIC interior
coating for a uniform distribution of activity. tor the uniformly distrib-
uted source case, dose-rate calculations for the top inner corner of the
HIL, which represent the amount of raaiation that would reacn the 1id bond-
ing ayent, are included. The maximum dose rate was calculated to occur
alony the HIC 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 aistribution in the upper half of the resin bed.

6.5 Calculated Uose Kates to the HIC Exterior

Figures L-5 through 6G-7 illustrate the dose rates calculated at speci-
fied points over the exterior of the HIC. The four 1id points are at cen-
terline, above tne fluid-trap cavity, ana in the depression of each lifting
eye. Points along the container wall are evenly spaced between the top ana
bottom, and the three points on the bottom are at the edge, centerline, and
halfway between.

The lowest dose rates to the exterior of the HiL were calculated for
the uniform source distribution in the resin bed, with a maximum dose rate
of 74 rads/n near tnhe migpoint of the resin bed. The highest dose rates
were calculated at a maximum of 172 rads/h for the source concentrated in
the 6-inch zeolite layer, whicn is aiso the most realistic source to
represent the 50 tPICOR-I! liners.

6.6 Total Integrateo Doses to the HiL Inner Coatiny

Tne total integrated doses to tne inner HIL coating are sumnarizea in
Table u-2 for the three source distributions. The integrated doses are not
#n exact proportion to tue calculated dose rates to the inner HilL coating,
since the different nalf-lives of the contributing isotopes must be
consigered.

G-/ :
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Figure G-2.

Dose rates to coating of inner cask liner; source uniformly
distributed through bed.
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Figure 6-3. Dose rates to coating of inner cask liner; source
concentrated in 6-inch-thick zeolite section at top
of resin bed.
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Figure 6-5. Dose rates to HIC exterior (gamma only)} source uniformly
distributed through bed.
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TABLE G-2. SUMMARY OF TOTAL INTEGRATED DOSE TO HIC INNER CUATING

Assumed Source Distribution

uniform distribution over resin bed

Activity concentrated in the 6-in. zeolite
layer

Activity concentrated in upper half of resin bed

Integrated Dose
(Mrads)

170 (gamma)
_42 (beta)

212

560 (gamma)
370 (beta)

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 (3le)

fabricated eyes. Addendum #2 is a prediction of container strength
increase with age.
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APPENDIX 1
LIFTING AND HANDLING ANALYSIS

1.1 Introduction
Lifting and hanaling equipment are definea on Dwgs. tEP-70-01u,
“Spreader Bar Fabrication Details,” and EP-70-020," Lift Links Fabrication

Details."

l.¢ bSpreager Bar, Urawing EP-70-UlU

The spreader bar has been checked for a fully loaded container weignt
of 17,200 pounds. The force imposed upon each of the beams (Item 1) under
a normal lift is

7,200 1b (1-1)

Shear, V = l-Jﬁr-—-— - 8,600 1b

Moment, M = 8,00u 1b (57.75 in./¢) = 248,3¢5 in.-1b (1-2)

The beam, Item 1, is a W 10 x 26 with section properties of
s =27.9 in.} (1-3)
2

Av s (0.¢60) (10.33) = 2.69 in.” .

Stresses and margins of safety, using allowables from AlSL, Section 1.5 for
ASTM A-36 steel (Table I-1) are

f o 288,385 4 g 901 psi (1-4)

12.76 .
nsb *5.90 - ] = +0.43
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TABLE I-1. ALLOWABLE STEEL STRESSES

Normal Lift

Stress Type Symbo1l Allowable Stress (psi)
Tension Ft 0.6 Fg 2 = 11,600
Shear Fy 0.4 Fg = 7,730
Bending Fp 0.66 Fg = 12,76V
Bearing Fp 0.9 Fg = 17,400
_1 Ey Fu _ . . -
a FS =% Min 37 19,330 psi (A-30)
8600 _ ,
fv 760 - 3,197 psi
_7.73 i
M.S.v =370 1 =+1.42 .

Comnecting flange welds are full penetration, possessing the same stresses
and allowables. Web welds are double fillets with greater strength than
the full-beam-section capacity.

The primary lifting eye (Item 3) is 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=2Ft (Em - d/2 cos 40°) (1-5)

= (¢) (7,730) (1.0) (2 - 0.75 cos 40°) = 22,038 b .
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Net tensile area and associated limit tensile capacity are

Ay = (6.6 - 1.5) (1) = 5.10 in, (1-6)
P * (5.10) (11,600) = 59,2w 1b . (1-7)

Minimum primary 1ift lug margin is

M.S., = M

L 17.2 - ] = *0.28 . (1-8)

Lift lugs of the container body (Item ¢) 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 is

liii cos 4U°) (1-9)

PL = (2) (7,730) (1.¢5) (1.75 -

= 23,160 1b .
Net tensile area and associated limit tensile capacity are

2

Ap = (6.6 - 1.44) (0.5) + (3.5 - 1.44) (0.75) = 4.125 in. (1-10)
PL = (4.125) (11,60V) = 47,850 b . (1-11)
Minimum pody 1ift lug margin is therefore

s = B8 - 1 - ey . (1-12)



I.3 Lift Links, Drawing EP-70-02U

A1l elements shown on this drawing are standard components with safe
working load ratings prescribed by manufacturers. Table I-2 presents
margins of safety based upon those values. Manufacturers' data sheets
follow the table.

TABLE 1-2. MARGIN OF SAFETY

Design Margin

swL? Load of
Item Component (1b) (1b) Safety
1 Wire rope, 0.50-in. ¢ 5,320 844 +5.3V
VA Master link, 1-in. ¢ 20,300 2,531 +7.02
3 Socket, 0.50-in. ¢ 5,320 844 +5.30
4 Shackle, 3-1/4T7 6,500 844 +6.70
5 Eye hook, 4-1/27 9,000 8,600 +0.05
6 SL eye, 2T 4,000 844 +3.74
7 Link, 1/2-in. chain 11,250 844 +12.33
8 Socket, 0.75-in. ¢ 11,700 8,600 +0.37
9 Wire rope, 0.75-in. ¢ 11,760 8,600 +0.37
}? Socket, 0.75-in. ¢ 11,760 8,600 +0.37

Shackle, 4-3/4T7 9,500 8,600 +0.10

a. Where dbreaking strength given, SwkL = 1/5 break.
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HUSKY Blue/white IWRC
Extra lmproved Plow Stael — 137/ Greater Swength

Pocitic HUSKY Grode Bue white Strand is properly Pre
formed Interncily Lubricoted. ond hos an independent wire
tope core. It is ovallable in Regular Lay or Lang Lay

The table below covers the § x 19 clossilication ropes of the
following wire rope constructions

Sx25F IWRC & x 21F IWRC. 6 x 159G IWRC.

§x 238G IWRC
Diameter  Approa Weight Iwci--g Stwengih |
wm lnchen P_?' Foor -lY}uug m',‘,,.
14 116 3.40
518 180 s
I 260 7.8%

716 3 10.2
D%%Jl ol 123 o
‘ s 16 59 168

S8 7” 20.6

Ry 3 1.04 294
ol S T Rl s

I ) 185 5Ly

i 1 234 65.0

1 ke 289 799
I 8 1 8wm. 4 WD =

| 112 416 114.0

! 15m | 88 1320

| 134 s 67 153.0

| s | 6.50 1740

| 2 739 198.0

1 san | 838 2210

| . a#Da 83 Ml

| 2112 1s 020

| 29/ 14.0 3%1.0

SUPER-7" Blue/white Strand IWRC

FATENTED-ERTRA (MFSOVED »LOWw STREL

SUPERT" wite tope s o NEW concept in wite rope design
ts of seven rope strands as the name implies)

7 sally. # ¢
belically losd around o core

Conceived os on intermediote rope between the usual 6
strand cnd Sstrand ropes. # hos been proved by extensive
feid and loborotory tests to be on ideal ALLPURPOSE rope

SUPER 7" wire rope combines in ONE wire rope ALL the
desicbie choroctenstics one looks for in o wite 1ope high
strenyh and high cbrosion with good fotigue lile flexibility
ond plichility with stobility. ruggedness ond resisiance lo

crushing
ALL PURPOSE SUPER 7" comes closer to being an all
purpose rope than omy wae 10pe ever monuloctured It is o
true Tetrand wire 1ope plus an independent wire rope core
This opproaches the flexibility of 8-strand rope. and the fatigue
resistiance of 6337 rope. cnd the ruggedness of 6xi8 rope

Dsameter Appros Wi
i Incbos Peor Foor
5 I8 %
L é
& 35
P 4
8716 59
‘ 59 72
: 34 1 04
! 79 1.42
! I | 8% $1.0 !
| 1178 2.4 642
; 134 189 8.9
{ 138 150 849
1-3/2 4.16 1120
rs s (R 1310
134 566 152.0 |
H J R R

[=7

W W (S —_—

Septem!;;r: 1982

HUSKY Blue/white STRAND IWRC
Extro Improved Plow Steel

Tor extra heavy duty, providing o higher salety factor,
“Husky Blue white Strond” has 1577 grecter strength than
listed for “Supersteel. " and is used for similar purposes

The wire used in "Husky Blue 'white Strand” is drawn from
special steel Special drowing proctice using the mos! modern
scientific equipmen! assures superiative high strength. abra
sion resistance, and fatigue resisting properties

Pacitic "Husky grade is properly PRElormed. Internally
Lubricated. and has on independent wire rope core. It is avail-
able in Regular Lay or Lang Loy

The toble below covers the € x 37 clossilication ropes of the
following wire rope constructions

6 x36C IWRC. 6 x 4IF IWRC. 6 x 465 IWRC.
6 x 43FG IWRC. 6 x 459G IWRC

Diameter Appros “ﬁ..gm Breaking Strength

]
! n Inches ___Pet Foor inTonsol 2000ibe
| 1 4 16 340
516 180 527
8 260 7.55
i 716 35 10.2
g‘ . s 46 133
| 916 59 168
58 72 206
34 1.04 254
7/8 z 1.42 398
;__J_._.;,_J S o SR e RSO
i l/8 Pl | 65.0
a4 289 799
138 3.50 9.0
1172 416 s
W . LR Wedimiwn... G G | L SR
134 567 | 153.0
178 650 i 174.0
2 7.39 198.0
218 8135 2210
,_.,’_L‘,__,. . e L G
212 ! 116 3020 |
234 140 310
i 3 166 4250 |
L 318 18.0 4580 |
SUPER-7

MONO-LAY EXCAVATOR ROPE
Lang Lay HUSKY IWRC

SUPER7 Mono Loy combine the proven SUPER7
qualities, 37.wire flexibility, Mono Loy IWRC construction and
HUSKY Grode wire to produce o rope having the greatest bal
ance of strength, flexibility, and stability of all the ropes in the
Pacific lamily.

These ropes derive their optimum strength from the fact that
the IWRC is 80 integroted with the outer seven rope strands
that the latter are positively supported or cradied in the valleys
ol the seven oute: strands of the IWRC. This feature gives
maximum rope support and, consequently, greciest possible
strength

Principal uses for SUPER7 Mono Lay Ropes are for heavy
duty excavatoms, particulorly as hoist ropes on shovels and
droglines

7 x 367 PREClormed Lang Loy HUSKY MONO LAY with
Integrated §Strand IWRC

| u.....'.';“ Appron Wi Braaking Strength |
In Inches _PerFoor | InTons ol 2000 Lbs l
| 201 | 558
I M 703
1 ‘ LR T | 864
. 1% 180 | 104
1 5 123
1% 5 144

s . S ot R



WELDLESS ALLOY MASTERLINKS

A-342

FORGED ALLOY STEEL — QUENCHED & TEMPERED

S

\—/

Al C E
A
}
D —
A-336

LOK-A-LOY® 6
ALLOY CONNECTING LINK

FORGED ALLOY STEEL — QUENCHED & TEMPERED

{US. PATENT NO. RE-27620)

Revision 1
September, 1982

oa | s | e |o | ¢ rireid SINGLE puLL
A POUNDS
172 | 250] s00| 350} 6.00| 81 4.100
s/8 | 300] 600| 425] 725 15 5,500
a4 | 275| 550 a25| 7 2 8.600
l}w 350| 700{ 550} 9 46 20,300
11/4 | 438| 8.75| 6.88 |11.25| 9.2 29,300
- 11/2 | 5.25|1050| 8.25 |13.50| 15.7 39,900
13/4 | 6.00]|12.00| 950 |1550] 24.5 52.100
2 7.00| 14.00 | 11.00 {18.00| 38.1 81.400
$21/4 | 8.00(16.00[12.50{2050| 54 8 99,500
4212 | 8.00[18.00|13.00]21.00| 71.6 | 122750
t23/4 | 9.50(16.00]15.00{21.50| 87.7 | 148500
13 9.00 | 18.00 | 15.00 | 24.00 | 115 180,000
13 1/4 | 10.00|20.00 | 16.50 | 26.50 | 145 218,500
3 1/2 {12.00] 24.00 | 19.00 | 31.00 | 200 232,500

‘Minimum Ultimate Strength Six times working load hmit.
tWelded Master Link.

