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1.0 OBJECTIVE

The objective of this test program is to simulate the shield

material's specified operating conditions and possible

one-time abnormal condition. Also to demonstrate, under

these one-time conditions, the neutron shielding material
.

will not decompose, crumble, dissolve, or melt in any

significant degree and will not evolve quantities of

combustible gases or become a fire hazard. The shield

material need not remain functional as a shield after this

one-time event.
l'

The specified normal operational requirements are as

follows:

1. NORMAL OPERATION

1.1). Ambient temperatures between 86*F to 105* F.

1.2). Relative humidity form 0 to 100 percent.

1.3). Containment pressures of 9 PSIA to 11 PSIA.

'

1.4). The neutron shield material shall be capable of

withstanding an integrated gamma radiation dose

10
of 3.3 x 10 rads over its design life of

40 years.
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(
1.5). The shield material shall be capable of :,ithstanding

neutron fluence over its design life of 40 years of:
l01.5.1) . E <.11 MeV - 6.0 x 10 neutrons /sq.cm.

181.5.2) . 11 s E s 1.1 Mev - 3.0 x 10 neutrons /sq.cm.

1.5.3) . E > 1.1 Mev - 1.5 x 1017 neutrons /sq.cm.

1.6). Tne neutron shielding material will be in direct contact

with sections of the reactor vessel and nozzle insulation.

During normal reactor operaticns, the continuous contact

surface temperature of the shield at the insulation-to-

shield interface will be 247 F to 393 F..

2. ABMORMAL ONE-TIME CONDITIONS

I As specified, the shielding material may be subjected to the

follcwing abnormal one-time condition:
,

2.1). IIE TEMPERATUPE PRESSURE f3

0 to 2 min. 440 F 45 PSIG 5-11

2 to 60 min. 280 F 45 PSIG 5-11

60 min to 30 days 150 F 0 PSIG 7-9

2.2). 100 percent relative humidity.

2.3). Steam and water jet at 600 F in a localized area

for a one minute period.

2.4). A boric acid solution soak (2,000 to 2,500 PPM)

with sodium hydroxide added, ph 5.0 to 11.0 at

150 F for 30 days.
(
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. . . _ -_ . _ . _ _ .



. .

2.0 TESTING CRITERIA

In order to properly accomodate the above normal and

abnormal operational requirements, some test criteria

integration was required. This integration resulted in the

following test requirements.

1.0 The Shield Material In Pre-Operational Mode

a). Quantify chemical values,

a.1). Hydrogen

a.2). Carbon

a.3). Oxygen -

a.4). Silicone

b). Quantify physical values,

b.1). Specific Gravity

b.2). Durometer

b.?). Stress / Strain
c). Quantify LOCA Resistance

c.1). Steam Impingement

c.2). Borated Water Soaking

2.0 The Shield Material In Operational Mode

a). Gamma and Neutron radiation exposure to 2 1cvels

of integrated doses.
<

-

4
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a.1). Sample 1 - 8.25 x 109 Rads / Gamma

I6
1.5 x 10 N/sq.cm. E < .11 Mev -

,

177.5 x 10 N/sq.cm. .115 E51.1 Mev

163.5 x 10 N/sq.cm. E >1.1 Mev-

Above dose equivelant to 10 operational reactor years,

10 '

a.2). Sample 2 - 3.3 x 10 Rads / Gamma

l06.0 x 10 N/sq.cm. E < .11 Mev

18
3.0 x 10 N/sq.cm. .11 sE c1.1 Mev

lI1.5 x 10 N/sq.cm. E >1.1 Mev

Above dose equivelant to 40 operational reactor years.

Since the shield material is to be in contact with

reactor vessel and nozzle insulation, the shield

material shall experience normal operating temperatures

of 247 F to 393"F and therefore, shall undergo

radiation exposure testing under equivalent conditions

of 380 F 20 F.

b). Quantify Chemical values (See Item 1.0 above)

c). Quantify Physical values (See Item 1.0 above)

d). Quantify LOCA Resistance

d.1). Steam Impingement (Sample 1 and 2)

(

-5-
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e). Quantify Impact Resistance

e.1). Accelerate Sample 1 and 2 above to 1500

F.P.S. to simulate Loss of Coolant piping

rupture. Recover accelerated material and

submit to Borated Water Soaking.

f). Quantify LOCA Resistance

f.1). Borated Water Scaking,

t

.

.

-6
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| 3.0 Chemtrol CT 40-NS Tvoe "B"

| Samoles Preoaration
f

The preparation of sample specimens was carried out at the

i Chemtrol facilities April 11, 1979. No elaborate procedure

were involved in the proper compounding of the matrix other

than those approved by the Chemtrol QA/CC. These procedures

basically reflect compounding normally associated with dual
i

| component polymers.

J
i
! For the sake of traceability (Quality Control), all samples'

! produced were labeled to provide continuity of samples. A

series of samples were labled A1 thru A12 with another

series B1 thru B12. The A series of samples were submitted
,

; to the University of Michigan (Phoenix Memorial Laboratory)
!

for experimental purposes; i e., i dentification of a'

.

reliable irradiation mode within the Ford Nuclear Reactor.

| As soon as reliability was estabilished th* B series of

samples were submitted to the University of Michigan for the
i

1
'

required irradiation process.

:

: Due to limitations within the reactor irradiation area, the
4

above A and B series of samples were molded into 1"x7"x3/8"'

!
i

t
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long specimens. This geometry provided symmetry of testing

since the 380aF environmental heating required during the
irradiation process did not allow sample specimens of

greater size. Moreover, the sample gecmetry allowed greater

ease of physical properties testing.

In conujunction with the above sampic preparation, four

additional sample specimens were prepared with an

approximate size of 4"x4"x4". These unirradiated samples

were submitted to Wyle Laboratories for the purpose of

undergoing exposure testing per Loss of Coolant Accident

conditions,

ilote should be taken of the fact that the compounding of
Chemtrol CT-40-NS Type "B" Silicone matrix involves the

additional compounding of Boron Carbide (B4C) in fine powder

form within the basic silicono polymer. This compounding is

the 2nd step in the 2 step process. In the first step, the

j basic 2 part silicone components A and B are mixed in equal
weights or volumne. Immediately thereafter, the boron

carbide (B4C) is added to mix as the second step in mixing,

!

i
process. The amount of B4C to be added to the basic polymer

!

mix is sufficient to result in a net 1.5% minimum weight of
boron of the matrix weight.

|

i \

!
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An additional note to be made is that ancillary samples were

prepared for the purpose of assuring reliability of boron

homogenity within the silicone matrix. Said sample testing

resulted in such assurance.

|

t

-9-
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4.0 Chemtrol CT-40-f1S Tv oe "B"

Samoles-Irradiation

The purpose of the neutron shielding material irradiation

study is to determine the changes to physical and chemical

properties of the shielding material as a function of

irradiation ex po sure under conditions similar to those

present within the reactor cavity of the North Anna Nuclear

Station.

,

In a radiation field, elastomeric materials are the most

sensitive to radiolysis of all construction materials.
i

Likewise, radiation progressively deteriorates the initially

optimized properties of elastomers. The general effect is

to increase the modulus of elasticity and hardness while

decreasing ultimate elongation and tensile strength.

,

The general process whereby such changes occur is
,

;

ionization. The transfer of enargy from the radiation beam

to the atoms of the polymer directly or indirectly causes

the ejection of orbital electrons. The energetic electrons

produce secondary ionizations- The ions formed by the
,

ejection of orbital electror! r w aina with free electrons

to form enerjectic, u n s t.,,b l e urtlecules. The excited

-10-
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molecules quickly dissipate their excess energies, largely

by bond scission, physical transfer, and pcssibly molecular

rearrangement. The bond scissions produce free radicals and

unsaturation, and most of the subsequent overt effects

result from these. Cross linking, chain scission, molecular

rearrangement, and chemical reaction with environmental

agents, especially oxidation and ozonization, occur and

constitute the preponderant changes. Essentially all the

changes in physical properties of the elastomer material

ensue from these basic processes. Although the primary and

secondary processes are obviously not temperature sensitive,

the resultant chemical reactions are temperature dependant.

|

A secondary point of importance, is the effect of dose rate

en the elastomer compound. Prior experimentation has shown

that there is no dose-rate effect for elastomers within the
N 7broad range of 10 through 10 rads /hr. i.e.; at least over

sis range, any variation in dose rate does not*

significantly effect the change in physical properties of

the elastomer compound. What does matter is the total

amount of radiation energy absorbed and the uniformity of

absorption.

A final point to be made is that prior experi;agntation has

revealed no significant post-irradiation effects in the
(

-11-
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compound. Measurements of hardness and elasticity has shown

no change over a period of three months after irradiation.

The irradiation test program was comprised of two parts.

The first part involved irradiation of test specimens for a

period equivalent to 10 years of reactor operation i.e., to

the same level of accumulative gamma and neutron doses. The

second part of the test program involved the irradiation of

test specimens to 40 years equivalent reactor operation.

The above irradiation process was to be conducted with

material samples in a 380 F 20 F environment.