CHAIN WORKING DIA. MOLE WEIGHT
auze LOAD A ] c 1) E F TO ACCEPT EACH
INCNES LIMIT POUNDS MALE LEG POUNDS
1/4 3.250 31 2.05 1.66 .87 .82 .90 .49 .25
‘ /6 6,600 .45 2.72 2.30 1.16 1.08 1.22 .65 .50
7\ 1/2 11,250 .58 3.33 3.13 142 1.40 1.56 .87 1.10
5/8 16,500 .78 3.92 394 1.87 167 1.86 1.05 2.2
3/4 23,000 .89 484 444 2.09 1.87 219 1.18 4.00
7/8 28,750 1.00 5.82 5.28 2.54 212 2.50 1.38 5.75
1 38,750 1.08 6.48 6.07 284 2.55 293 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.
SINGLE TRIPLE
Alloy Sling Chain Assembly Charts
s | wadren | wadren | socisor | e |
. uAS ) LOK-ALOY | WA
W LINK UNK LINK LNK DOUBLE
A342- 1/2 | A342- 1/2 ] G336- 1/4] A342- 3/4
A342- 3/4 | AM2- 3/4}GQ336- 3/8] A342-1 B
A342-1 A342-1 G336- 1/2 | Ad42-11/4
AM2-1 A342-1 1/4 ] G338- 5/8] A342-11/2
A342-1 1/4 | A342-1 1/2{1 G336- 3/4 | A342-13/4
A342-1 1/2 | A342-1 3/4 | G336- 7/8 | Ad42-2
| A342-1 3/4 | A342-2 G336-1 A342-2 1/4
AD82-2 ‘TAS42-21/4 | A338-1 1/4 | A342-2 3/4
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SPELTER SOCKETS — FORGED STEEL ' 0"

**«qt or euceed Federal Specitication RR-S-550 Speiter socket terminations have an sfficiency rating of 100% This rating
2300 On the catalog strength of wire rope ‘\

G-416 & S-416 OPEN SPELTER SOCKETS

S

a0 .
P~y A [ o r [ ) ] 4 [ [ ] ] 'I-z.
1.4 4N ) (] k]! 83 13¢ 200 158 131 I} ]

/18-38 o 8 8 “ 15 | 163 | 200 | 175 | 138 44 13
118172 ss6 | 100 | 100 56 100 | 194 | 250 | 200 | 194 50 23
9/16-58 ers| 125 | 119 69 | 113 | 225 | 300 | 250 | 228 56 a0
3a 794 | 150 138 Y 126 | 269 | 350 | 300 | 26 63 6
78 95| 1715 | 18 97 | 150 | s25 | 400 | 350 | 313 78 10
1 w0s6| 200 | 200 ] 113 175 | 375 | as0 | 400 | a3rs 88 185
1178 1mer | 226 | 225 | 125 | 200 | 425 | so0 | as0 | 413 | 100 24
114138| 1319 250 | 250 | vs0 | 225 | ars | ss0o | soo | a7s 113 32
V2 w12 | 300 | 275 | 163 | 275 | s2s | eoo | eo0 | s38 | 119 ey

416 (Open) 417 (Cilosed)

Note: Above drawings iflusirate one groove used on sockets
34 andsmalier Sizes T 8 1o 1 1727 inClusive use 2 grooves
Szes 1 &8 and larger use ] grooves

G-417 & S-417 CLOSED SPELTER SOCKETS

;‘:‘ a » c o . ’ ° " 3 X L .L:é.

14 'y .. 44 144 81 N K} 83 13 200 50 18 S
8/16-3/8 a6 6| 100 o 38 “ s | 158 | 200 83 | 208 1
7/18-1 2 8§50 & | 200 | 113 a“ s6 | 100 | 194 | 25 88 | 2: 18
16-5/8 638 81 283 138 63 60 119 238 3.00 100 | 2% 3

Ve 763 | 108 | 300 ] 16 69 o 131 | 27 | 3s0 | 125 | 308 51 Y70
> /8 ses | 131 ] 363 | 188 88 97| 150 ]| 325 | 400 | 150 | 3% 78
o 1000 | 164 | 413 | 228 o | 113 ]| 178 | 3715 | 450 | 175 | 408 | 12 ‘

™ 1v8 1113 ] 186 ] 4s0o ] 250 | 100 | 125 | 200 | 413 | 500 | 200 | ¢S50 | 18 i

trverwe| 1231 ] 1ee ]| soo | 2rs | 113 | 1s0 | 225 | 475 | sS0 | 225 | 53| 3

A\ 172 1413 ] 200 ] s38 | 313 | 113 | 163 | 278 | s25 | 600 | 280 | @3] 28 -




CAST ALLOY BOLT TYPE
ANCHOR SHACKLES

G-2140 S-2140

o Safe Working Load is shown on every shackle.
e Alloy bows, Alloy bolts.
e Quenched and Tempered.

Rkl it

Kev.isiull 1

September, 1982

~ E =

DIMENSIONS IN INCHES

Workin

Load® Weight
Limit Pounds
Toms ] [ ] [ | [ a " F] [ 4 [ 8 ] N [+] [ 4 L} Each
200 142 17 % 13% | 4% |10':] 18 6 1154 5'215" 1 2 6 21 129, 450
250 8Ala*n| s 12 2256} 20 (426 |5% ] 1 2 6%]24'] 35 600
300 8, |4%n | 6 12 |22 |6% 19| 5 |6 ] 7 1 2] 72| 25 |35 775
a0 |avnje'nle'al| 7 4] 26 frn]l22n]| 8 |64 ] 8 1 2] 9% | 26 [40'4] 1100
500 (207%|8% |6 | 72| 151 29 |[7hl25'W]7'2 6] 8 1'% | 2] 9| 28] a4 1550
1000 1229 16'% 8%} 17 ] 36 (82|31 ’sl8'n] 7 9 {19 ] 3| 12'4] 31| 53 1900

*Proof Load is 2.2 times the Working Load Limit.

tMaximum Proof Load is 1000 Tons.

G-209 & S-209 SCREW PIN

ANCHOR SHACKLES

G-213 & S-213 ROUND PIN
ANCHOR SHACKLES*

Minimum Ultimate Strength is 4 times the Working Load Limit. | G \ G D
AV
€ ¢ E
C
H
o (/] !
N 3 .
- 1 . ol
L“A'1 LAJ F J
‘ N ‘

—en

wLL TOLERANCE | WT.
Tons | S'ZE A ] c o € F ] " L M N P |PLUS OR MINUS| EACH
[ A LBS.
t+1/3 19 .38 25 88 19 69 .56 98 | 147 13 113 | --- 19 .06 .06 05
1/2 .25 .50 AN 1.13 25 .78 .69 128 | 188 | .16 1.44 | 134 .25 .08 .08 12
/4 31 53 .38 1.22 31 .84 .81 147 | 213 19 172 | 159 31 .06 06 18
1 .38 86 44| 144 38 |103 97 ] 1.78 | 253 | 22 | 208 ) 1.88 38| .13 .06 3
1172 44 72 50 1.69 44 | 116 | 106 | 203 | 291 .25 234 1213 .44 13 .06 49
2 .50 .81 .63 1.88 50 131|119 231} 3.28 N 2721 238 .50 13 .06 74
31/4 63 | 1.06 75 2.38 63 | 169 1 1.56 294 1 422 38 3.4t | 291 69 13 .06 144 @
% 4 3/4 75 11.25 88 | 2.81 75 1200 | 188 | 3.50] 500 44 403 | 3.44 .81 .25 .06 216
/ 6 1/2 88 | 144 { 100 33t 88 | 228 | 213 403 | 575 .50 463 ]384 97 25 .06 337
81/2 1100 | 169 | 113 | 3.75 |1.00 [269 | 238 | 460 ] 650 .56 5311453 | 100 25 .06 53
91/2 1113 [ 181 | 125 425 1113 | 291|263} 516} 7.3 .63 588|513 {125 25 06 7
12 125 1203 | 138 | 469 |1.25 |325 1300 575| 813 | .69 | 644 | 550 | 1.38 .25 .06 9.6
131/21138 [ 225 {1150 525|138 | 363 ] 3.31 638 | 9.03 75 7131613 |15 .25 13 | 126
17 150 | 238 § 163 | 575 )1.50 |388 {363 ] 688 9.88 a1 7.66 | 6.50 | 1.62 .25 A3 173
25 1.75 | 288 { 200 700 1175 | 500 { 4.31 8.50 {11.88 |[1.00 919 | 775 | 212 25 13 (278
35 200 1325|225 7.75 1200 |5.75 | 500| 9.75]13.38 ]1.13 |10.34 | 8.75 | 2.00 .25 A3 a1
t 55 250 {413 ] 27511050 |262 |725 | 600} 1250 ]17.75 138 |1297 ] --- 262 25 |85

t Furnished in Screw Pin Only

* Round Pin through 35 tons.

The Following Information Applies To All Shackies
RGED STEEL WITH ALLOY PINS — QUENCHED & G-209, S-209 Screw Pin Anchor Shackles meset or exceed

-MPER

ED

Proof Load 2.2 times working load limit.

Ultimate Strength 5 times working load hmit on 85 129 and
150 ton capacity

requirements of Federal Specification RR-C-271b, Type IV,
Class 1.

G-213. S-213 Round Pin Anchor Shackles meet or exceed

Ultimate Strength 6 times working load limit through 50 ton requirements of Federal Specification RR-C-271b, Type IV.

capacity.

Class 4.
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—p
. _ 7[
NO. 320 Q I
. EYE
HOIST c
HOOKS A " e’ |
(AVAILABLE THRROUGH : ) |
60 TONS) u Fl
[
1%
; i
—r
0

* Latch Kit ovelisbie for oft sizes.

319C. 320C - FORGED CARBON STEEL. QUENCHED & TEMPERED
J19A. 320A - FORGED ALLOY STEEL QUENCHED & TEMPERED
3198 3208 -FORGED BRONZE. HIGH STRENGTH

NO. 319 & NO. 320 HOOKS

ALLOY | snoszE A [ ] [ -] ] [ [ - ) [} 4  { L [ ]
75 1 L) 433 ] 147} 323] 288 1001 125 75 81 S0 94 56 | 500 25
1 15 8 494 ] 175] 367 319 106 | 138 Ba 9 56 | 102 62| 562 28
15 2 1 s55| 203! «09} 362] 112 vs0] 100] 116 62 | 102 75| 619 31
2 14 63| 241] 4a@@| 408|125 163] 112] v | 15} 122 84| 694 3s
3 @ 2 789 | 294 ST7T| 494} 15 | 200 144 162100 ] 15 112 8 47 44
s 3s |w000] 361 | 738 650|188 ]| 250| 18] 206} 125 | 188 | 138 ] 1031 | 56
78 1" 5 1244 ] 468 ] 906| 756} 225 | 300| 225] 262} 150} 228 | 162 | 1238 69
10 15 65 1394 s3|1008| 8@ | 250 ] 325| 259 | 294 | 162} 250 | 194 | 1350 | 78
15 22 w0 [1708] 6631252} 1100} 338 | 25| 300| 350|200 ) 347 | 238 '6<3 | 100
2 30 13 |1947] 700{ 1406|1362 | 400 | SO0| 368 462|238 | 400 | 300 ]| 1972 | 108
2 30 1362 | 400 | S00| 366 462 ] 238 300| 2309 | 109
1) 30 1362{ 400 | S00| 366 | 462 238 300 3109 | 100
> ¥ 2475 ) 850|831 ] 1406] 425 ] 538 | 456 ] 500|325 | 425 | 375] 3125 | 144
p 14 1408) ¢25 | 538 ] 458| 500 325 375)] 4025 | 144
0 a5 27| 925]| w25 | 154c | 475 | 600 506] 550|350 | 475 | 412 ] 3306 | 156
0 Pry 1544 )| 475 ] 600] 506] 550 | 350 412 ] 4206 | 156
40 60 3225 |wrs| 2381|1850 s7s] 7ro0] 600] 650 | 412 ] 575 | 462 ] 3600 | 175
20 60 18s0] 5751 700] 600] 650 | 412 4621 3950 | 175
P 60 1850|575 700 600] 650 | 412 462 | 4750 ] 175
0 78 08| 650] 7715 660 | 725 450 500 | 4106 | 194
50 78 } 2062]65(7715] 660 | 725 ]| 4% 500) 4906 | 194

100 23131 588 700] 863 ] 988 | 55 550 | 4212 | 300
. 100 2313|588 ] 700]| 863} 988 | 55 550 | 4812 | 300

180 24381 600) 700| 913fwes|e00 600 | 4583 | 3.28

200 2660 | 650 ] 75 | 1000 [118 | 700 700 | 5050 | 350

300 012|000 95 ]| 100¢ j1204]728 725 | 5400 | 428

TAR £ CONTINUED ON NBXT PAGE
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V. PARTS LIST

4
Part No. Rated Load Welight/PC
/ Tons
/
/ 467300 1 3 1bs.
1 467305 2 5 Ibs.
467310 4 8 Ibs.
467315 8 17 Ibs.
467320 16 39 Ibs.
SL LIFTING EYES
Part No. Rated Load Length (in.) Shaft Dia. Weight
Tons (in.) Per 100
467100 2% 13.25
467105 3% 18.6
467110 1 4% W' 19
467115 8 - 29
@ 467120 9% 38
T 467125 2y, 32
467130 2 3% %" 39
467135 5Y 515
467140 6 55
467145 6% 61
467150 11 96
467155 "33, 83
Pyl oY 467160 4y, 92
\ ), 467165 4 14 Y 120
467170 9y, 154
467172 14 212
467180 6% 280
467185 8 13% 14" 465
467190 26Y4 875
467200 10 807
467205 16 19% 12" 1306
467210 39% 2502
W Recess Plug | Recess Plug | Rated Plug Weight Per Piece
With Bolt/Nut Only Load Dla. (in.) [ Plug With | Plug Oniy
Boit/Nut
467325 467350 1 2% 350z 202 |
467330 467360 2 3 7.7 oz. 401z
467335 467370 4 KEA 12.5 0z. 8oz
467340 467380 8 4V, 1.31b. 11b.
487345 467390 16 6% 3.61b. 31b.
SL RECESS PLUGS

*Consult SUPERIOR CONCRETE ACCESSORIES, INC. for safe capacities and
concrete strength requirements.

I-12
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NG VALV 4o

AREA CODE 2314
644-1000

carboline . B——

PROTECTIVE COATINGS
FOR CORROSION RESISTANCE e WATERPROOFING & FIRE PROTECTION ¢ ROOFING

April 19, 1982

Mr. 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/Phenoline 302/Phenoline
300 Finish system. However, in our opinion, the Phenoline 300
Orange/Phenoline 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.
Vexy truly yours, 7

Andy rnard
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
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carboline

Phenoline 300 Orange/Phenoline 302/Phenoline 300 Finish

TEST DATA SUMMARY SHEET

CONCRETE SUBSTRATE

LOCA ORNL 340°F/70 psig/7-8 Days

NO DATA

LOCA ORNL 300°F/65 psig/l0 Days

PASS

RADIATION RESISTANCE 1 x logzkADS (AIR)

PASS

FLAME SPREAD (@ 32 mils DFT)

25

{
THERMAL CONDUCTIVITY [ —{BTU) (Mil)
[ _(HR) (FT.") (°F) ]

1,000 - 3,500

DECONTAMINATION FACTOR (OVERALL)

49

CHEMICAL RESISTANCE (Severe Exposure, ANSI N5.12)

58 Disodium Phosphate PASS
1.0 1b./gal. Trisodium Phosphate PASS
0.3M Potassium Permanganate FAIL
5% Ammonium Hydroxide PASS
;\ Sodium Borate PASS
0.5M Sodium Fluoride PASS
58 Sodium Hydroxide PASS
.03M Hydrogen Peroxide PASS
St Sulfuric Acid PASS
5% Hydrazine PASS
S8 Nitric Acid PASS
5% Citric Acid PASS
PHYSICAL PROPERTIES

Adhesion (ANSI N5.12) PASS (855 psi)

Abrasion (ANSI N5.12) PASS (84 mg.)
PASS

Impact (ANSI N5.12)

J-5



carboline

prod..c. vaia snivot

PHENOLINE, 300 ORANGE

350 HANLEY INDUSTRIAL COURT e ST. LOUIS, MO. 63144 e 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. Qutstanding resistance to severe chemicals (except
iminersion in strong oxidizing acids), alkalies, salts and sol-
ve' 5. 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 Immersion
Acids Very Good
Alkalies Excellent
Solvents Very Good
Salt Excellent
Water Excelient

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
Fioor Finish, Phenoline 302 or others,

COMPATIBILITY WITH OTHER COATINGS: Apply
directly to substrate. Use as a primer only.

Oct 80 Replaces Nov 76-N

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MA.
TERIAL:

By Volume
Phenotine 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)

4411 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:
2.5 Gal. Kit

53 Ibs. {24.1 kg)
9 1bs. in 1's (4 1 kg)
45 1bs. in 5's (20.4 kg)

Phenoline 300 Orange
Phenoline Thinner

FLASH POINT: (Pensky-Martens Closed Cup)

Phenoline 300 Orange Part A 77‘3F {25°C)
Phenoline 300 Part B 54°F (12°C)
Special Mica Filler Over 200°F (93°C)
Phenoline Thinne: 77°F (25°C)

To the best of our knowledge the technicai data contained herein are tiue and accutate & the date of issusnce and are subject 10 change
without pnor notice User must contact Carboline to vernty correctness before specitying or ordering. No gusrantee 0! accuracy 15 given or
implied. We guarantee our products to conform 10 Carboline quahity control We assume no responsibility tor coverage performance or injutes
resulting from use L abihty, «f any, s imited 10 replacement of products. Prices and cost data ! shown, are subject (o change without o
notice. NO OTHER WARRANTY OR GUARANTEE OF ANY KIND IS MADE BY THE SELLER EXPRESS OR IMPLIED STATUTORY,
BY OPERATION OR LAW, OR OTHE RWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR APARTICULAR PURPOSE

J-6
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APPLICATION INSTRUCTIONS

TREBE "I UGN 28 AT AENAET 10 FON PrOGUET rICOMMENd st oy 107 Wt ihic 10rvice TROY #1¢ Mouett g an g0 11 JRtErMInINg COME !
et WKE D BUABLON MiBAG INILUCHORT SR QUDILEHON PRKEOU W 11 1t BIUMEd 1A the [IBHE! HIGTULY FRCOMMENds!Ont Rove GEFn m ate
Thene 310Ut HONE WNOUID DR 101:0wed CIOMIY 10 ODLEN TRE Mas Mum 18fvi g 110M the maternpls

SURFACE PREPARATION: Remove any o o grese
trom surtace 10 be coated with clean 1ags soaked in Carbo
hne Thunnet =2 ot toluot

Sweel For smmersion service, dry abrasive blast 10 8 White
Metst tnsh i accordance with SSPC-SP 5 1o a degree of
cleanliness n accordance with NACE #1 woobtana 2103
mil {5075 mucrons) biast protile. Weld slag must be re-
moved and weids ground to 3 rounded contour.

For non.amimers:on service, dry abrasive blast to 8 Commer-
cet Finsh in accordance with SSPC.SP 6 10 a degrec of
cieanhiness wn accordance with NACE #3 toobtaina 2103
ma {50 75 mucrons) biast profile.

Concrete  Remove hins and other protrusions by stoning,
wnding or gninding. Concrete must be cured at least 28
ceys 3t 70°F (21°C) anc 50% R.H. or equivaient time. Re-
move form ouls incompat:ble curning agents and hardeners by
abw asrve blasting

IMME RSION SERVICE - abtwasive blast to open sll voids
and obian 3 surtace similar 10 medium grit sandpaper {(hon-
onta surtaces may be acid etched). Blow or vacuum off
ng and dust. Extremely rough concrete surfaces may re-
quire Carbohine 195 Surtacer peior 10 application of Pheno-
hae 300 Orange

NON IMMERSION SERVICE -~ Horizontal surfaces must
be acvd etched of abrasive biasted 10 remove iaitance. For
othes surtaces biow otf with compressed ai 10 remove dust.
MIXING: M:x separstely, then combine and mix in the fol-
lowang proportions:

2.5 Gal. Knt
Phenotine 300 Orange Part A Two-1 Ga: Cans
Phenoiuve 300 Part B 1 2 Gat
Specia: M«ca Fiiler (6172 1bs) 1 Gat

Thm up 10 30% by volume with Phenoline Thinner.

POT LIFE 1 hour at 75 F (24 Ci and less at higher tem
per stures. Pot Life ends when coating loses body and begins
10 390

APPLICATION TEMPERATURES:

Material Surfaces
Normai 6585 F (1829C) 65-85°F (1829°C)
Mnamgm 60°F {16 C} 50" {16 C)
Mas mum 85 F (29 C 100 F {38°C)

-

Ambient MHumidity
Normal 6585°F (18.29°C) 30 70%
Minimum §0°F (10°C) 13,1
Maximum 110°F (43°C) 85%

Do not apply when the surface temperature 1s less than 5°F
{2°C) above the dew point

Special thinning and applicstion techniques may be re-
quired above ot below normal condition.

SPRAY: Use adequate air volume for correct operstion
Hold gun 8-10 inches from the surface and a1 a right angle
to the surface.

Use a3 50% overlap with each pass of the gun. On irregular
surfaces, coat the edges first, making an extra pass later.

NOTE: The foliowing equipment has been found sutable,
however, equivalent equipment may be substituted.

Conventional: Use 1,2 mimimum | D. mateniat hose.

Mtr. & Gun Flud Tip Air Cap
Binks #18 or #62 67 67pP8
DeVilbiss P-MBC or JGA D 64

approx. .086" 1.D.
Airiess: Not recommended (abrades tip).

BRUSH: Use short bristied brush and work matenial into all
corners and crevices.

DRYING TIMES:

Between costs: Minimum Maximum*
60°F (16 C) 36 hours 14 days
15°F (24°C) 18 hours 7 rays
90 F (32°C) 12 hours 3 days

NOTE: Betore topcoating, scrub surface with bristie brushes
and ctean water_ Allow to dry thoroughly betore topcoating.

*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 Carboline Thinner =2 or xylol.

STORAGE CONDITIONS:
Temperature: 40100 F (4-43°C)
Humidsty: 0-100%

For more detailed information please consult specific Cor-
boline Apphcation Guides

CAUTION CONTAINS PLAMMADLE BOLVENTS. KEEP AWAY FAOM SPARKS AND OPEN FLAMES IN CONFINED AREAS WORKMEN MUST WEAR

FRESH AIRLINE AESPMATORS HYPERSENSITIVE PEASONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM ALL ELECTRIC EQUIPMENT

AND WESTALLATIONS SHMOULD BE MADE AND GROUNDED IN ACCORDANCE WiTh THE NATIONAL ELECTRICAL CODE IN AREAS WERE
HAZARDS

EXPLOSION
NONSPARKING SHOES

280 HANLEY INDUSTRIAL COURT

carboline

Je7

EXISY. WORKMEN SHOWLD BF REQUIRED TO USE NONFERAOUS TOOLS AND TO WEAR CONDUCTIVE AND

ST. LOUIS, MO. 63144 ® 314-644-1000



carboline

PHENOLINE, 302

350 HANLEY INDUSTRIAL COURT e 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.
Mas 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, safts 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 Immersion
Acids Very Good
Atkalies Excellent
Solvents Excelient
Salt Excellent
Water 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 Phenotine 300 Surfacer.