All of the above irradiations were performed at the

University of Michigan Ford Nuclear Reactor operated by the

Michigan Memorial Laboratory. These facilities were chosen

for these test experimen ts simply because the Ford Reactor

flux profiles accomidated the majority of incident flux

profiles required for the material testing. In addition,

the University of Michigan reactor material testing

personnel had considerable experimental experience with

similar material testing requirements.

.

The respective irradiation exposure levels required along

with the' actual-accumulated doses are as follows:

-12-
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10 Year Exposure Level

T-radiation Desired Actual

9Integrated Gamma Exposure 8.25 x 10 Rads 8.4 x 109 Rads

10 I0Neutrern E <.11 Mev 1.5 x 10 N/sq.cm. 2.0 x 10 tysq .cc.

17 17Neutr; .> .115 E< 1.1 Mev 7.5 x 10 tVsq.cm. 8.7 x 10 tysq. a
i l6 l-| Neutrons E >1.1 MeV 3.5 x 10 N/sq . cm. 7.1 x 10 ' N/ sa.cm.

EO Year Exposure Level

Im Desired actual
10 10! Integrated Gama Exposure 3.3 x 10 Rads 4.1 x 10 Rads

lb l0Neutrens E <.11 Mev 6.0 x 10 tysq.cm. 9.8 x 10 tusq.cm.

l0 I0Neutrcrs .116 EnMev 3.0 x 10 N/sq.cm. 4.3 x 10 ?Usq.cm.

l7 l0l'eutror.s E >1.1 MeV 1.5 x 10 N/sq.cm. 3.5 x 10 N/ sc . cm.

The above exposure levels were administred at the follcwing incident

flux levels.

i 10 Year and 30 Year Exresure Level

Irradalipp Measured Dose Pate Dose Rate -10f,

7 7Camr.a 8.4 x 10 rad /hr. 7.6 x 10 rad /hr.
12 2 12 2E > .11 Mev 5.6 x 10 n/cm /sec. 5.0 x 10 n/cm /aec.
12 2 12 2.11 Mev SE S.1.1 MeV 2.4 x 10 n/cm /sec. 2.2 x 10 n/cm /sec.
12 2 I2 2E > 1.1 MeV 2.0 x 10 n/cm /sec. 1.8 x 10 n/cm /sec.

,

The 10 year exposure level required 110 hours of exposure to

reach its desired accumulated dose while the 40 year level

required 545.6 hours of exposure. The actual exposure

levels were in excess of the desired levels. i.e.; the 40

-13-
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year specimen received 20% more gamma and over 50% more

neutron exposure than specified.

2

An additional deviation from the norm is the above

referenced measured dose rates. A 10% reduction was applied

! to all gamma and neutron incident flux rates to allow for

shielding of the samples 1/4" wall aluminum container. This

value reduction was applied per estimates generated by

University of Michigan Ford Reactor Engineering personnel.

These estimates are highly conservative.

1 Frcm the standpoint of irradiation exposure and resulting

[ physical and chemical data, the 40 year material sample

! specimens are not representative to conditions within the

reactor cavity of the North Anna Nuclear Station. The

material's physical and chemical properties may have

10undergone radical change beyond irradiation to 3.3 x 10

Rads. A more than 50% over exposure to neutrons in the

thermal energy range surely had a prominent role in end

data. Each thermal neutron to hydrogen reaction (capture)

recults in the release of a single 2.2 mev gamma photon.

The magnitude of this problem was somewhat reduced since B4C

compounding reduced the potential for the H + N event.
.

Instead, a neutron + Baron 10 event results in gamma

! emissions of .5 mev. However, the accompanying release of a
i

|

|

|

|.

-14-
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!

highly energetic alpha particle does provide a mechanism for

loc ali::ed ionization. The magnitude of this event is
g

) appreciated when one equates the thermal flux rate, and
,

j atoms of Boron 10 as a function of cross section.

! The temperature environment sustained by the material

samples during the irradiation process most assuredly

contributed to Loss of Chemical and Physical properties.

Gross radiation damage is accelerated by heating or

stressing the elastomeric material.

On the matter of material activat' ion, the 10 year sample
,

'
reflected a gamma dose rate on contact of approximately 50

Mrem /hr. 16 days af ter removal from the reactor core area.

'

The identified activation species were CO-60, ZN-65, SB-124,

i SC-46 and CS-134. No data was obtained for the 40 year

exposure sample.
i

'

.

5

4

|

1 -15-
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5.0 Chemtrol CT no-NS Tvoe "B"

Physical Analysis

In its cured state, Chemtrol CT-40-NS Type "B" has the

following physical properties:

S p e c i f i e G r a v i ty-------------------- ---------- 1 3 6
Durometer (Shore A)----------------------------55

| (Lb) (In) (In) (PSI) (In/In)
| Tensile Force Sunple Length Sample Elongation Stress Strain

0 Lo:2.50 0 0 0
1 2.58 .08 8.40 .032
2 2.68 .18 16.81 .072
3 2.75 .25 25.21 .100

1 4 P.85 35 33.61 .140
j 9.5 UTS 79.83 .250,

Subsequent to irradiation exposure (10 year exposure level)

the shield material manifested changes in all areas of

physical properties tested. These changes adhered to the

general effect of increased h a r di.e s s and modules of

elasticity while decreasing ultimate elongation and tensile
strength.

Speeific Gravity------------------------1.57 g/cc

Durometer (Shore A)---------------------95

(Lb) (In) (In) (PSI) (In/In)
Tensile Force Sample Length Sample Elongation Stress Strain

0 1.80 0 0 0
20 1.80 0 204.08 0

UTS

-16-
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No physical data was obtained from the 40 year exposure

level sample other than specific gravity due to difficulty

in handling sample. Generally speaking said sample was

fragile upon handling. As discussed in Section 4.0, the

over-irradiation most likely resulted in an exagerated

t representation of expected physical affects to shield

'

material.

The impact resistance testing simulating accelerations as a

result of loss of coolant accident was conductea by the

Southwest Research Institute of San Antonio, Texas. The

institute received the 10 year and 40 year exposure samples
,

from Wyle Laboratories who had the initial test

!' responsibility of subjecting'the samples to steam
|

impingement expost!re,
,

The general results of the impact testing, i.e.,

accelerating samples to 1500 FPS, was to reduce the sample

specimens both (10 year and 40 year) to a fine powder with ai

dennity much greater than water.

!

.

-17-
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6.0 Chemtrol CT-40-NS Tvoe'"B"

Chemical Analysis

Since the primary function of the above referenced shield

material system is to act as a neutron shield, careful

] elemental analysis is required. With this fact in mind,
1
*

Chemtrol Corporation was able to retain the services of Dow

Corning Corporation to perfom the chemical analysis. Dow
<

Corning Corporation is the main supplier of the base

silicone polymer utilized ir. the formulation of the shield

material and therefore, is well familiar with silicone

analysis techniques.

,

Initially, one control sample (non-irradiated) and one of

the 10 year exposure level specimens were submitted to them

for analysis. Soon thereafter, the 40 year exposure level

specimen was also submitted to them for the required

analysis.

The following is the elemental data obtained from the

control, 10 year and 40 year exposed samples:

i Element / Property Control 10 Year Sample 40 Year Sample

Carbon (C) 17.77 + .17% 14.22 + .14% 5.96 + .06%
Hydrogen (H) 4.38 + 12% 3.00 + .09". 1.07 + .03%
Silicon (Si) 40.5 + .2% 41.2 + 0.2% 40.2 + .5%
0xygen (0) 37.35 + .2% 41.58 + .2% 58.42 + .5%

( Specific Gravity 1 359 + .005% 1.571 +.005% 1.68 + .005

Oxygen Values by Difference.

-18-
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I A review of the elemental data reflects a significant less in hydrogen

and carben.

It should be noted that the irradiated samples were thin strips which

were given a near uniform irradiation under uniform temperature. The

instbiled shield material's thickness and orientation allow for self

shielding and a temperature gradient throughout its thicknes.

Accumulated dose and resultant degradation of material properties wculd,

therefore, be attenuated as a function of chield thickness. In

addition, the test specimens were given an approximate 50% excess

irradiation, as discussed in Section 4.0.

In conclusion, the test specimens demonstrated a definite degradation in

shielding properties. The degree of degradation or efficiency which

will be experienced by the installed shield material, however, can only

be accurately determined by a plant survey program of neutron dose vs.

life of shield material.

(
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7.0 Chemtrol__CT-40-NS Tvoe "B"
Pre and Poj t Irradiation
LOCA Excosure Testing-

Qualification testing was conducted on CT-40-tfS Type "B" to

simulate Loss of Coolant Accident (LOCA) conditions. The

test program was performed by Wyle Laboratories of

tiuntsville, Alabama.

The test program was differentiated into two basic programs.

One program element reflected qualification testing of

unirradiated shield material, while the other element
;

involved qualification testing of the 10 year and 40 year
,

irradiated material samples. In conjunction with the second

program and subsequent to the initial steam impingement

portion of the LOCA testing, the material samples were

submitted to Southwest Research Institute for impact testing

(refer to Section 5.0 and Exhibit E). Thereafter, Southwest

Research Institute returned the impact test specimens back

to Wyle Laboratories for continuation of LOCA Testing

1 Requirements (Borated Water Submersion Test).
!

The initial LOCA testing involved unieradiated material.

samples (4 ea. - 4"x4"x4") comprising of steam impingement

(600 F steam - 60 sec.) and submersion in borated water at

150 F for 30 days.

(

,

-20-
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The effects of steam impingement on the sample specimens

were non-existant. However, the results from the Borated

Water Submersion Test merits some discussion. The area of

discussion only relates to the generation hydrogen

off-gassing.since all four material samples appeared to be

unchanged in all other physical respects after removal from

the borated water test cylinder.