June 78 Replaces Apr. 77-N

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 phenotic 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 m2/2 @ 25 microns)

220 sq. ft. at 8 mils (4.3 m2/% @ 205 microns)

*NOTE: Material losses during mixing and application wili
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  181bs. (8.2 kg) 82 ibs. (37.2 kg)
Phenoline 302 Green 19 1bs. (8.6 kg) 90 Ibs. (40.9 kg}
Phenoline Thinner 9 ibs. (4.1 kg) 45 ibs. (20.4 kg}

FLASH POINT: (Pensky-Martens Closed Cup)

120°F (49°C)
53°F (12°0;
77°F (25°C)

Phenoline 302 Part A
Phenoline 302 Part b
Phenoline Thinner

Yo the best of our knowlsdge the technicet dats contained herein are true snd accuratre st the dete of issuance snd are subject (O change
without prior notice. User must contact Carboline to verity correciness before specitying or ordering. No gusrantes Of accurscy s given Of
implied. We guarantee our products to conform to Carboline Quatity control, Wae sssume no responsibility 10r cover age, periormance Or Mmuries
resulting trom use Lisbriity, 1f sny, is Limited 10 replecement of products Prices and cost data 1f Shown, 8r® subject 10 change without pnor
notice. NO OTHER WARRANTY OR GUARANTEE OF ANY KIND 1S MADE BY THE SELLER_ EXPRESS OFR IMPLIED, STATUTORY,
BY OPERATION OFK AW, OR OTHERWISE, INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE

J-8
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APPLICATION INSTRUCTIONS

THOW M uCOns 448 AL 1AISNBND 10 SROW BrOGULT SECOMMINGSIIONS 101 SPOLITIE S0rvics. TREY 870 1SU0E B8 8N Mrd A GRLEIMINING COTrECt
W EACE HIPBM AN, Arnivg INLLINCLIONS, 40 ABEHEALOR SrOLolue 1L 3 MIWMES thal the S1008 PrOAUCt 10COMMENG S11ONS Nave DIEN MADE,

Yo AUl v N WNOUIY B0
SURFACE PREPARATIONS: Remove any il or grease

from uutace 10 be coated with cleen tags sosked 1n Carbo
e Thinner 2 or Toluol

Sl Apply to clesn, dry recommended primer.

Concreme: Apply over clesn, dry properly primed or sur-
facad concrete.

MIXING: Mix separately, then combine snd mix in the
follownng proportions:

1Gal. Xnt 5-Gal. Kit
Phencliine 302 Part A 1-Gal. Can 15 Gal. Can
Phenoling 302 Part B8 1-Ot. Can 1.5 0¢. Can

Thun up 1o 25% by Volume with Phenoline Thinner.

POT LIFE: 1 howr at 75°F (24°C) and less at higher
temperstures. Pot Life ends when costing loses body and
begens 10 3ag.

APPLICATION TEMPERATURES:

Materisl Surfeces
Normal 60-85°F (1629°C)  60-85°F (16-29°C)
Miremum 55°F (13°C) 50°F (10°C)
Maximum 80°F (32°C) 120°F (49°C)

Ambrem Humidity
Normal 60-85°F (16-29°C) 3070%
Mimmum S0°F (10°C) 0%
Maxmmum 120°F (48°C) 85%

Soscial $wwung and spplication techniques may be re-
quireC above ov betow normal condition.

Oo not apply when the surface tempersture will be less
than §°F (2°C) sbove dew point.

SPRAY: Use sdequate air volume for correct operation.
Hold gun 8 10 inches from the surface and at a right angle
10 the surfsce.

Use a2 50% overiap with esch pass of the gun. On irreguisr
surfaces, cost the edges first, making an extra pass later.

CAUTION. CONTAING

Sy 10 EBLAN TR MENIMUM 10t viCe L1OM the MEletialy,

NOTE: The following equipment has been found suitable,
however, equivaient equipment may be substituted.

Conventionsl: Use %" 1.D. Mat'l. Hose.

Mfr. & Gun Fluld Tip Air Csp

Binks #18 or #62 67 é7rs

DeVilbiss P-MBC or JGA 4] 64
Approx. Approx. 11
088" 1.D. cfm @ 30 psi

Airless: Not recommended. {Abrades tips)

BRUSH OR ROLLER: Brush out well, using full strokes.
Avoid rebrushing.

DRYING TIMES:

Minimum Yemp. = Meximum Dry®
Batween costs: 72 hrs. @50 F (10°C) 4 days

36 vs. ®60°F (36°C) 3 days

18tws. @ 75°F (24°C) 2 days

12 hs. @90°F (32°C) Y day
Final cure- 28 dsys @ 50°F {10°C)

14 days @ 60°F (36°C)

7 days @ 76°F (24°C)

§ days @ 80°F (32°C)
Force curing is suggested for all tank linings.

“H this time is excesded, special surface preparation will be
necessary for recosting.

CLEAN UP: Use Carboline Thinner #2 or Xylol
STORAGE CONDITIONS:

Temperature: 45-110°F (743°C) Humidity: 0-100%
NOTE: Excessive film thickness or poor ventilating con-
ditions require longer dry times and in extreme cases may
csuse premature failure. Excessive humidity or condens.
ation on the surface during curing may result in a surface
haze or blush; any haze or blush should be removed by
water washing before recosting.

For more detsiled information please consult specific
Carboline Application Guides.

SOLVENTS. KEEP AWAY FROM SPARKS AND OPEN FLAMES N CONFINED AREAS WORKMEN MUST WEAR

COMBUSTIOLE
PRESH AMLIE RESPIRATORS HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM ALL ELECTRIC EQUIPMENT
- AND INSTALLATIONS SHOULD B85 MADE AND GAOUNDED W ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE IN AREAS WHERE
EXPLOGION HAZARDS EXIST WORKMEN SHOULD BE REQUINED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND

NONSPARKING SHOES

ST. LOUIS, MO. 83144 * 314-644-100

»

carbollno_
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oarboline Carboline 195 Surfacer/Carboline 191 HB

TEST DATA SUMMARY SHEET

CONCRETE SUBSTRATE

LOCA ORNL 340‘?/70 psig/7-8 Days PASS
LOCA ORNL 300°F/65 psig/l0 Days PASS
RADIATION RESISTANCE 1 x 107 RADS (AIR) PASS

FLAME SPREAD (€ 24 mils DFT) 40 (E)*

1 . ]
THERMAL CONDUCTIVITY [ —BTU) (Mil) _

[_(HR) (FT.") (°F) ]

1,000 - 3,500

DECONTAMINATION FACTOR (OVERALL) 20

CHEMICAL RESISTANCE (Severe Exposure, ANSI N5.12)

5% Disodium Phoséhate PASS
1.0 1lb./gal. Trisodium Phosphate PASS
0.3M Potassium Permanganate FAIL
5% Ammonium Hydroxide PASS
5% SodiumvBorate PASS
O.SM Sodium Fluoride PASS
5% Sodium Hydroxide PASS
.03M Hydrogen Peroxide PASS
58 Sulfuric Acid PASS
5% ﬁydrazino 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-10
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product data sheet
CARBOLINE 195 SURFACER

350 HANLEY INDUSTRIAL COURT  ST. LOUIS, MO. 63144 » 314-644-1000

: SELECTION DATA

GENERIC TYPE: Modified epoxy-polyamide. Parts A and
8 muxed prior 10 sppication

GENERAL PROPERTIES: High build epoxy coating for
sealing and surtacing irreguiar cementitious surfaces. Partic-
ularly recommended for nuciear plants where concrete sur-
faces must be prepared for ease of decontamination.

RECOMMENDED USES: As a primer-surfacer on concrete
under Carboline 191 HB, Phenoline® 305 Finish or other
Carboline 10pcoats as recommended -

NOT RECOMMENDED FOR: Immersion service without
recommended 10pC0oats

CHEMICAL RESISTANCE GUIDE: (Consult topcoat for
Chemacal Resistance Guide)

Splash and
Exposure Spillage
Acwds Very Good
Alkaies E xcellent
Soivents E xcelient
Sah E xcellent
Water Excellent

TEMPERATURE RESISTANCE : (non-immersion)
Contnuous 200°F (93”9
Noncontinuous  300°F (149°C)

FLEXIBILITY: Very Good
WEATHERING: Good (chalks, discolors)
ABRASION RESISTANCE : Very Good

SUBSTRATES: Concrete, or other surfaces as recom
mericied

TOPCOAT REQUIRED: May be topcoated with catalyzed
eoxwes, modified phenolics, modified polyurethanes or
others as recommended. Carboline 191 HB or Phenoline
305 Finsh s normally used for nuclear application. Other
acceptable topcoats are Carboline 193 Finsh, Carboline
190 HB, Phenoline 300 Finish or Phenoline 302

Aug BO Replaces July 79

COMPATIBILITY WITH OTHER COATINGS: Should be
applied directly to concrete substrate or over Carboline
1340 clear if a curing compound is desired.

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MA.
TERIAL:
By Volume

97+ 2%

Carboline 195 Surfacer
RECOMMENDED DRY FILM THICKNESS PER COAT:
10-60 mils as required. Typical average is 20 mils (500
microns)

THEORETICAL COVERAGE PER GALLON:*

1556 mil sq f1. (38.8 sq m/1 @ 25 microns)

78 sq. ft. at 20 mils (1.9 sq. m/! @ 500 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: Off-white

GLOSS: Low

ORDERING INFORMATION

Prices may be obtained from Carboline Sales Representative
or Main Office. Terms — Net 30 days.

SHIPPING WEIGHT:

2 Gol. K 10 Gal Knt
Cardoline 195 Surfacer 30 Ibs (13.6 kg) 140 ibs. (63.6 kg)
Carboline Thinner «2 9ibs in 1% 43 Ibs. in 5
(4.1 kg) (19.5 kg)

FLASH POINT: (Pensky -Martens Closed Cup)

Carboline 195 Surfacer Part A 130°F (54°C)
Carboline 195 Surfacer Part B 198°F (82°C)
Carboline Thinner #2 30°F (-1°C)

To the bes: 0f Gu' S Dwisdge the technce dete contaned heren e 1rue and scurate 81 Yhe dste O BUENCe BN e DIECY 10 Change
: v . ¢

WG T B BETEE U must coNtat Corboine 10 venty COFMCINEI DETOE DS Tying OF 01 0RrNg NO QUATENIEr O BCuIBCY B Prven Of

IRGiad e Gu e Entee Ouwl PIOSUCS 16 contorm 10 Carbolne qusliity cONTrol WE SIuUMe N0 1ESEONEDIiIty 101 COvErage DErIOTMance O W us s

Wi tong Tro% uee Lty f oy,

s Lmcind 10 replacemen) 0f Products Praes 00 COM dBa ! PROWN e WBeC! 10 Change without pror

ARBANTY OR GUARANTEL OF ANY KIND 1S MADE BY THE SELLER EXPRESS OR IMPLIED STATUTOAY
;",'“‘o'"';"‘?;',;:";."‘ AW OR OTHEAWISE INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE

J=11
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APPLICATION INSTRUCTIONS

N .
Theke instructions sre not intended 10 Show product recommaend 81i0ns 101 specific senice They are issued ps an aid n determening correcs
surface prepAration, mong (Rstrucrons, snd apphcATON proceduie 11t msumed thm the proper product recommendations hdve been made
These ifs1ructions shoultt be followed closely 10 obtain the mximum service 1rom the mater als

*Comprehensive Application Instructions are available.
‘Consult Carboline Technical Service Department for a copy.

SURFACE PREPARATYION: Remove any oil or grease
from surface to be coated with clean rags soaked in Carbo-
line Thinner #2 or toluol.

Concréte: Concrete floors should be at least as rough as
medium grit sandpaper. The surface should be ¥ree of lait-
ance. This can be accomplished by finishing technique, acid
etch or mrechanical abrasion. Concrete walls normally re-
quire only vacuuming or air blow-off. Do not coat concrete
treated with hardening sofutions {(except for Carboline 1340
Clear) unless test patch indicates satisfactory adhesion. Do
not apply coating t'nless concrete has cured at Teast 28 days
® 70°F {21°C) and 50% RH or equivalent.

MIXING: Mix separately, then combine and mix in the fol-
lowing proportuons:

2 Gal. Kit 10 Gal. Kit
Carboline 195 Surldcer Part A ) Gation 5 Gallons
Carbohine 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 to use.

APPLICATION TEMPERATURES:

Material Surfaces
Normal B0-75°F (18-24°C) 60-75°F (16-24°C)
Minimum 557F {13°C) 50°F (10°C)
Maximum 90°F (32°C) 90°F (32°C)

Ambient Humidity
Normal 60.75°F (16-24°C) 30-70%
Minimum 45°F (7°C) 0%
Maximum 95°F (35°C) 859,

ch not apply when the surtace 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: Hold 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 found suitable
However, equivalent equipment may Be substituted.

Conventional: Not recommended.

Airless: Use 3 1/2" minimum 1.D. materia} hose.

Mfr. & Gun Pump*

Use either model below Huskfe (DeVithits)
Graco 207-300 Bulidog 30:1
Binks Model 520 Jupiter 8D

*Teflon packings are recommended and available from
pump manufacturer. Use 3 .031” to .035" tip with 2200
2400 psi. A reversible tip is recommended.

BRUSH OR ROLLER: Thin up to 25% by volume per gat-
10n with Carboline #2. Brush only for touch-up. ROLLER:
Useful where spraying is impracticdl. Immediately atwe
rolling, squeegee surtacer into all holes. Apply second coat
at full thickness.

DRYING TIMES:

To Recoat: May be recoated with itself as soon as firm
generally allowed to cure ovemight.

To Topcost:

Ternperature At 20 Mits*
50°F (10°C) 12 Days
60°F (16°C) 6 Days
7s:F (24°C) 3 Days
90°F (32°C) 1 Day

"Carboline 195 Surfacer which has been applied at thick
nesses greater than 20 mils will require longer cure Yimes,
especially if applied thinned.

Note: If exposed to suniight in excess of two weeks, surface
contamination must be removed by wiping with Carboline
Surface Preparation #1 before recoating.

CLEANUP: Use Carboline Thinner #2 or xylol.
STORAGE CONDITIONS:

Temperature: 40-100°F (4-38°C)
Humidity: 0-95%

For rmore detailed infotmation, please ton3ult specific
Carbotine 195 Surfacer Application Instructions.

CAUTION: CONTAINS COMBUSTIBLE SOLVENTS. KEEP AWAY FROM SPARKS AND OPEN FLAMES. IN CONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS, HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM ALL ELECTRIC EQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE IN AREAS WHERE
EXPLOSION HAZARDS EXIST, WORKMEN SHOULD BE REQUIRED TO USE NONFEHROUS TOOLS AND TO WEAR CONDUCTIVE AND

NONSPARKING SHOES

350 HANLEY INDUSTRIAL COURT

carboline

ST. LOWIS, MO. 83144 & 314-544-1000



|carboline

product data sheet

CARBOLINE 191 HB

350 HANLEY INDUSTRIAL COURT o ST, LOUIS. MO. 63144 ® 314-844-1000

SELECTION DATA

GRENERIC TYPE: Epoxy-polyamide Part A and Part B
mund prior 1o apphication.

GENERAL PROPERTIES: A high performance epoxy-
polyarmide topcoat for use Over sutably primed stee! and
sealed Or surtaced concrete. Meets the stringent perfor-
mance requirements of the Amercan Nauonal Standards
mattute. ANSI N101.2-1972 anc ANS! N5 12-1974. Has
periormed astufactordy n radiation resstance and
decontaminabon tesyng at Osk Ridge National Labors-
torms. Has been successtully evalusted under typical
Loss of Coolant Accident (LOCA) exposure criteria specs
hed Dy the nuciear industry.

AECOMMENDED USES: Cardouine 191 HB 5 an excelient
topeoat for the protection of steel and concrete surfaces
n nuciear power plants Sudabie for use in areas which
are exposed 10 ChemiCals. steam and abras:on inherent in
8 nuciesr genersting faciity. Carbohine 191 HB may be
used where resstiance 10 nuciesr raciation and decon-
tammnation procedures are s requrement When apphed
Over an approprate primer, Carboline 191 HE' & an excel-
lent tank hining for potabie water, meeting FDA formula-
uon requeements and FDA EPA extraction critena

NOT RECOMMENED FOR: Immersion n waler Over
140 F (60 C). strong acis. Or solvents

CHEMICAL RESISTANCE GUIDE

Splash and
Exposnre immersion Spiliage
Aods NR Good-Excaltent
Aabes Excellentic 50+ (66°C) € xceflent
Soivents NR Fan-Good
Sa Excetient to 150 F (66°C) Excetlent
Wate Excefient 10 140°F (60 C) Excedent
Sug Solutions Excetient t0 150 F (66 C) € xcellent
TEMPERATURE RESISTANCE: (non-immersion)
Continuous 200°F (83 C)
Non- contnuous 250°F (12vC)

FLEXIBILITY: Good WEATHERING: Very good (chalks)
ABRASION RESISTANCE: Very good

SUBSTRATES: Apply over surably prepared metal or
comentitious surlaces

TOPCOAT REQUIRED. Normatly none

June 80 Repiaces Apri 80

COMPATIBILITY WITH OTHER COATINGS: May be
applied over INOIganIc 1INCs, catalyzed epoxies, modifiad
phenolics ©or others as recommended Acceptable
prnimers are Carbo 2inc® 11, Carbo 2inc 12. Carboline 191
Pnmer, Carboline 195 Surfacer, Carboline 295 WB Sur-
facer. Phenoline® 307 or others. A mist coat may dbe re
Quired when tOPCOAUNG 1NOrQaNIC 2INC Primers

SPECIFICATION DATA

THEORETICAL SOLIDS CONTENT OF MIXED MA-
TERIAL:

8y Volume
Carboline 191 HB 50% = 2%

RECOMMENDED DRY FILM THICKNESS PER COAT:
4-6 muls (100- 150 microns)

THEORETICAL COVERAGE PER MIXED GALLON:"

946 mul sq ft (236 sq m'1 @« 25 mucrons)

189 8q 1t at 5 muis (4.7 sq. /1« 125 microns)

"NOTE: Material losses durnng muxing and apphcation
will vary and must be taken into considerahon when
estimatng job requirements.

SHELF LIFE: 24 months mimimum

GLOSS: Low

COLORS: Standard colors are Wnite C800 and Gray
C703. Other colors are special order and not returnable

ORDERING INFORMATION

Prices may be obtlained from Carboline Sales Represen-
tative or Ma:n Otice Terms — Net 30 days

SHIPPINGWEIGHT: s . &y
Carboime 191 HB 27ips (123kg )  1331bs (60.4kg)
Carboine Thinner # 15 9ips m1s 451bs m §'s
41K} (204 k)
Cardotmne Thinner #2 9ibs m1s 4516s n §'s
(41kg) {204 kg )

FLASH POINT: (Pensky-Martens Closed Cup)
Carboline 191 HB - Part A 68 F (200C)

Carboline 191 HB Part B AYF (6 C)
Carboline Thinner # 15 ITF (25 C)
Carboline Thinner ¢ 2 F (- 10

Yo he bEtt Of Ou’ SAGRIENgE NG 1CRAL P A81a (BN REEn 80 11ue 810 St a0t 81 the dBe OF suance a0 subyer ) 1O Chenge
G |0 AOISE U Mutt (0Nt Catohne 10 vanly CONECINGS heldre wer tying 0/ ordenng NO gusantes Of BCuIaCY 8 QrVEN O
Wil e Qo o 10 Gut BrOJUE IS 19 CONIOn 10 CHrbonne qust ty cONtID! WO g me nO 198p0NS 1 hity 107 COve'oge POMOIMPnce OF 1Njuties

Wity POt Wi L ity o gy, B Himated 0 appt
nprter WO

xompnt @f podutts P

NG COM 8ta ) SROWNA e SUL Kt 10 CRONGE W thOut DNO?

OITNER WARRANTY OR GUARANTLE OF ANY RIND 15 MA BY THL SELLER [XPRESS OR IMPLIED STATUTORY

BY OPCHATION O L AW OR OTHEAWISE INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE

J-13

.



APPLICATION INSTRUCTIONS

These instructions are nol ntended to show product recommendstions for specific service. They are 1ssued as an aid in determining correcy
surface preparanion, mixing instructions, and applicanon procedure it s assumed that the proper product recommendations have been made
These instructions should be followed closely 10 obtain the maximum service trom the materals.

SURFACE PREPARATION: Remove any oil or grease
from surtace to be coated 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
toliowing proportions:

2 Gal. Kit 10 Gel Kit
Carboline 191 HB - PartA 1 Gal. 5 Gals.
Carboline 191 HB- PartB 1 Gat. 5 Gels.

Thin up to 25% by volume with Carboline Thinner #15.
For temperatures below 65'F (18'C) use Carboline
Thinner #2.

POT LIFE: Four hours at 75°F (24°C) and less at higher
temperatures.

APPLICATION TEMPERATURES:

“Material Surfaces
Normal 60-95 F (16-35 C) 60-95F (16-35°C)
Minimum 40F (4°C) 40'F (4°C)
Maximum 90 F (32 C) 110F (43 C)
_ Ambient Humidity
Normal 60-95F (16-35'C) 35-65%
Minimum 40°F (4#C) 0%
Maximum 110°F (43°C) 95%

Do not apply when the surface temperature is less than
5F (ZC) above the dew point.

Specia!l thinning and application techniques may be
required above or below normal condition.

SPRAY: Use adequate air volume for 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
surtaces, coat the edges first, making an extra pass later.

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 Fluid Tip Air Cap
Binks # 18 or # 62 66 66 PB
DeVilbiss P-MBC or JGA E 704
Approx. .070" 1.0 Approx. 9-10 ctm
(30 pst

Airiess: Use a 3/8"° minimum LD. matenal hose A 30
mesh inline filter is recommended.

Mtr. and Gun Pump”

DeVilbiss JGB-507 QFA-514

Graco 205-591 President 30:1 or Buildog 301
Binks Model 500 Mercury 5C

"Tetlon packings are recommended and available from
the manufacturer.

Use a .021 - .025" tip with 2400 psi.

Brush: For touch-up only.

DRYING TIMES: For
Dry to Between Immersion

Temperature Handle _Coats _ Service
40°F (4°C) 2 days 3 days *
60°F (16°C) 16 hours 24 hours 14 days
75°F (24°C) 8 hours 12 hours 7 days
90°F (32°C) 4 hours 6 hours 3 days
110°F (43°C) 2 hours 3 hours 1 day

Force curing is suggested for all tank linings.

*Final cure below 6(0PF (16°C) is not recommended for
tank Lining service.

CLEAN UP: Use Carboline Thinner # 2 or ketone soivent.

STORAGE CONDITIONS:
Temperature 40-110°F (4-43°C)
Humidity: 0-100%

For more detailed information please consult specific
Carbohne Apphcation Guides.

CAUTION: CONTAINS FLAMMABLE SOLVENTS. KEEP AWAY FROM SPARKS AND OPEN FLAMES. IN CONFINED AREAS WORKMEN MUST WEAR
FRESH AIRLINE RESPIRATORS. HYPERSENSITIVE PERSONS SHOULD WEAR GLOVES OR USE PROTECTIVE CREAM. ALL ELECTRIC EQUIPMENT
AND INSTALLATIONS SHOULD BE MADE AND GROUNDED IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE IN AREAS WHERE
EXPLOSION HAZARDS EXIST, WORKMEN SHOULD BE REQUIRED TO USE NONFERROUS TOOLS AND TO WEAR CONDUCTIVE AND

NONSPARKING SHOES.

350 HANLEY i\NDUSTRIAL COURT

carboline
J-14
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Analytical Chemistry Division
Oak Ridge National Laboratory
Date: _December 17, 1976

Report of Irradiation, Decontamination, and DBA Testing
Carboline, St. Louis, Missouri

The lrradiation, Decontamination, and Design Basis Accident (DBA) tests
are conducted, respectively, in accordance with Bechtel Corporation Standard
Specification Coatings for Nuclear Power Plants, Spec. MNos. 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 Contaimment Facilities, and N 5.12-1974, Protective
Coatings (Paints) for the Nuclear Industry. The DBA test spray solution and
the test conditions are 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, delamination, 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 93% enriched U?’* as U,04 combined with aluminum. The spent fuel as-
semblies are removed after each 23-meqgawatt 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 gamma activity affords shorter irradiation time to achieve ac-
cumylated doses. The dose rate four days after removal of a fuel assembly from
the reactor is | 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
fnlet ifs located at the bottom of the pipe. The test specimens are connected

%.

J=1% .
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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 is 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,




Manufacturer: Carboline Analytical Chemistry Division
Oak Ridge National Laboratory

. .

Table 1. DBA Solution Composition, Distilled Water.

0.28 M boric acid (3,000 ppm boron)
0.064 M sodium thiosul fate
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.

15 minutes 220-250 30

4 days 250 30

20 seconds 180 -15 Fresh spray solution

added at 75°F after
draining autoclave.