The LOCA test cylinder had a free volume of approximately .7

cubic foot (20 liters). Of this free volume, approximately

75% (15 liters) was occupied by borated water and 4

unirradiated material sample specimens. Gas that evolved4

collected in the remaining 5 liters of the cylinder at 150 F

(66 C) and 1 psi (1.07 atmospheres). Gas analysis,

performed at room temperature and atmospheric pressure,

resulted in 32 volume percent hydrogen. Five liters of gas

at 1.07 atmospheres and 150 F is equal to approximately 4.31 ;

liters at room temperature and standard pressure (STP). The

hydrogen component under the same conditions would be 32% of

j 4.31 liters, or approximately 1.38 liters. The evolution of

! gas is a function of the surface area of 2.7 sq.ft.

Therefore, the evolution of hydrogen per square foot of

material is .62 liters /sq.ft.

Chemtrol's CT-40-NS Type "B" Neutron Shielding Material has
(

-21-
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been installed in the North Anna Unit 1 and 2 Nuclear
'!

Facilfty with an exposed surface of approximately 10,000

sq.ft. This material surface area, in an unirradiated form,

would generate 6,200 liters of hydrogen gas in the event of

LOCA. The area of installation (containment) has'an
0 Iapproximate volume of 1.8 x 10 cubic feet (5.1 x 10

.
r

liters). Therefore, the hydrogen gas evolved would account

for less than 1-24 x 10~ percent of the containment volume.

This volume p ent does not even remotely approach the LEL

for hydrogen in air (4%).

The introduction of the methane (1.1%) and ethane (.01%)
. /

components of the off-gassing to the above equatiou coes not4

i

alter the basic conclusions.

The LOCA testing on the 10 year and 40 year irradiated

specimens was somewhat dif ferent in that the test specimens

for the Borated Water Subr:ersion vere in powder form as a<

result of impact testing. Nevertheless, the basic results

i with the exception of increased ethane off-gassing and much

reduced hydrogen off-gassing. The overall off-gassing was

minute in quantity and therefore, does not provide a

potential "or concern.

A comparative evaluation of Cr-40-NS Type "B" (irradiated,

(i

.

-22-
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(
vs. unirradiated) shield material system as a function of

LOCA exposure testing reveals that as the shield system

undergoes irradiation exposure, its potential for

off-gassing is greatly reduced.

(

(
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I

I. GENERAL 1.9 ,

The reactor neutron shielding will be used to attenuate 1.12
neutrons escaping from the reactor vessel during normal 1.13

plant operations . The shielding will be located between 1.14
and around the reactor nozzles and will be supported on
top of the neutron shield tank. The shielding will remain 1.16
in place during all phases of operation except when
portions of the nozzle shields must be removed for 1.17
periodic inspection of welds. The shield is designed to 1.18

contain both hydrogen and boron to attenuate and absorb 1.19
neutrons, thus reducing exposure to operating personnel.

II. SCOPE 1.22

1. The work includes fabrication, quality control, and 1.25
delivery of silicone-based neutron shielding material 1.26
to the North Anna jobsite.

The supplier will be provided with previously 1.29

fabricated molds (500 and 700 shields) as shown on the 1.30
attached sketches, 13075-MKS-13, sheets 1 and 2.

These prefabricated molds are to be filled with the 1.31
silicone neutron shielding material.

T5e supplier shall also supply molds and mold the 1.32*

s21icone material into the various shapes shown on the
attached sketches, 13075-MKS-13, sheets 3 through 10. 1.33
Quantities shall be as specified. 1.34

2. The prefabricated molds require that the 10 gage, 1.36
inside diameter be supported along its vertical length 1.37

such that it is not distorted during injection of the
liquid silicone neutron shield material by the liquid 1.3s
hydrostatic force. The purchaser will provide this 1.39

support. The supplier shall inform the purchaser of 1.40
,

l any restrictions on the support material. Items to be 1.41
considered are cure temperature that the support may

I experience and other supplier identified
considerations. This information is required as part 1.42

.

of the supplier's bid.

III. OPERATING CONDITIONS 1.45

The neutron shielding will be located within the 1.46
,

! containment building in close proximity to the reactor 1.49

l vessel. It will be subjected to containment atoospheric 1.51
conditions as follows:'
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1. Normal Operation 1.53

a. Ambient temperatures between 860F to 1050F 1.56

b. Relative humidity,from 0 to 100 percent 1.57

c. Containment pressures of 9 psia to 11 psia 2.1

d. The neutron shield material shall be capable of 2.2
withstanding an integrated gamma radiation dose of 2.3
3.3 x 1020 rads over its design life of 40 yr.

e. The materials shall be capable of withstanding 2.4
neutron fluence over its design life of 40 yr of:

1. E<.11 Mev - 6.0 x 10 2 8 nutrons/sq cm 2.6

2. .115E51.1 Mev - 3.0 x 10 a neutrons /sq cm 2.8

3. E>1.1 Mev - 1.5 x 1027 neutrons /sq cm 2.10

f. The neutron shielding material will be in direct 2.13
contact with sections of the reactor vessel and 2.14
nozzle insulation. During normal reactor 2.15
operations, the continuous contact surface
temperature of the shield at the insulation-to- 2.16
shield interface will be 2470F to 3930F.

2. The shielding material may be subjected to the 2.18
following abnormal one-time condition in addition to 2.19
those listed in III.1.

a. Time Temperature Pressure pH 2.22

0 to 2 min 4400F 45 psig 5-11 2.25
2 to 60 min 2800F 45 psig 5-11 2.26
60 min to 30 days 1500F 0 psig 7-9 2.27

b. 100 percent relative humidity 2.32

c. Steam and water jet at 6000F in a localized area 2.33
for a one-minute period

d. A boric acid solution soak (2,000 to 2,500 ppm) 2.34
with sodium hydroxide added, pH 5.0 to 11.0 at 2.35
1500F for 30 days.

Under these one-time conditions, the neutron shielding 2.37
material must not decompose, crumble, dissolve, or
melt in any significant degree and must not evolve 2.38
quanitites of combustible gases or become a fire
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hazard. The degree and type of degradation expected 2.39
under the one-time conditions shall be ladicated in
the supplier 's bid. The shield material need not 2.40
remain functional as a shield after this one-time
event.

IV. DESIGN REQUIREMENTS 2.43

1 The shielding material shall be of a Dow Corning 2.46
"Sylgard 170" base with a boron loading of 2 percent 2.47
by weight. If there are any exceptions or changes in 2.49
the Seller *s proposed composition, list under the
* Exception to Requirements" section of the proposal. 2.50
The following information shall be provided in the bid 2.5*
package:

Specific gravity 2.54
(Minimum 1.3 g/cc) 2.55

Thermal conductivity 2.57

Hydrogen density af ter 32EFPY 3.1
(Minimum 0.055 g/cc) 3.2

Carbon (percent) 3.4
i

Silicone (percent) 3.7

Oxygen (percent) 3.9

Hydrogen (percent) 3.11

Boron (percent) 3.13

2. Toxicity: The material shall exhibit no toxic effects 3.18
| to personnel handling it.

3. Fire resistance: The following requirements are set 3.20
forth in the U.S. Regulatory Guide 1.120, Revision i,

; dated November 1977. The material should be 3.22
| noncombustible. or listed by a nationally recognized

testing laboratory such as Factory Mutual Underwriters 3.23
Laboratory, Inc., for:

J. Surface flamespread rating of 50 or less when 3.25
tested under ASTM E-84.

2. Potential heat release of 3,500 Btu /lb or less 3.26
when tested under ASTM D-3286 or NFPA 259.

.
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The supplier shall provide the test data necessary to 3.2t
support ANI and NRC acceptance. Any test data which- 3.2t
is not available shall be identified in the supplier's
bid.

4. The cured shielding material shall be sufficient 3.3-
strength to be self-supporting when subjected to the 3.32
normal and one-time operating conditions specified in 3.32
Section III above. The supplier shall certify that 3.3t
the neutron shield material will exhibit the above
physical and chemical properties for 40 yr under the 3.3L
operating condition (Section III) specified above.

5. The silicone neutron shield material shall be cured by 3.3t
the Seller to ensure that it will exhibit the physical 3 . 3 'i
and chemical properties listed above in Section IV
when subjected to the normal and one-time operating 3.3t
conditions of Section III. The supplier shall ensure 3.3E
that void spaces in the silicone material are
minimized during mold injection. The supplier shall 3.40
provide his curing procedure as part of his bid.

V. INSTRUCTIONS AND DOCUMENTATION 3.4?

1 The Seller shall furnish the buyer with any available 3.4e
docurentation reouired for support of licensing 3.47
applications. This would include such things as fire 3.4y
protection, radiation revistance, quantity of hydr gen
offgassing during the one-time conditions of 3.50
Section III, chemical properties, physical properties,
etc.