15 minutes 180-200 10
3 days 200 10 )
End of test

Evaluated_ws..
Approved /ZL_'J7 ) - ‘3{Zﬁhi N
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Manufacturer: Carboline Analytical Chemistry Division
- Oak Ridge National Laboratory
St. Louis, MO Date: December 17, 1976

System Identification: Steel X Concrete Block

CBCS-13
195/191H8

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.
*71 spray Coatings intact; one small crack, bottom side.
72 spray Coatings intact; no defects.
73 spray Coatings intact; no defects
74 spray Coatings intact; no defects. o
75 spray Coatings intact; one crack at bottom edge of top
side.
*Irradiated. **(SA) = sand blast; (SH) =shot tlast; (GR) =grit Lics..

-

. o
Evaluated Q M@Q Approved K/J7t [mﬁ‘;'.,A.:»—
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Manufacturer: Carboline Analytical Chemistry Division
Oak Ridge National Laboratory

St. Louis, MO Date: _ December 17, 1976

System ldentification: Stee) X Concrete Block

- CBCS-10
1957305

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-
Sample No. DBA Phase Comments**
_"82 _ _spray  Coatings intact: no defects,

*83 _Spray anting;_intg;;; no defects,

84 spray Coatings intact: no defects,

8 _  spray  Coatings intact: no defects,

8 __ spray _ (Coatings intact; cracked at bottom edge of hottom
side.
8 _  spray  Coatings intact; cracked at right edge of top side.

*Irradiated. **(SA) s sand blast; (SH) = shot blast; (GR) =grit blast.

Evaluted__%@&um
QU
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Manufacturer: Carboline Analytical Chemistry Division
- Oak Ridge National Laboratory
St. Louis, MO Date: December 17, 1976

System Identification: Steel X Concrete Block

CBCS-12
Phenoline 2303-15

DBA Test Results:

ORNL Master Analytical Manual Method No. 2 0922;
Beckhtel 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.
57 spray Coating intact; no defects.
*Irradiated. **(SA) =sand blast; (SH) = shot blast; (GR) =grit t ..l

\\ Y 5 //;//T
Evaluated_Mfa,wcS Approved 'A, /. /¢>,. AP
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Report of DBA Testing of Coating Systeas
from Carboline, St. Louis, Missouri

Systems of both coated steel panels and concrete blocks were
submitted for Design Basis Accident (DBA) 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, Westinghouse, 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

Evaluated

Apprbved
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Table 1.

-

Carboline Systems Submitted for Testing;

Steel Panels

System System Total Film
Designation Description Thickness, mils
1A Carbo zinc 11 3.5
181 " 3.4
2A Cz 11/C-191HB 12.3
2B " 13.7
3A CZ 11/C-290WB 9.4
3B " 6.8
SA CZ 11/2 coats C-X2191-154 8.2
SB " 6.5
6A CZ 12/C-191HB 8.9
6B " 10.1
7A CZ 12/C-290WB ‘ 8.7
7B " 9.9
8A CZ 12/2 coats C-X2191-154 8.9
8B " " 8.3
9A Carbo Weld 11/C-X2191-154HB 5.5
9B " " 4.9
10A CW 11/Phenoline 305 finish 4.6
10B " " 5.0
11A C-X3904-72 3.2
11B " 3.4
12A CZ 11/C-X3910-17 3.5
12B " 3.4
13A CZ 11/Phenoline 368 WG 12.2
13B " t 11.8
14A C-193 Primer/C-191HB 10.3
14B " " 9.7

Analytical Chemistry Division
Oak Ridge National Laboratory
December 5, 1975

Evaluated

: 2:: 2? f/
Approved ’
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Table 1. Cont'd

Steel Panels

Designation Description Thickness , mils
15A C-193 Primer/C-190HB 6.7
158 " 7.0
16A C-X2191-149/C-290WB 7.0
168 " 7.4
17A P-368FD/Phenoline 368 finish 6.5
178 " 7.8
18A P-368FD/Phenoline 3568 WG finish 8.8
188 " 9.8

* A samples - spray phase-DBA.
* B samples - lmmersed phase-DBA.

(l}Coating beginning to deteriorate.

Analytical Chemistry Division
Oak Ridge National Laboratory

December S<?Q97
}

Evaluated

approved / 7 . /s L-
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System

Designation'

20A
208
21A
21B
22A
22B
23A
23B
24A
248
25A
25B
26A
26B
27A
278
28A
28B
29A

298 (1)
SOA(Z)
305(2)
31A
31B

Table 2,
Carboline Systems Submitted for Testiqgi

Concrete Blocks

System

Descrigtion

Phenoline 306TG

P-306TG/C-191HB

C-195 Surfacer/C-191HB

"

C-295WB Surfacer/C-191HB

C-295WB Surfacer/C-290WB

C-295WB Surfacer/C-X2191-154

C-191HB/C~191HB

C-290WB/C-290WB

Phenoline 305 Concrete Primer/C-191HB

Phenoline 300 Orange/P-302/P-300 finish
on one side only

P-300 Surfacer/P-300 finish

C-295WB Surfacer/P-305 finish

*A samples - spray phase DBA
*B samples - Immersed phase DBA

(1)

A few cracks noted on all surfaces,

Film

Thickness, mils

1/16 in.

"

1/16 in./4

25-40/4

25-30/4

1"

25-30/4

25-30/2

5/S

5/5

8/8/8

"

25-40/8

"

25-30/4

1"

(Z)Cracks at bottom of block; apparently due to mode of coating application.
No other defects.

J-24
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Table 3.

DBA Solution Composition; Distilled Water

0.28 M Boric Acid (3,00 ppa Boron)
0.064 M Sodium Thiosulfate
Adjusted to pH 9.5 with Sodium Hydroxide

Table 4.
DBA Test Conditions

Time Temperature (°F) Pressure (psig)
Start 90 .-

0-2 minutes* 220 20

2-30 minutes 220-300 65

30-70 minutes 300-250 35

4 days 250 . 35

90 minutes 250-100 10

End of first part of

Test

10 days 200 --

End of test

*Added spray solution at 300°F and began dynamic spray cycle.

Analytical Chemistry Division
Oak Ridge National Laboratory
December 5 /197

Evaluated

Approved
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PROTECTIVE COATINGS
FOR CORROSION RESISTANCE ¢ WATERPROOFING @ FIRE PROTECTION ® ROOFING

i

March 16, 1982

Mr. Dick Haelsig
Nuclear Packaging Inc.
815 S. 28th Street
Tacoma, WA 98409

Subject: Nuclear Waste Packaging

Dear Dick:

Here are the ORNL test results which you requested. 1In Table 7.1
you see that there is no effect on the coating at 1 x 10!° RADS.
Since the HIC application is over steel, and the exposure will be
in air, the 1 x 101° RAD figure is the one to use.

I hope this helps to answer your questions. If you need anything
further, please call.

Very truly yours,

ndre® K. Bernard
Power Industry Specialist

nlf/1/630/
Haelsig/031582

Enclosure

cc: Mr. Dave Muth/Mr. Bill Eggers/Mr. Dan McBride/Mr. Michael Salater/
Mr. Tim Dolan

J=26
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Revision 1
September, 1982
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Radiation Resistance of Protective Coatings (Paints)a

G. A. West

Tests to evaluate some protective coatings (paints) for use in reactor
containmert 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
volatilization of irradiated U02 in a 1,350-ft3 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 60Co gamma radiation at an

intensity of 1 x 106 rads/h at 40-50°C in air and in demineralized
water. Several manufacturers submitted special formulations of their
coatings in an attempt to discover a coating with unusual or outstanding

resistance to gamma radiation in the presence of deionized water.

Three such coatings surpassed the previous high (5 x 109 rads )
resistance in demineralized water: (a) Carboline Co's. System K, a
modified phenolic (Phenoline 368) containing embedded qlass cloth, amd
Phenoline 368 seal coat failed at 8.3 x 10° rads by blistering and loss
of adhesion; (b) Varni-Lite Corp's. No. S-0900 epoxy system failed at
8.0 x TO9 rads by blistering; and (c) Amercoat No. 1762 with No. 66 epoxy
seal coat failed at 7.9 «x 109 rads by chalking (Table J-1). There is
evidence of greater radiation tolerance in air since 19 of 79 coatings

appear serviceable after an exposure of 1010 rads.

a. Excerpted from ORNL-3916, Unit Operations Quarterly Progress Report,
Ju1y September 1965, Contract No. W-/7405-ang-26, March 1866,
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TABLE J-1, RADIATION RESISTANCE RATING OF SEVERAL PROTECTIVE COATINGS (Radiation source: 60Co at'1 x
106 rads/n Temperature: 4u to 50°C mManufacturers are listed alpnabeticaliy, witn the coatings
listed in decreasing order of resistance to radiation)

Exposure uynaer .
Demineralized Exposure
Water in Air
Manuf acturer Coating Substrate (rads) Effect _ (raos) Effect

varboline Company Modified phenolic, System K  conc. 5.8 x 109 c,0 1 x 10%8
(Phenoline 368) steel 8.3 x 109 c,D 1x10
Modified phenolic, System C conc. 3.6 x 109 ¢,0 8.3 x 109 &,C
Modified phenolic, System H conc. 2.6 x 109 c 1 x 10l
(Phenoline 368) steel 6.3 x 109 c 1 x Wiy
Modifiea phenolic, System 6  conc. 4.7 x 109 c 1 x 10U
(Phenoline 368) steel 4.7 x 109 c 1 x 1010
Modified phenolic, System I  conc. 4.7 x 109 ¢ 1 x Y
(Phenoline 368) steel 3.6 x 109 c 1 x 110
Modified phenolic, System F  conc. NO test 7.8 x 109 L
(Phenoline 368) steel 3.6 x 109 c 6.5 x 109 c
Modified phenolic, System J conc. 2.1 x 109 A 4,7 x 109 8,C
(Phenoline 368) steel 2.1 x 109 A 1 x 1ol
Modified phenolic, System A  conc. 4.3 x 109 AC 3.2 x 109 c
(Phenoline 368) steel 4.7 x 109 c 7.1 x 109 8,C
Modified phenolic, System 8  conc. 2.6 x 109 c 5.6 x 10Y B,C
(Phenoline 368) steel 3.6 x 109 c 7.1 x 109 c
Modified phenolic, System U  conc. 2.1 x 109 AE 6.0 x 109 c
Modified phenolic, System E  conc. 2.1 x 109 A 6.0 x 109 ¢
(Phenoline 368) steel 2.1 x 109 A 6.8 x 109 6




Studies of Contamination due to a Simulated Reactor Excursion

Protective-coating specimens and controls were exposed to an
atmosphere contaminated with radicactive fission products from the
plasma-jet volatilization of natural UOZ that had been irradiated at an
average neutron flux of 4.5 x 10,0. This resulted in about 0.6 Ci 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 Phenolics

Phenoline 300, Carboline Company
Phenoline 305, Carboline Company
No. 7122, 7133X, Wisconsin Protective Coating Campany.
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Technical Bulletin AE-441/1

ADHESIVE ENGINEERING COMPANY

;L?(;A:?‘D"USTRIAL ROAD SAN CARLOS, CALIFORNIA 94070
1 g

——— (415) 592-7900 TELEX 34-8459
JEEFERSON concnzsxva® 1077 TYPE I & TYPE II

CORPORATION FAMILY

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 (PlC)
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, COWCRESIVE
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 exnibit 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 temperatures
down to 35°F. Due to the large increase in viscosity, application below 50°F is
not practical. The same limitations apply to CONCRESIVE 1077 Type II. 1In 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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CONCRES1IVE
Page 2

1077 TYPE I & TYPE 1I Cont'd

Water and 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 compared to PCC. In structural applications, use of the

products at ambient temperatures exceeding the heat deflection temperature
(HDT) is not recommended.

PRODUCT DESCRIPTION

TYPE I TYPE 11 .
Form Two component, very low viscosity liquid
Color
Part A Clear Amber
Part B Black
Mixed Black
Typical Properties @ 77°F
Density
Part A 9.5 9.5
Part B 9.3 9.2
Mi xed 9.4 9.4
Viscosity, Poise
Part A 5.0 5.0
Part B 6.0 4.0
Mixed 6.0 5.0
Mix ratio, A:B - 2:1, by volume .
Shelf Life One year minimum in sealed cnntainers
at ambient temperatures of less than
120°F.
TYPICAL CURING PROPERTIES AT 717°F
Pot Life, minutes TYPE 1 TYPE II
One Quart Mass 60 300
One Gallon Mass S0 120
Thin Film Tack Free Time, hours S N/A*
Full Cure Time, days 10 22
ariae auvailable TKe§
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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

a cure time of two weeks at 77°F.

higher temperatures will increase the physical properties of Type I material to

these of Type I.

Prolonged cure times or short exposure to

For applications in a nuclear radiation environment, it should be noted that
irradiation itself post-cures the epaxy indirectly by causing an increase in
temperature of the material and directly by promoting further cross~linking of

the polymer.

PROPERTY

Tensile Stryength, psi
(ASTM D638)

Elongation at Break, %
(ASTM D638)

Compregssive Yield Strength, psi

(ASTM D695)

Compressive Modulus, psi
(ASTM D695)

Flexural Strength, psi
(ASTM D790)

Flexural Modulus, psi
(ASTM D790)

Heat Deflection Temperature, °F

(ASTM D648)

CONCRESIVE 1077

TYPE I TYPE 11
6,000 5,000
2.0 2.5

190,000 9,000

1.4 x 105 1.2 x 105
10,000 8,000
3,5 x 10s 3.0 x lOS

120 112
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CONCRESX\'E®1077. TYPE @ & 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 immersed in water
at 77°F for 24 hours, removed, bonded with the epoxy adhesive and cured in air
at 779F). <-

CURED PCC
CURE TIME, days DRY, psi WET, psi
2 2000 1000
7 7000 5500
14 8000 6000

EFFECT OF AGGREGATE EXTENSION

CONCRESIVE 1077 Type 1 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 I1 and Type I/1I blends containing a major proportion of Type Il
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 105
(ASTM D695) .

EXOTHERM TEMPERATURE ON CURE

In void filling applications, it is essent%al that the maximum temperature which
develops on cure remains moderate (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 heat sink for fast 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 whigh }eaves
only the slowly reacting epoxy systcm as a practical solution to a void filling
problem. CONCRESIVE 1077 Type 11 is such a system. In a one gallon mass, whgn .
surrownded by air, this product developd 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.

K-7



CONCRESIVE&3077, TYPE I & 1I Cont'd
Page 5 *

CHEMICAL, WATER AND SOLVENT RESISTANCE

Chemical, water and solvent resistance of CONCRESIVE 1077 Types I and Il is
equivalent to that of CONCRESIVE 1305 and 1310. Please refer to thé corresponding
bulletins.

NUCLEAR RADIATION RESISTARCE

CONCRESIVE 1077 Types I and II are specifically designed fotr use iH nuclear ‘
radiation environments. A pamphiet oh the behavior of the materials mahufactured
by Adhesive Engingering Company in radiation environments is available uUpon request.

LIMITATIONS CONCRESIVE 1077
TYPE I TYPE 11

Minimum Application Temperature,°F

Liquid 50 68

Mortar 60 65
Minimum Cure Time Before 7 30

Functional Use, days

Application in Thin Bond Lines recoimended not recommended

CLEAN-UB

All tools and equipment fmust be immersed or cleaned with toluene or acetore before
curing occurs.

HANDLING AND TOXICITY

A and B Components for Industrial Use Only! Warning! S8kin Contact May Cause Serious
Delayed Dermatitis. Avoid inhalation of vapor. Use ventilation particularly if
heated or sprayed. Prevent.all contact with skin. 1If contact dccurs, wash imme-
diately with soap and water. Part A - SPI Classification 2; Part B - SPI Classifi-
cation 4.

The use of barrier creams, such as Kerodex No. 71 or tndco Labs No. 211, 213 or 214
is recommended. Clean rubber gloves or disposable polyethylene gloves provide the

best protection. Should skin contact occur, wash immedidtely with socap atd water,

or Adhesive Engineering Company's EPOCLEANSE ® 6001 skin cleaner.

Good ventilation is necessary for indoor work, and great care should be taken to avoid
splashes which would eéndanger the face and eyes.
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A DISCUSSION OF NUCLEAR RADIATION RESISTANCE OF EPOXIES

WITH PARTICULAR REFERENCE TO THE CLASS INCLUDING

CWRESIV@ 1077 IMPROVED (TYPES I AND II)

AND CONCRESIVE 1305 AND 1310

Introduction

Epoxy resins have been enployed in nuclear applications from the start (1).
It was recognized even in 1957 (2) 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 specifica: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 Function
Brown's Ferry Nuclear Power Plant Electrical generation

Decatur, Georgia

Turkey Point Station Electrical generation
Florida City, Florida

Pilgrim Station Electrical generation
Plymouth, Massachusetts

Allied Gulf Nuclear Plant Nuclear fuel

Sterling Nuclear: Unit I Electrical generation
Osweqgo, New York
Surry Power Station Electrical generation
Gravel Neck, Virginia
McQuire Nuclear Station Electrical generation
Charlotte, North Carolina

vallecitos Nuclear Plant Research and isotope
Livermore, California manufacture

4“ ~ — . .2 m-=s adhesive 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.




*

Conclusion

In theory the total dosage (amount) of radiation of any type absorbed
by an epoxy will have the same effect (2, 3 and 4). However, the degree of
penetration, already mentioned, must be considered. Also it is common
practice to simulate many years of lower level radiation by short-time
tests 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 20 high as to cause an
unrealistically high degree of oxidation in the epoxy that does not correlate
wvith 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
types, 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 Heat 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
cateqgories:

(a) Measurements of emission (density of the radiant field), in-
cluding emission thrqugh air, e.qg., f}ux density or emissio
intensity in ergs/cm“ -~ sec or Mev/cm - sec or neutrons/cm
- gec; or in air roentgens or Mev/qg of air. Also nvt; and

(b) Measurements of absorption by materials (other than air), e.q.,
absorbed dose in reps, rems, and rads. °

Apart from the 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 rem refer to absorption by biological tissue thus the rad is the most
suitable unit for use with epoxies.



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.

Roem:gen

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:

1l rad = 0.88 roentgens
n.v.t.
The absorbed dose in the polymer is considered here to be proportional to

the emission inEensity (density X velocity) of slow (thermal) neutrons only
{in neutrons/cm” /sec) multiplied by a fixed period of time (in seconds)ts)For

specific polymers, conversion coefficients to rads have been developed . e.g.,
Acrylic l nvt = 7.0 x 10“8 rads
Nylon lnvt =1.0 x 10-9 rads
Neoprene l nvi = 2.5 x 10-7 rads

nvt units are slow (thermal) neutrons/cm2
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).

1l rad = 100 ergs/g or 6.25 x 1013 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:



Umodified Aromatic Amines (heat cured) 1 -2x 109 rads
Modified Aromatic Amines (room temp. cured) S - 6 x 10° rads
Aliphétic Amines (room temp. or heat cured) S «9x 107 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.q., 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 I1 (as well as CONCRESIVE 1305 and 1310). .

S Mo. 1

Application: Nuclear Reactor Pool Lining (with glass cloth in coating) -
presumed use of pool is storage of spent reactor fuel rods.

Estimated Design Dosage: 1 x 109 roetgens would be received by
coating over 30 years.

Test Dosage: 1 x 109 roetgens total over 25 hours.

V'
Assumed Test Radiation: Gamma (since dods is given in roftqens and
application is pool lining).

Conversjon: 1 rad = 0.88 roez:gens. Therefore:
Total posage: [0.88] x [1 x 10°] = 8.8 x 10° rads (in 25 hours)

7
Back-Calculated Dose Rate: 8.45 x 108 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 Summary reprinted in Ciba-Geigy, USA "Coatings
Technical Newsletter, No. 6, Dec. 16, 1963 - (Item #3).

Chemical Description:

Bisphenol A diglycidyl either (Araldite 6005) cured with liquified
methylene dianiline (MDA), modified with dibutyl phthalate and accelerated
with a trace of aromatic acid (Araldite Hardeners HY830 and HYB850).
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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

Flux Density: 1.2 x 1012 slow (thermal) neutrons/cmz/sec.

Pile Factor (nvt) = flux density x 24 hours = (1.2 x 1012) x (8.64 x 104) =

1.0 x 1017 nvt
Conversion Coefficient used for epoxy (back-calculated) was 1 nvt =
7 x 10-10 rads, therefore:

pile Factor = (7 x 10 1% x (1 x 10*7) = 7 x 10’ rads

7 x 107 rads/day or

Therefore, back-calculated - dose rate

2.92 x 106 rads/hour

5 x (7 x 107) = 3,50 x 108 rads

Therefore, cumulative dose at 5 days

10 x (7 x 107) 7.00 x 109 rads

10 days

15 x (7 x 107) 1.05 x 109 rads

15 days

20 days = 20 x (7 x 107) 1.50 x 109 rads

Temperature During Immersion: 70°%¢C (ISBOF)

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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Page 7

EFFECT OF RADIATION ON AN AROMATIC VS. AN ALIPHATIC AMINE CURED EPOXY

{2)

Percent change in thickness.

Negative value indicates increase in cross-link density.

Modified Aromatic Amine (AERE System #16) Typical Aliphatic Amine (AERE System 1)
Cumulative ) (2)
Dose (rads) Flexural Strength Hardness Shrinkage Flexural Strength Hardness Shrinkage
Value ) ] vValue L}
(psi) Change value | Change| & Change (psi) Change Value {Change S Change
0 18,500 0 46 0 o 19,300 0 32 0 0
3.50 = 10° 18,100 | -2.2 — | - -0.3 9,600 | -50.3 | 35 | 49 Badly blistered -
7.00 x 10a 15,700 -15.1 S1 +11 -0.3 1,500 -92,.2 34 +6 not possible to run
1.05 x 10° 11,700 -36.8 -- - -0.3 Sample destroyed
1.40 x 10° 7,100 | -61.6 a2 | -7 -0.3 Sample destroyed
— (1) .
o 7" Vickers Hardness Number



p(ig(“ o

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 - Epik teR 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 - EpikureR 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: 1l:1 molar adduct of diethylene triamine
and ethylene oxide. (N-hydroxyethyl
diethylene triamine)

System $16

Resin - AralditeR D (Ciba ARL Ltd.)
In USA Araldite 502 (Ciba-Geigy, Inc.)
Composition: Diglycidyl ether of Bisphenol A
(Araldite 6020) 84%
dibutyl phthalate 1%

Hérdener - 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 2

System No., 12 - NadicR Methyl Anhydride (methyl endomethylene
tetrahydrophthalic anhydride).
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AERE Conclusions

Among the conclusions of the above study were 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.
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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
Epnergy 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 cuﬁing epoxy systems available.
The TRV appears to be of the order of 5 to 6 x 10  rads while ugeful service is
provided up to 7 x 108 to 1 x 109, 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 poaorer radiation resistance than
the available state-of-the-art.
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APPENDIX

SYSTEN POR CONVERSION OF RADIATION UNITS

Electron-Bean
Given Energy Camma-Radiation Plun (1.0-Mev Rays) . Seutron Flux
Llectron Absorbed Roentgen Absorbed Absorbed Gamma Photons Tast Neutrons Thersal Seatror
Density at Dose, B Equivalent Energy per tnergy per per ond, ¢ (over 0.1 ] {helow 0,1
1.0 wav, A {zvads) Physical.C Gram Alr, D Geas, £ Nevtrons/cw’, & ”
(electrons/cm’ ) {raps} {roentqens) (aggs/gw} (nvt) invt)
Electron-Beam Energy
Llectrons/cn’ - exSn10’ Cxa.6x20" Dxd. 4x10” Exsx10® rx2.5m10"2 cxl.Sm0”} win1o” 2
Gasma-vadiation Flug ’ s
Rads axax10”® ———- €x0.93 Dx0.877 w02 rxs.on10™2 cxd.om10”? uxe.ox10” !
Reps Ax2.15x10°° ax1.07% —a—- Dx:.08 £x1.078x10°% | rus.emio”}? Gad.2m10”" nxs. 410"}
Roentgens Ax2.268x10"° oxl.14 Ccx0.98 - Ex1.14x10"2 ras. 710”20 ox3.4x10" nx6.oat0” !
*
trge/om Ax2x10”° sx10? cx93 ox87.7 —— rxs.0x10"® ox3.omt0”) 6. om10”>
Photons/cn’ Ax40 #x2.0x10° cx1.86x10° oxl. 75x10” £x2.0x10" - Cx6.0 nai.2
Neutron Flux
rast avt Ax6.6 px3. 3x10° ex3.1m0’ px2.92x10° £x3. 3x10° ”x0.17 - nx0.2
Thermal nvt Ax3) sx1.66x10” ex1.56x10° .3mm10” £x1.66x10" Px0.83 6x5.0 ——-
Saference: Pendelton, W.W.,, "System for Conversion of Radiation Units,”

Rlectro~Yechnology. October, 1961
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Neither seller nor manufacturer has any knowledge or control concerning
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 AN IMPLIED WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE, ARE MADE WITH RESPECT
TO THMIS PRODUCT. Meither 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

R 1980 Adhesive Engineering Company
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CONCRESIVE R AEX-1512

CHEMICAL/RADIATION RESISTANT MORTAR BINDER

Description: 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.