2. The Seller shall furnish with his bid the proposed 3.51
quality control procedures to ensurc that the supplied 3.52
neutron shield material meets the above-listed
(Section IV) physical and chemical properties and the
method for which void spaces are minimized during 3.53
manufacturing.

3. The Seller shall furnish with this bid a schedule of 3.54,

| f abrication and shipping milestones for the material 3.55

| identified in Section II.

t

!

|

.
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VI. IDENTIFICATION AND PREPAPATION FOR SHIPMENTS 3.5E ,
l

1 Packing slips or other identification papers shall 4.3
'

accompany all shipments and must bear the following: 4. 4

Supplementary Neutron Shielding 4.6
North Anna Power Station - Unit 1 4.7
Purchase Order No. 4.8
Item No. 4.9

2. Each item shall be marked with the appropriate item 4 .12:
number.

3. The Seller or subcontra ctor shall prepare and 4.10
weatherize all articles for shipment in a good 4.1L
coamercial manner so as to protect the material from
damage to which it might reasonably be subjected, both 4 .1 r
in transit and handling. Packaging shall allow for 4.17
temporary outdoor storage.

VII. QUALITY ASSURANCE PROGRAM 4.2C

Each bidder shall submit with his original proposal one 4.22
copy of his quality assurance procedure, covering the 4.24
quality control and quality assurance measures (1) imposed
by him on his work and ,12) imposed by him upon 4.25
subsuppliers or subcontractors.

A procedure acceptable to the Engineers shall be a 4.27
prerequisite for a bidder being chosen as Seller .

The Seller and his subsuppliers shall have in eff ect in 4.28
their shops at all times an inspection, testing, and 4.29documentation program that will ensure that the equipment
furnished under this technical document meets in all 4.30
respects with the requirements of this technical document.

The Seller shall implement and maintain this procuedure- 4.31
carrying out the requirement of this technical document, 4.32
and all proposed major changes shall be submitted to and
approved by the Engineers prior to implementation. 4.33

In order to attain assurance that the neutron shielding 4.34
material will give satisfactory, dependable, trouble-free 4.35
service, this technical document requires that a
"Ceritificate of Conformance" be submitted by the Seller, 4.36
verifying that the neutron shielding material is in
conformance with the set-forth requirements.

The Seller shall specifically ensure that a copy of this 4.37
technical document with all addenda thereto, or

.

'
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appropriate work instructions which include the technical 4.38
document requirements are readily available at each of his; 4.39
fabricating or production locations where work covered by
this document is in progress.

VIII. INSPECTION 4.42

The Seller shall give the Purchaser or Engineers 4.45
notification 72 hours prior to initial pouring of molds
for possible inspection. 4.46

Authorized shop inspectors or other representatives of the 4.48
Purchaser or the Engineers shall be allowed access to the 4.49
engineering offices, shops, and working area of the Seller
and his subsuppliers at all reasonable times. They shall 4.57
have the right to such information as is necessary to
demonstrate that engineering, procurement, and production 4.52
are proceeding in accordance with the established
schedules. They shall also have the right to inspect the 4.53
materials or equipment, or the Seller's or subsupplier's
production and inspection procedures, to confirm that the 4.54
requirements of this document are being complied with; the
Seller or subsupplier shall provide all tools, 4.55
instruments, etc, necessary to facilitate these
inspections. A final inspection will be made prior to 4.56
shipment of the neutron shielding material. ,

IX. GUAPANTEE 5.1

The materials furnished shall be new and guaranteed to 5.4
perform as required herein. Materials and workmanship 5.6
shall be guaranteed to meet the requirements set forth
above. Should any defect in material, workmans hip, or 5.7
performance develop during the f irst year following 5.8
initial commercial operation of the plant, the Seller
shall agree to make repairs or necessary replacenents free 5.9
of charge as long as the materials were not subjected to
unusual operating conditions or other hazardous

| requirements. 5.1C

The Seller shall repair or replace any item which in torn, 5.1-
,

| gouged, or broken upon receipt. The proposed repa'ir 5.12
procedure shall be submitted with the supplier's bid.

X. PROPOSAL DATA 5.15

i J. The bidder shall include in his proposal sufficient 5.1E
data and other information to completely describe the 5.19
material to facilitate a thorough evaluation. The 5.21
proposal information shall include, but not be limited
to, the following:

c-13075.20-1b 06/06/79 082
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a. Completed summary of proposal 5.23

b. Warranty statement 5. 2 '.

g. Material specific.ation and data sheets 5.25

d. Performance test reports 5.26

e. Quality Assurance and Quality Control procedures 5.27
*a be followed during the mixing and injecting of 5.25.

the neutron shielding material.

f. Any other data or information requested elsewhere 5.29
in this document.

g. Any other information that may a ssist the 5.30
Purchaser or Engineers in evaluating the bidder's
proposal.

2. If the bidder takes exception to any of these 5.32
requirements, these exceptions should be listed
separately under the heading " Exceptions to 5.33
Requirements . " Any exceptions should reference the 5.3a
paragraph to' which exception is taken. If no 5.35
exceptions are taken, the bidder should so state.

.

|

.

9

i
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VIRGINIA ELECTRIC AND POWER COMPANY

CERTIFICATE OF CONIVRMA?.C

Project Name

Seller Address

Item or Service Mark No.
_

Specification No. and Title

i

Purchase Order No., J.O.No.

Seller Identifying No. Drawing No.

Deviations from Specification Requirements: (If rene, so
state) attach

Copies of Deviation Approval Doc rnents

1. 4.

2. 5.
,

3. 6.

| The Seller, including his subsuppliers, hereby
certifies that the item or service, supplied on this order,
complies with the above-listed specifications, drawings,
applicable codes, standards, and procedures. _T h e Seller
certifies that all deviations from specification
requirements are listed a,bove and that deviation approval
documents are attached.

Signature
Quality Assurance Manager

or Equivalent

~
,_,

. _ . _ . . . __ - . _ _ _ _ _ . _ . _ _ _ , . . _ _ _ . . _ _ _ . _ _ , _ . . . _ _ _ _ . - _ , _ , _ _ _ _ _ _ _ _ , _ _ . . . _ , . _ _ . . _ - _
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INSTRUCTIONS FCR COMPLETING VEPCO'S
'

CERTIFICATE OF CONPO!CtAt:CE--'

'
.

'

.

The vendor shall complete the lines nuir.bered below, as appliccble,
and rettirn one copy with the shipment, and arother copy nailed to the
project location - ATTN: Resident QC,Enginecr:.

*

LINE NO. INSTRUCTIONS ,

; -

. PROJECT NAME (Surry, North Anns)
*

1. .
,

2. VENDORS NAME

'
'

3. VENDORS ADDRESS
*

.

4. NAME OF COMPONENT OR SERVICE PERFORIED

5. MARK OR PART NUlBER OF COMPONENT .

6. THE SPECIFICATION TITLE, NUFDER, REVISION
g

ann. n ATF., SPrcT FTt'. TNDt,t STU.V ST!2 DAP_-)S

) -' OR CODES ATTESTED TO AS REQUIRED 3Y THE
PURCHASE ORDER.-

.

7. VEPCO PURCHASE ORDER NUl!BER PLUS ANY CHANGE
ORDERS .

8. JOB ORDER NUM3ER
4

9. - VENDORS JOB NU1BER OR SHOP NU1BER
.

.

10. APPROVED FABRICATIO:! OR ENGINEERING DRAUINGS
AND LATEST REVISION

*
;

11. ALL VENDOR DEVIATIONS FROM Tile PURCUASE ORDER
OR SPECIFICATION WITII APPROVAL LETTERS ETC. .

TO VERIFY ACCEPTANCE OF DEVIATION-
.

Q.A. MANAGER OR EQUIVALENT RESPONSIBLE VEND 0312. /- -

REPRESENTATIVE
'

.
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far THE UNIVERSITY OF MICHIGAN
SUI *

PHOENIX MEMORIAL LABORATORY
(y FORD NUCLEAR REACTOR
*

ANN ARBOR, MICHIGAN 48109,.

(313) 764-6220

September 17, 1979

Mr. Vincent Cataldo
Chemtrol Corporation
8805 Solon
Building G5
Houston, Texas 77064

Dear Mr. Cataldo:

Enclused are tabulations of the total gamma and neutron doses administered to
samples of Chemtrol material CT-40-NS Type B. Samples were irradicted at
380 20 F for 110 hours and 545.6 hours at two megawatts. The specific gravities
of three separate pieces from the 110 hour samples are also enclosed.

Pieces of the 110 hour sampler have been sent to Southwest Research for analysis.
The 545.6 hour samples are still too radioactive is be handled. Present plans are
to prepare them for analysis on September 24,1979.