Uses: - 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 Jolume

Standard Packaging: One gallon unit

Part A Part B Mixed

Color: clear amber dark green dark green
Density, 1b/gal: 9.52 8,42 - 9.40

Viscosity, poise: 7.0 10.5 8.0

Shelf Life: One year minimum in sealed containers at ambient temperatures

of 1e§s than 120°F.

" Regisiered Trade Name, Adhesive Engineering Company
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CURING CHARACTERISTICS OF BINDER!)

Pot Life, minutes: 60
225 g mass
Full Cure Time, days: 16

Strength Development @ 77

Cure Time Compressive Yield Strength, psi (ASTM D69S)
25 hrs 1,6002)
40 hrs 6,3002)
48 hrs 7,400
9 days 12,000

CURED CHARACTERISTICS OF BINDERS)

Tensile Strength, psi ASTM D638 6,000
Elongation at Break, % ASTM D638 2.0
Compressive Yield Strength, psi ASTM D695 10,600
Compressive Modulus, psi ASTM D69S 2.4 x 105
Flexural Strength, psi ASTM D790 8,000
Flexural Modulus, psi ASTM D790 3 x10°
Heat Deflection Temperature, °F ASTM D648 118
Expansion Coefficient, 1/°F (strain gauge) 4 x 1073

CHARACTERISTICS OF CONCRESIVE AEX-1512 GROUT

Proportion of grout mix (one standard unit):

CONCRESIVE 1512 1 gallon - 9.4 1bs
A/E SPECIAL GROUT BLEND 1 bag 44.3 1bs
Total Weight : $3.7 1bs
Yield 3 gallons 0.4 cubic feet
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CONCRESIVE AEX-1512 Technical Bulletin A/E 470

Page 3 . July 14, 1982

Peak Exotherm (1 quart mass)l): In air In water bath
Time, minutes° 100 No exotherm developed,
Temperature, F 87

Strength Development @ 77°F:

Cure Time Compressive Yield Strength, psi (ASTM D69S)
30 hrs 5,400%)
10 days 15,000

Linear Curing Shrinkage: less than 0,1%

Coefficient of Thermal Expansion, 1/°F: 1,2 x 1073

(strain gauge)

1) e 77%F
2) 2% Offset Yield o
3) Cured 14 days @ 77°F
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use of the procuct NO IMPLIED
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Chemical resistance properties of cured binder ( elmhuul)

Hydrochlonc (munalic) acid up 1o 10% 1o 158°F (70°C)
(excelien!)- up 10 15% 10 140°F (60° C) (excellent - 37%
(concentrated) (not resistant)

Linseed ol fatty acid at 77°F (25°C) (excellent)

Nitne acid 3% at 77°F (25" C) (surtace attack only alter 10
months) - up 10 10% a1 77°F (25"C) (surface attack only afie:
4 months) 50% at 77°F (25°C) (not resistanti

Phosphonc acid up 10 30% 1o 158°F (70°C) (excellent) - 43%
at 77°F (25 C) (bhstered alter 18 months) -43% at 140§
(60C) (hmiled resistance)

Silo acid a! 77°F (257 C) (excelient)

Sultunc ac up 10 60% 1o 140 F (60°C) (excellent)- up 1o
10% at 158°F (70 Ch rexcelient) 20% 10 30% at 158}
(70°C) (hmied resistance) 709 (no! resistant)

Alkalis (Bases! diuted with waler

Ammomum hydroxide (@mmonia)- up to 2B8% at 77°F (25"C)
(excellent) 10% at 122"F (50°C) (hmited resistance): 10%
at 158°F (70°C) (not resistant)

Sodwm hvaroxide (caushic soda - up 1o 50% at 77°F (25' C)
(excelient) up tu 30% 10 156"F (70°C) (excellent)-50% a!
140°F (60" C) (excellent)-after 1 month (probably much
longer)

Waeters

Sea waler tap waler. dislilled water and deionized water up 10
1587F (70° C) (excellent)

Sall solutions

Soawm chloride (1able salt) - up 10 20% (excellent)

Soaium sultate - 30% (excellent)

Bleaches

Sodum sulfite (1%) spent sullite hquor zinc hydrosulfite (1%)
caleium hypochiorite (5%) sodium hypochiorite (Chlorox * ) -
5% at 77 F (25°C) (all exceltent)

Pags bleachig solution at 77°F (25°C) (nol resistant)

Em-mmmm; up 10 40% 10 158°F (70 C) (excelient) -
50% at 77°F (25°C) (excellent)-95% at 77°F (25°C) tnot
resistant)

Normal and secondary bulyl, 1so propyl and diacelone alcohols
at 77°F (25°C) (hmwled resistance)

Toluene at 77°F (25 C) (nol 1esistant)

Heptane tohiene (2% 751 al 77°F (256 C) (hemited resistane i)
Heplane 1otuene (50 50 and 75251 a1 778 25 Crexceliont)
Xylene (hmied resisiance)

Gasoline and kerosene at 77°F (25 C) (exceionty

Carbor tetiachionde at 77 F (25 C) (oxee henty

Ethyi acetate methy! iso butyl ketone (MIBk ) acctone mwthyl
ethy! ketom (MEK) Inchloroethylens: nidroben; eie
o-aichiorabenzene ethyl ether (ether), methylene chionde
chioroaceny ! chlonde al 77 F (25 C) (nol resistant)

Attack by these snivents is not sinctly chermical bul a softering
or sweiling action 1 the Hioor does not rec=wve heavy trall
while the solvent evaporates mos! of the onginal strength
1S tegained

Miscellaneous materials

Sour crude o/, tuel ol mineral oil. edible il lard cofton-seeg
oil diocty! phihaiate dibulyl phithalate tncresy! phosphate
pine oil ethylene glycol a! 77 °F (25 °C) (excellent)

Mineral o a! 140 “F (60°C) (excetient)

Hyarogen peroxide - 20% a1 77F (25°C) (excelwent)

Formaldehyde - 37% (excellent)

Styrene at 77°F {25°C) (no! resistant)

Emchiorohydrin at 77°F (25°C) (nol resistan')

Phenol {in water}- 7% ang 95% (not resistant)

Sodwm monochloroacelate (n water;-45% at 777F (257C)
(hmted resistance)

Detergent solption 5% at 77°F (25°C) texcellom;

Limitations

Apphcation of CONCRESIVE 1310 1s not recom-
mended when the ambient and/or substrate tempera-
ture 1s below 50°F (10°C) during application and cure
Although cure will take place down to 35°F ( 1°C)

the mortar becomes very difficull to trowel due to n-
creasing viscosity of the binder with decreasing tfem-
peratures CONCRESIVE 1310 mortars should not be
inslalied in areas subjected 1o freeze-thaw cycles

Instructions for use

Surface preparation: Surfaces mus! be free of dirt
or dust. paint, grease. oil, rust or other contaminants
Surface may be damp if unavoidable Sandblasting.
waler blasting. flame blasting. chipping. scarfication,
or etching and rinsing the surface of the old concrete
Is recommended o expose clean sound surfaces

Aggregate selection: Proper aggregate selection
1s essential for a high quality. non-porous palch or
overlay High quality silica sands — washed. graded, and
bagged—are commercially available and are most
commonly employed

The coarse fractions of the aggregate should be
sub-angular in shape, because the coarse round
particles tend to “roll” under trowel compaction The
fine fraction should be round o assure proper panicle
packing and ease o! finishing

The ratio of aggregate 1o binder should be from
6511071 by weignt "Rich” mixes (those with excess
binder) are sticky and difficult to fimish. while “lean”
mixes result in a porous overlay which can lead to failure

The follow:ng aggregate gradation is recommended

Std. Sieve No. % Weight Passing
8 100

10 80-100

30 53-73

5 26-46
100 8-24
200 1-8
270 0-3
325 H 0

By calculation, select three or four sand sizes in
proportions such that the blend falls within the gradation
limits. Then, calibrate containers to proportion the

. varous loose volumes cofresponding 10 the weighis

required for the batch size of the mortar. Two adjacent
sizes can be pre-blended off-sile. but not the com-

plete gradation since separatiorl will occur during
transportation and handiing

Planning your agaregate mix ahead of time will
save lime and money and prevent failures. Consuit
Adhesive Engineering or your local aggregate plant
for assistance in this procedure

Mixing: Mix only the amount of matenal that can
be used betore the end of the pol-lite Measure the
matenal carefully and add Par B to Part A Mix thoroughly.
using a pamnt stirrer (e.g.. a Jifty® Mixer, Jifty Mixer Co..
Irvine, CA) attached 10 a low speed (450-750 rpm)
electric or pneumatic drill. Caretully scrape the sides
and bottom of the container while mixing Proper mixing
will take about three minules, and the mixed material
mus! be slreak-free. To prepare monar, pour mixed
binder into a mortar mixer (e.g. KOL Mixal*  Model M60,
GE-8."% HP. equipped with a Model R paddie from
Man-U-Fab Inc . Minneapohis, MN) and add the cali-
brated quantities of the aifferent sand sizes Mix an
adamonal three minules after adding all the sand

Application of mortars: The substrate should be
pumed with a thin coat of CONCRESIVE 1310 before
applying the mortar. The mortar is then applied evenly
over the deswred area After distribution 1s complete,
trowel finishing is required 10 oblain a compact overlay
Mos! applications require a minimum compacted thick-
ness of . inch (6 mm) Occasional wiping of the trowe!
fage with a cloth dipped in toluene or lacquet thinnet
will prevent excessive sticking of the mortat Care must
be taken not to transfer solvent to the surface of the
mortar

Handling and toxicity: This bulletin does not
accompany the product when sold For speciic hazard
warnings and first-aid instructions READ THE CON-
TAINER WARNING LABELS CAREFUL! V

* CONCRESIVE 15 a registcred trade name of Adhesive Engineenng Co

ADHESIVE ENGINEERING COMPANY

141 Industrial Road, San Carlos, CA 94070/415)592-7900/ Telex 34-8459

August 1979
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Rrian Carr Date  Septemher 14, 1982
The Durability of ('J()NCRESIVIE® 1512 Grout Replaces Memo dated 8/19/82
and CONCRESIVE 1513 Gel Seal

Bob Rioux Copies W, Eisenhut

Anthony Gaffney

At your request, a literaturc review (limited in scope to publications
on hand)} on the subject of the dursbility 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 and 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

1 through 6 (page 12), Study f1 (pagc S) indicates durability as a cooling
pond l;ning in the presence of both water and radiation amounting to about

1 x 10° 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 GeV Proton Synchrotron in Harwell, UK,

A further description of construction is given in Ciba Technical Notes #227
(Nov. 1961) and of other nuclear engineering studies through October 1967

in Ciba Technical Notes for this month.

ﬁﬂbcsion

Pue to the presencc of polar hydroxyl and ether groups combined with low
cure shrinkage of epoxy resins, adhesive strength ix perhaps the best
obtainable in plastics technology (ref. lee & Neville, Handbook of Epoxy
Resins, McGraw-lill (1967), 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". -

Biodeterjoration

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
in prezent
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Sunlight § 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-phenylenediamines 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 Gorden 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-phenylenediamines.

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 Lce, Proceedings Soc. of Plastic Eng., 15th Annual Technical
Conference, New York, January 1959,

This work is also summarized in some detail in the book "Electronic Packaging
With Resins” by Charles A. Harper (McGraw Hill Book Co., pp 241-246).

Lee first prepared graphs of a large number of systems, including the aromatic
amine curing agents MPDA, Curing Agent Z (Shell Chemical Co.) and DDS

and dcteslined seight Aoss in ais 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.

Histogz

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 hasic systems to meet the
performance needs of a specific project combined with practical application
characteristics.,
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