Sincerely,

h b CL A
Reed R. Burn
P.eactor Manage.-

enclosure

RRB/sv

. . . - - . - - . . . . - . . - .
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CHEMTROL MATERIAL CT-40-NS TYPE B

Short Term Irradiation

irradiation Temperature: 330! 20 F

2 MW Mea;ured Dose Rate Total Dose
Irradiation Time Dose Rate -10% ActuoT Desired

7 9 9Gamma 110 hr 8.4 x 10 rad /hr 7.6 x 10 8.4 x 10 8.25 x 10
12 12 18 18nc .11 MeV 110 hr 5.6 x 10 r /cm 2/5 5.0 x 10 2.0 x 10 1.50 x 10

12 I7.11 WV < nc 1.1 WV 110 hr 2.4 x 10 2.2 x 10 8.7 x 10 7.5 x 10
12 I 16n > 1.1 WV 110 hr 2.0 x 10 1.8 x 10 7.1 x 10 3.5 x 10

Long Term Irradiation

7 7 10 10Gamma 545.6 hr 8.4 x 10 rad /hr 7.6 x 10 4.1 x 10 3.3 x 10
I 18nc ,11 MeV 545.6 hr 5.6 x 10 n/cm 2/5 5.0 x 10 9.8 x 10 6.0 x 10

12 IO.11 MeV< n< 1.1 WV 545.6 hr 2.4 x 10 2.2 x 10' 4.3 x 10 3.0 x 10

12 12 I0 7n > 1.1 MeV 545.6 hr 2.0 x 10 1.8 x 10 3.5 x 10 1.4 x 10

4
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.' ' ' ' THE UNIVERSITY OF MICHIG AN

hp'' PHOENIX MEMORIAL LABORATORY
f* FORD NUCLEAR REACTOR

ANN ARBOR, MICHIG AN 48105

August 13, 1979

Mr. Vince Cataldo
Chemtrol Corporation
8805 Solon
Building G5
Houston, TE 77064

Dear Vince:

Enclosed is sample B6 of your CT-40NS, Type B material which has
been irradicted as follows:

9
Gamma 8.4 x 10 rad

f
IO'

Neutron E < .11 MeV 2.0 x 10 n/cm

.11 MeV < E< l .1 MeV 8.7 x 10

E > 1.1 MeV 7.1 x 10

The gamma dose rate on contact from this sample was approximately
50 mrem /hr.16 days after removal from the reactor core.

Sincerely,

7 k t L- -

Reed R. Burn
Reactor Mmager
Ford Nuclear Reactor

Enclosure

i

, ,. -- . . _ . . . , - - ,. , , . . ,
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[ THE UNIVERSITY OF MICHIGAN
.

k ,[*'J' .[79 6 a M*

PHOENIX MEMOR! AL LABORATORY
I p j s

''i , ,13 c' go FORD NUCLEAR REACTOR,*

ANN ARBOR, MICHIG AN 48109

Qggg (313) 764 6220

July 29,1979

Deer Vince;

Enclosed are the residual radioactivity results frem the short term sample which
we Irradiated at 350-400 degrees.

The long term semple completed its first cycle at temperature and is doing well,

Sincerely,

W
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4: r + 4 + F + k . b + 4 14 .t. + + + + & + t i t + t F + + t & + +: +. + +. t L '5 4: F F + .4 + + 4 . 6 06 +. 4 + +: + 6 *4.F+k++.

v4 .t v + . , + +. +: e o e + 4 e 20 JUL 1979 2. 29 : gg p ! +v4#e+.+++&+ > 4 4 + + 5:

+ ,t 4 + 4 +.4. 4 F 4 4. 4:4. + t t 4 4 +. f. +. + + 6 4. + & + v 4 * +:-) + A t E t + + t. t + F 4. t: + + + +: +. + k t t F + F 4 + +.

CHEMTPOL E:':PEPIMENT
1

SAMPLE DATE: 19JUL79 1446 00
SAMPLE IDEtJTIFICATIOil: 110
TYPE OF 5 AMPLE: SOLID
SAMPLE OLir4TITY- 0.1510000 UNIis: GRAMS

'

SAMFLE GEOMETRY: 5 AMPLE GEOMETRY
EFFICIENCY FILE NAME: EFF.TABM
:c & + 4 & + +.# 4 4 t t t t t.t t :t:4.4 4 ,.* * * 4:4 4 + +: + * * * * 4: t * 4:4:t t t $ +: +:* * +:4 4 .+: + F & & + + + + & .4'

S ,

RCOUISITION DATE: 19JUL79 1446:00 * FWHM(1222) 2.719
PPESET i!ME< LIVE): 1800. SEC * SENSITIVITY: 16.000
ELAPEED REAL TIME: 1840. SEC + SHAPE PARAMETER 10.O %
ELA? SED LIVE TIME: 1800. SEC * NBR ITERATIONS: 5.

*
;& + +.t-+ + .+. H +. A t: * 4 t S .+: + t t t: * t 4: t t t- t S 6: F * +. .$ + .+ 2 . e t +. +. tt :+: 4: * -+: & + + t +- + + + + * :F 4 k F F

$

DETECTOR i.DC DETECTOR * LIBRARY:NUCL.LIBM
DRTE CALIEPRTED: 19JUL79 744:-~ * ENERGY TOLERANCE: 2.500KV
KEV /CHNL: 1.0012299 * HRLF LIFE RATIO: 6. 00
OFFSET- -0.7146829 KEY * ASUNDANCE LIMIT: 50. 00*:

O. COEFF. -2.722E-07 KEY."C++2 w
6

V 4 4 +: 4 +: & * *. A * * v: t: +..& K +: + + + 4 +: 4 + k .) 4 t t +::+ -) A .+: t F +- 5 S t + k +: + -t * A :t: + 6: +: S + * 4 .+' + 4 + + +

ENEPGY HINDO' f 99.406 iO 2000.652

PK IT ENERGY RFER BKGND FNHM CHANNEL LEFT FW CT5/5EC NEPP FIT

1 1 510.85 20622. 12157. 2. 20 511.01 504 14 1.146E 01 1.1 4 51E s
2 1 602.67 1422. 8628. 2. 72 602.74 599 9 7.902E-01 9.6 1 29E
2 1 889.01 2427. 16571. 2. 52 888.84 885 9 1.904E 00 5.64 1] E-
4 1 1115.21 182205. 4127. 2. 58 1114.89 1107 19 1.012E O2 0 2 1.79E
5 1 11?2.95 261. 226. 2. 25 1172.59 1167 16 2.OO6E-01 8. 0 2. 8?E i
6 1 1291.44 426. 257. 2. 09 1291.0' 1284 19 2.4245-01 7.1 1. tee

.i .$ ~- ~. . ,,
-. 11 c .vio - . n. .:. 12 u m. - 4. m. . . 17. 1. w -01 m. s. , . ..r.w. .o c , ,

- x. --.

6 1 1407 22 141. 152. 2. 21 1406.86 1401 18 7.819E-02 15 O T 4tu ,-

9 1 1460.48 137. 75. 2. 04 1459.98 1456 10 7 626E-02 -t ' 7 1 71E
10 1 100.46 229. 56. 2. 62 1689.89 1682 16 1.226E-01 7.? 2.12E i

PERK SEARCH cot 1PLETED

,
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60-01 NUCLIOE IDENTI/[ CATION SYSTEM
50MMPPY OF flUCLIDE ACTIVITY PAGE I

(

TOTAL LINES IN SPECTPUM 10
LIfJES fiOT LISTED IN LIBPARY O

IDENTIFIED IN SUMMARY REPORT 10 100.007: (

ACTIVATION GRE

PJUCLIDE HLIFE HLSEC DECRY UC/UT EPROR .%EFR
AP-41 1.SIE COH 6.588E O2 6.111E -4 7.646E -2 5.400E i 7.06

ACTIVATION PRODUCT y g gm
-NUCLID_E HLIFE HLSEC DECAY

-__ UC. 'UT,2
EPROR .% ERR

|CO-60 _ 5.26E OOY
1.660E OS 5.556E -4 5.Oczc - 2.791E -4 7.49

ZrJ-65 2.44E O2D 2.10SE 07 5.556E -4 4.971E O 1.190E - 2 0. 24
f58-124 6.02E 01D 5.201.E 06 5.556E -4 1.Oe1E -2 8.229E -4 7.85
SC-46 8.29E 01D 7 249E 06 5.556E -4 2.858E -2 2.152E -2 5.58

jC5-124 2.05Y 6.457E O? 5.556E -4 ++8EY LINE tiOT PPESENT**

PJATURAL PRODUCT

/ 'JUCLIDE HLIFE HLSEC DECFY UC/UT EPROR ;' ERR
t' 20 1.OOE O2Y 2.156E 10 5.556E -4 2.210E -2 2.728E -212.25

|

|

|

|
1

|

| [
,

w -
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s THE UNIVERSITY OF MICHIGAN
[f! '

t PHOENIX MEMORIAL LABORATORY*
.

FORD NUCLEAR REACTOR
1

' I ANN ARBOR, MICHIGAN 48109

(313) 764 6220

Y$hhc .- :(.. n!b
2

p e. ,.

OCT 10 13tb

.Chemtrol

Octobei 5,1979

Mr. Vincent Cataldo
Cherntrol Corporation
8801 Solon
Building G5
Houston, Texcs 77064

Dear Vince:,-,

I sent both short term and long term samples of CT-40-NS-Type B to Ron Estcphan,
Southwest Research Institute and G.L. Elam, Wyle Laboratories. G. L. Elam is
Wyle's Radiation Control Officer. You might contact the actual user of the
material to worn him to expect it. Enclosed are letters sent preceding the packages.

Sincerely,

OJ' LLW
Reed R. Bc. -
Reactor A anager

Enclosures

RRB/sv

r

_ _ _ _ _ _ _
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THE UNIVERSITY OF MICHIGAN
' .~ 'i.h PHOENIX fj!EMORIAL LABORATORY,

,

" '
fE W FORD NUCLEAR REACTOR
//h ANN ARBOR, MICHIG AN 43109

] (313) 764-6220

October 5,1979

Mr. G. L. Elam
Radiation Control Officer
Wyle Laboratories
7800 Governor's Drive, West
Huntsville, Alabama 35807

Dear Mr. Elam:

I I have packaged and sent to you two irradiated samples of Chemtrol silicone
polymer base neutron shielding material CT-40-NS-Type B. The samples are
in lead pigs within the box. Each sample is labeled on its lead pig. An
irradiation data sheet is enclosed which provides irradiation details.

The samples are radioactive. Dese rates are provided on each lead pig.

Sincerely,

'V n- v

Reed R. Burn
Rcoctor Manager

Enclosure

RRB/sv

xc: Vincent Cataldo
Chemtrol Corporation

.- ..
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April 16, 1980

AS' e,t

Mr. Vincent M. Cataldo D,

Chemtrol Corporation 46
/~ fP.O. Box 38556 O

Houston, TX 77088

Dear Mr. Cataldo:

In response to your recent telephone inquiry about the
labeling of Sample No. 16705 (CT-40NS Type B), designated as
irradiated with 110 hours exposure per R. G. Niemi's letter of
March 3, 1980, I have talked further with Mr. R. R. Burn at
the University of Michigan and also rechecked our records.
Mr. Burn seat us two samples on December 7, 1979; one irra-
diated 110 hours, 3 e other 545.6 hours. In recording these
samples, our sample clerk assigned both of them the same
sample number (16705). Thus, we do not know which of these
two samples was actually analyzed. Since the identification
of the material labeled 16705 is ambiguous, I suggest that you
sin 1 ply delete that data from your consideration. The sequence
of san:ples is therefore as follows:

Sample 12751 - Non-irradiated
12750 - Irradiated 110 hours
17296 - Irradiated 545.6 hours

I regret the inconvenience that this confusion has caused, and
hope the data will now be useful to you.

Yours very truly,

*

W 6p
A. Lee Smith
Manager
Analytical Services Dept.

ALS/jlm

xc: Mr. Reed R. Burn, Reactor Mngr.
Ford Nuclear Reactor
Phoenix Memorial Laboratory
Ann Arbor, MI 48109

R. G. Niemi (Dow Corning Corp.)

DOW CORNING CORPORATION, MIDLAND, MICHIGAN 48640 TELEPHONE 517 496 4000
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Mr. Vincent M. Cataldo
Chemtrol Corporation
P.O. Box 38556
Houston, TX 77088

Dear Mr. Cataldo:

We received the two cured samples of SYLGARDe 170 21astomer which
you submitted specially formulated with baron carbide filler and
designed for neutron shielding applications. As per your comunication
and designation, sample B-7 has unden yone neutron and gama irradiated
exposure a.t the University of Michigan. For comparison, yvur sample
designated B-12 represents a non-irradiation control. Both samples
were submitted to our Analytical Department (Dr. A. L. Smith) for
specific element and specific gravity analysis. These results, along
with our Analytical Department reference numbers, and Corporate Test
Methods (CTM) are listed below:

B-7 (12750) B-12 (12751)
CTM Element / Property Irradiated Non-Irradiated

0030 Carbon (C) 14.22 .14 17.77 .17
0030 Hydrogen (H) 3.00 t .09 4.38 .12
0522 Silicon (Si) 41.2 0.2 40.5 0.2
0540 Specific Gravity 1.571 .005 1.359 : .005

I hope that this analytical data will satisfy your requirements. Let
me know if you have any questions.

'

Very truly yours,

bs.

R. G. Niemi
Sr. Specialist
Elastomers, Technical Service
and Development
Phnne: (517)-496-5380

sdk

DOW CORNING CORPORATION, MIDLAND, MICHIGAN 48640 TELEPHONE 517 496-4000
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CherntrolMr. Vincent M. Cataldo
Chemtrol Corporation ,

P. O. Box 38555
Houston, TX 77088

.

Dear Mr. Cataldo:

We received the two additional samples of cured SYLGARDe 170 Elastomer
that was specially formulated with baron carbide by Chemtrol (earlier
samples were designated B-7 and B-12). These latest samples were
desig.nated by Chemtrol as CT-40 NS Type B and were respectively subjected
to 110 hours and 545.6 hours of neutron and gamma irradiation exposure
at the University of Michigan. These samples were submitted to our
Analytical Department (Dr. A. L. Smith) for specific elemental and
specific gravity analysis. These results, along with our Analytical
Department reference numbers and Corporate Test Methods (CTM) are
listed below:

(17296) (16705)
CT-40 NS Type B CT-40 NS Type

CTM El emen t/ Property 545.6 Hours Exposure 110 Hours Exoc ure
b

0030 Carbon (C) 5.96 0.06% 4.97 @5%
0030 Hydrogen (H) 1.07 0.03% 0 83 0.02%

0522 Silicon (Si) 40.2 0.5% 38.0 f 1.0%
0540 Specific Gravity 1.681 0.005 Insufficient Sample

Again, I nope that this analytical data will satisfy your requirements.
Let me know if you have any questions.

; Very truly yours,

; . .

{jf. lAbM:(
| R. G. Niemi
| Sr. Technical Specialist

Elastomers, Technical Service
'and Development

Phone: (517)-496-5380

sdk

DOW rORNING CORPORATION, MIDLAND, MICHIG AN 48640 TELEPHONE 517 496 4000
l

|
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INTRODUCTION

j Three pieces of irradiated silicone polymer were received at Southwest
,

i Research Institute (SwRI) from Wyle Laboratories on March 12, 1980. The i

!specimens were packaged in plastic bags contained in lead pigs, which were

in turn contained in a s= aller box within the wooden shipping crate The.

| package was identified as containing radioactive material. The speci= ens
i

| were weighed and measured upon receipt to provide infor=ation for the de-.

t

sign of sabots to guide them in the gun tube and for the determination of |

the gas pressure required to obtain the required velocity of 1500 fps. The

information given on the labels affixed to the lead pigs is given in Table I,

; along with the initial and as-tested weights of the specimens and the =uz:le

velocities measured for each firing.

(

PROCEDURE

The specimens were received in the form of rectangular solid pieces.

In order to fire them from the 1-in, bore diameter cold gas gun, they had
; ,

to be sanded into s=ooth blocks and fitted with sabots to guide them down

i

the gun barrel and contain the pressure behind them. The sabots were =ade
.

,

of low-density urethane foam cast into a 1-in. inside dia=eter tube with a ,

~

j rectangular block inserted to form the cavity into which the speci=en was

. placed for firing. Each cabot was cast as one piece, then cut into two

I side pieces plus a round pusher disk as shown in Figure 1. The projectile
i

.

was then asse= bled by placing the specimen between the side pieces and in-
1

serting this asse=bly into the breech end of the gun, which opens at Joint A
7

l in Figure 2. The pusher disk was then inserted behind the specimen.

'
r

=
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Occasionally, paper sht=s were inserted between the speciren and side pieces

in order to achieve a good seal between the sabot and the gun tube to mini-

=1:e the leakage of propellant gas past the projectile.

The gun used to accelerate the speci= ens uses co= pressed gas as pro-

pellant, h series of reservoirs accumulates the required pressure, and the

gun is fired by venting the main reservoir into the gun tube behind the pro-

jectile. Two photodiodes are mounted near the mu::le of the gun to detect

the passage of the front of the projectile. The photodiode output signals

are fed to a wavefor= generator for direct display and to a signal condi-

tioner which passes a step function to the wavefora generator. The four

waves are displayed on an oscilloscope. A ca= era attach =ent fixture on the

oscilloscope allows the waves to be photographed for =easurc=ent. The first

photodiode also detects the turbulent compressed gas which precedes the pro-
!

jectile down the barrel, so its output must be interpreted accordingly. The'

projectile passage is taken to be at the discontinuity in the slope of the

output of the first photodiode. The mu::le velocity of the projectile is

t.an calculated by dividing the distance between the photodiodes-by the ti=e

required for the projectile to travel that distance. Figure 3 shows the os-

cilloscope traces obtained for the live speci= ens.

Figure 2 shows the gun and the specimen containment structure. Box i

is open at both ends and serves to contain the frag =ents resulting fro = the

stripping of the sabot fro = the speci=en. Box B is the catch box, and con-

tains the 34-lb concrete block target. Box B is lined with plastic sheeting

and is sealed with a lid secured by four screws. Duct tape is used to seal

the lid to the box. A 2-in. dia=eter aperture is provided for the passage

( of the projectile, with crossed slits in the plastic liner to allow free

.
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entry of the specimen while containing the resulting debris. The distance

from the su::le of the gun to the target is 69.5 in. The Special Operating

Procedure required by the SwRI Radiation Hazards Officer is included as an

Appendix to this report.

|

CALIBRATION

The gun was calibrated by fi*;ing a series of du=ny specimens cut from

a block of unieradiated material supplied by Stone & Webster Engineering

.
Corporation. The calibration firings provided information on the relation-

I

) ship between reservoir pressure and cuzzle velocity. The required velocity

I of 1500 fps could only be obtained by exceeding the 600 psi rating of the

gun, and then only with relatively poor reliability. When attempting to

I achieve a velocity of 1500 fps, the actual velocity fell in a range of

100 fps of the desired value. This limitation is presuned to be caused

by variations in the fit of the sabot in the gun tube, in the leakage of

propellant gas past the sabot, and in the limits of resolution of photo-

; diodes and associated electronic gear.

1

i

.

TESTING

The two live speci= ens were sanded to fit the sabots, then weighed.

! The sabots were also weighed to obtain the net projectile weight. Speci-

| men A was fired first. The oscilloscope traces are given in Figure 3(a).

Several minutes were allowed for the dust to settle inside the catch box

before the box was opened and the remains of the specimen removed. The
i
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concrete block showed so=e da= age as a result of the impact of the specimen.
i

A region approximately 1 in. in dia=eter was chipped out to a maxi =u= depth

of approx 1=ately .13 in. (visual esti= ate). The frag =ents of specimen, sabot,

and concrete were re=oved fro = the box and returned to a plastic specimen bag.

Since the speci=en was reduced to a fine powder, and since other debris was

also present, no atte=pt was made to quantify the particle size distribution.
4

Specimen B was fired next, ,using a fresh face of the target block. Thei

|
'

oscilloscope trace is given in Figure 3(b). Again, the specimen was reduced to
i

! a fine powder on impact. The da= age to the target block was less severe,

with a maxi =u= penetration of only about .07 in, by visual esti= ate. The
! powder was re=oved frc= the box to a separate speci=en bag, which was placed

inside another speci=en bag containing a chip re=oved from this specimen be-

fore firing.

| (
f

:
!
,

C0"CLUSION !

1

i The frag =ents fro = each speci=en were collected and placed in plastic
1

speci=en bags marked wfth the speci=en designation. The bagged speci= ens

were then placed in the lead slugs and returned to the SwRI " Hot Lab" for,

a

1 packing prior to shipment back to Wyle Labs. Both sets of frag =ents also

contain bits of urethane fea= fro = the sabot and bits of concrete from the
!

target.

i

t
,

b

h

I
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TABLE I

SPECIMElf DATA
,!

-

,

Specimen: A B

Type: Chemtrol CT-40-NS Type B Chemtrol CT-40 47S Type B;

*

Exposure:
I Time, hr: 545.6 110*

Temperature, "F: 380 1 20 380 1 20*

I !Power, MW:- 2 2*

Y radiation, rads: 4.1 x 1010 8.4 x 109*

Isotope: Zn65 Zn65*

8 rate, mR/hr: 21 195*

Y rate, mR/hr: - 18 15*

! Approximate Initial Weight, g: 12.4 10.7

Approximate Initial Dimensions, mm: 35 x 22 x 10 35 x 22 x 10

Weight as Tested, g: 10.00 9.42 __

Projectile Weight, g: 16.04 15.49

; Muzzle Velocity, fps: 1450 1410

;

.

9
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(a) Sample Specimen and Sabot Disassembled to Show
Components: A - Specimen; 3 - Sabot Side; and

-

C - Pusher Disk.
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FIGURE 2. GUN M;D C0!iTAI::ME;T ARRXiCDIE:IT (SCHOfATIC)
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FIGURE 3. OSCILLOSCOPE TRACES OF PHOTODIODE OUTPUTS

1 Division = 100 us
First photodiode outputI =

Second Photodiode outputII =

III = Conditioned signal from first photodiode
Conditioned signal from second photodiode? =

1 = Proj ectile at first photodiode
2 = Projectile at second photodiode
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APPENDIX* *

r SPECIAL OPERATING PROCEDURE

PURPOSE:

Because of the hazards involved with radioactive caterials, this oper-
ating procedure is provided to imple=ent special procedures in support of
Project 02-5845-118. This addendum is intended to supplement the SwRI Radio-
logical Health and Safety Manual.

HAZARDS:
.

The tests will involve the firing of two active silicone polyner sa=ples
from an air gun at the Ballistics Range. The projectile will i= pact on a
concrete target within a contain=ent chamber. Methods of contain=ent, pro-
tection, and =onitoring vill be covered in this procedure.

SPECIAL PROCEDURES:

The area to be used for testing will be divided and =arked as a con-
trolled area with ropes and radiation warning signs.

; projectile will be fired as received. However, should any sizing
1, be necessary it will be done at the " Hot Lab."

,

The active projectile will be fired into a containment box through a
small opening. Within the box, the projectile will impact the concrete tar-
get. Should any fragmentation of the projectile occur, it will be contained
within the box. During re= oval of the frag =ents, the operator will be re-
quired to wear a respirator, surgical gloves, and a disposable lab coat. Af ter
the test, the fragments will be recovered for subsequent ceasurements in an
area approved by the Radiation Safety Officer.

Personnel handling the projectile and fragments will be required to wear
TDL badges and surgical gloves. Additionally, pocket dosimeters will be used
to monitor " current" dosages.

.

All contaminated waste products, such as used gloves and concrete frag-
ments, will be disposed of in plastic bags provided by the Radiation Safety
Officer. Thdse bags will then be disposed of by the " Hot Lab."

Af ter completion of these tests, the area vill be monitored carefully
for contamination. If contamination is indicated, the area will be cleaned
in accordance with the SwRI Radiological Health and Safety Manual.

.

A
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SPECIFICATION (S) See Paragraph 5.0
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1.0 CUSTOMER Chemtrol Corporation
.

ADDRESS 330 North Belt East, Houston. Texas 77060

2.0 TEST SPECIMEN Neutron Shielding Material Samples'

t

Chemtrol Corporation
3.0 MANUFACTURER

4.0 SUMMARY-

Two samples of Neutron Shielding Ma*erial were subjected to a qualification
Test Program to verify functional integrity when subjected to the environ-
mental tests specified herein.

A description of the Neutron Shielding Material (specimens) is presented in
Paragraph 6.0.

"
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h.0 SUMMARY (CONTINUED)

The qualification Test Program was performed in accordance with
References 5.1 and 5.2. The Shielding Material showed no visual
physical effects from the Steam impingement Tests. Test results
are presented in Section I of this report. The test results of
the Borated Water Submersion Test are presented in Section Ill.

This qualification Test Report contains three sections as listed
below. The test program was conducted in the sequence indicated
by the section number.

o Section i Steam impinge. ment Test

o Section 11 Impact Test

o Section til Borated Water Submersion Test,

5.0 REFERENCES

5.1 Wyle quotation No. 543/1640-2/ES

5.2 Chemtrol Corporation Purchase Order No. 4087

6.0 TEST ITEM AND EQUIPMENT DESCRIPTION

6.1 Test item Description

Sample A: CT-40-NS, gamma dose = 4.1 x 10 rads--Sample A is in one
piece approximately 1" x 3/4" x ?/8".

3Sample B: CT-40-NS, gamma dose = 8.4 x 10 rads--Sample B is in two
pieces approximately 1" x 3/4" x 3/8" and 3/4" x 3/4" x 3/8".

6.2 Test Equipment Description

The test equipment used in recording data is shown on instrumentation
Equipment Sheets located in the appendices of the appropriate sections
of this report.

| WYLE LA80RATORIES
Huntsville Facihty

. - - - _ _ , . - - , - - .,,-- - - . , -
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SECTION I

STEAM IMPINGEMENT TEST

1.0 REQUIREMENTS

Each of the Neutron Shielding Materials will be subjected to a Steam
impingement Test.

The specimens will be exposed to a 600*F steam Jet impinging directly
on the free surface of the samples for 120 seconds.

2.0 PROCEDURES

A 1/4-inch fitting for an exit nozzle was located 6 inches from the
Shielding Material sample surface. A 1/4-inch line from a high pressure /A

temperature steam source, with a valve for regulating the flow, furnished
'

the steam supply to the exit nozzle. A bleed valve was provided upstream
of the flow regular.ng valve to condition the steam in the line prior to
starting the impingement. A thermocouple was installed in the steam line,
approximately 18 inches upstream of the exit nozzle,for measuring the
steam temperature. The Shielding Material sample was placed flat in

' a holding basket located .under the exit nozzle, the bleed valve opened
to condition the steam,'the flow control valve opened and the 600*F steam
allowed to impinge on the as-molded free surface for 120 seconds.

,

\
,

The specimen weights were recorded prior to and af ter impingement.
t
i

3.0 RESULTS

The test specimens were subjected to the requirements as specified in
Paragraph 1.0 and as described in Paragraph 2.0. No visual degradation
was evident. The samples were cracked and discolored to some degree

| when received. Small powder-like specks of material fell from the
specimens whenever handled.

The weight of each specimen prior to and after test is presented in
Appendix 11, Table I.

.

Photographs are presented in Appendix 11. Photographs 1-1 through I-4
are pretest specimens. Photographs 1-5 and I-6 show the test setup.| >

| Photographs I-7 through I-10 show the post-test specimens.

An Instrumentation Equipment Sheet listing the equipment used in this.

test is presented in Appendix 111.
s

| WYLE LABORATORIES
! Hurit3ville Facility
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TABLE I

| Pretest Weight

10.7h1 + 0.001 gramsSample A =

18.743 + 0.001 gramsSample B =
_

il Post-Test Weight

Sample A = 10.732 + 0.001 grams

Sample B = 18.701 + 0.001 grams i

Ill Weight Loss

Sample A 0.009 + 0.002 grams=
_

0.042 + 0.002 gramsSample B =
_

WYLE LABORATORIES
Mutitsville Facility
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SECT!0ft il

IMPACT TEST

!

1.0 REQUIREMENTS

Ship the Neutron Shielding Material to:

* Southern Research institute
6220 Culebra Road
San Antonio, TX 78284,

<

Attention: Mr. David K. Curtice

j 2.0 PROCEDURES

| Upon receipt of* Southern Research Institute's Radicactive Material *

*

License, the specimens were properly prepared and shipped. *Scuthern
Research ccmplete ' the impact Test and returned the specimens to Wyle i

Laboratories for completion of the test procram.

3.0 RESULTS

The specimens were received as a powered and granular substance.
7

4

* Southwest Research Institute

:

*.

1

.
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SECTION lli
i
i BORATED WATER SUBMERSION TEST

,

i 1.0 REQUIREMENTS

The Borated Water Submersion Test shall consist of maintaining the
(
i specimens at 150*F for 30 days in a solution of 2000 to 2500 ppm of
* boron concentration. Solium hydroxide shall be used to adjust the

pH between 7.0 and 9.0. Gas samples shall be taken at the 24th and
30th day of exposure and a chromatograph analysis performed to
determine the hydrogen, methane and ethane gas contents.

I 2.0 PROCEDURES

i
The samples of shielding material were placed in separate con-
tainers and filled with the specified borated water to approximately

[

[
75% of the container volume, the remaining 25 being available for gas
evolution sampling. The borated water was mixed 2000 to 2500 ppm
boron concentrate sodium hydroxide (NaOH) was added to the solution

,

which produced a room temperature pH of 7.5 Foreign substances were
observed within the solution. These substances were removed as'

requested by the Chemtrol Technical Representative. The containers
were sealed anu a gas sampling line, containing a hand valve and pressure

, gauge,was attached. The containers were placed in an environmental
chamber and the 150*F temperature was maintained for 30 days.

i

( Gas samples were taken on the 24th and 30th day of exposure. No

pressure developed within the containers, therefore, the samples were
.

| removed by evacuating 250 cc sample bottles to 15 inches of mercury.
f The gas was then drawn into the samp e bottles.l

+.

A gas chromatograph was performed to determine hydrogen, methane and
'

ethane gas contents.

\

i 3.0 RESULTS
,

(
'

The test specimens were subjected to the requirements as specified iri
Paragraph 1.0 and as described in Paragraph 2.0. One equipment problem

j i

occurred. it is described in Notice of Anomaly No. 1.
| {
i chromatograph was perfor6ed by Southern Research I stitute,
|

The gas
' ., Bi rmingham, Alabama.

t

Notice of Anomaly No. is presented in Appendix 1.
i

;

1
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3.0 RESULTS (CONTINUED)

. The results of the gas chromatograph are shown in the certification
letter presented in Appenaix 11.

Photographs iIl-A and IeI-B, showing the solution and samples,are
presented in Appendix 111.

An Instrumentation Equipment Sheet listing equipment used in this
test sequence is presented in Appendix IV.

<
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NOTICE OF ANOMALY

NOTICE NO. I P. O. NUMB E R : 4087 WYLE JOB NO. 44925 PAGE NO. {
CON TRACT NUMBER: N/A REPORT NO.

CATEGORY: O SPECIMEN O PROCEDURE D TEST EQUIPMENT DATE: 7/7/80

TO: Chemtrol Corporation ATTN: Vince Cataldo

PART NAME: Neutron Shielding Material N/APART NO.
TEST: Borated Water Submersion Test I. D. NO. N/A

SPECIFICATION: 543/1640-2/ES PARA. NO. N/A

NOTIFICATION MADE TO: Vince Cataldo DATE: Jutv 7 Ic80
NOTIFICATION MADE BY: 1 Mavhall VIA: Telethene

REOUIREMENTS:

Samples shall be submerged in borated water in a pressure-tight container main-
talned at 150 F for 30 days.

At the end of the 30-day submersion test, the gas shall be analyzed for evolution
of hydrogen and methane gases. The samples shall be evaluated for any physical
change, i.e., dissolving, deformation, or weight change.

DESCRIPTION OF ANOMALY:

A test equipment problem occurred causing the temperature to decrease to ambient
for approximately 29 hours.

DISPOSITION - COMMENTS - RECOMMENDATIONS:

At the customers request, the test duration will be extended 29 hours.

i

l

:

DISTRIBUTION: g_

or.g.ns: Deot. TEST WITNESS ENGINEER A - - - - - - r --

2 CUALIT ONTR A' ,

fooy REPRESENTING PROJECT MANAGEct is
1 Coov: ooerstions Derector / _f

WYLE LA8oR AToRifS - scf ENTIFIC SERVICES AND SYSTEMS GROUP - HUNTSVILLE. ALABAMA. .D43744t1

FoEM lobo

. -
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I GAS CHROMAT0 GRAPH RESULTS AND
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Sotithern ReSearch Institute

O
2000 N8 N T M AVCNUC SOUTM
BI R MI N G H A M, A l. A B A M A 35255

7Cwtp-oNc 2O5-323-855e2

September 2, 1980

Wyle Laboratories
7800 Governors Drive West
Huntsville, Alabama 35807

Attention: Joe Mayhall

Reference: P. O. 4-5482-S

Gentlemen:

The results of the analyses of the four gas samples are
given below:

Date Percent by volume
Sample received H2 hh CH6 C Hs C Hu2 2

A 7-30-80 <0.3 20 78 0.001 0.002 <0.001
B 7-30-80 <0.3 20 77 <0.001 <0.001 <0.001
A 8-13-80 <0.3 20 78 0.001 0.001 <0.001
B 8-13-80 <0.3 20 78 <0.001 <0.001 <0.001

The samples were analyzed on a Perkin-Elmer Sigma I gas
chromatograph with a Molecular Sieve 5A column. A thermal
canductivity detector was used to determine H2, 02, and N2
and a flame ionization detector was used for the remainder of
the gases. The detector responses to the gases were calibrated
by analyses of standard gas mixtures under conditions identical
to those used for the camples.

Yours very truly,

Approved by: wb
Lee Ann Wallace.

Chemical Research Technician

h'A
Analytical and Phy(sical
Herbert C." Miller Head Ruby H. J es

Head, Environmental Analytical
Chemistry Division Chemistry Section

SORI-EAS-80-641
NB No. 8921, pgs 123 and 124
Project 4587, Report I
(3:20) cs

.
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I
USE OF THIS REPORT AND INFORMATION

CONTAINED THEREIN

1

|
Publicity

I

{ This report and the information contained therein is the
property of the individual or organization named on the face here-
of and may be freely distributed in its present form. We do ask,I however, that no advertising or publicity matter, having or con-
taining any reference to Southern Research Institute, shall bei

made use of by anyone, unless and until such mattar shall have
first been submitted to and received the approval in writing of'

I the Institute. (The Institute does not usually approve any typeof endorsement advertising.)

Limitation of Liability

Southern Research Institute has used its professional expe-
rience and best professional efforts in performing this work.
However, the Institute does not represent, warrant or guarantee

f that its research results, or product produced therefrom, are
merchantable or satisfactory for any particular purpose, and therei

are no warranties, express or implied, to such effect. Acceptance,reliance on, or use of such results shall be at the sole risk of
Sponsor. In connection with this work, Southern shall in no event,

be responsible or liable in contract or in tort for any special,
indirect, incidental or consequential damages, such as, but not'

limited to, loss of product, profits or revenues, damage or loss
from operation or nonoperation of plant, or claims of customers
of Sponsor.

| |
t t

!

I
'

\

Report No.: Project 4587, Report 1(
SORI-EAS-80-641

To: Wyle Laboratories
7800 Governors Drive West

' Huntsville, Alabama 35807
t

Date: September 2, 1980

|

'

_. _ . ._ . . -. .-
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PHOTOGRAPH III-I

SAMPLE A IN SOLUTION

e
,

l
1

. _ . . _ _ _ . _ _ _ _ _ _ . _ _ . _ _ _ _ _ . _ . _ . . _ _ _ . _ . _ _ _ - . - - - -



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

)Page No. 111-11 i- -

Test Report No. 44925-1 '

,

\ . . - ,. y7:7
^ .M. . y ,-, Q . pyff'l .-. -

. sm - CD ' Q;;-'.
':

C: .:~,' ".;.s q
.-

' ,,,,

Q'i . A
'' -

- - . <.,

. ,e *

''N ~g

. .

$' . n.* 4 g
'

o.m a .-;

-.- '

f f .,a

, ~ , _ : . +g . ..[(g
.

* - i -

_
.

m.A-

,

*- y.t ).( g% ,

.h ~ lj#
' . ,

F

p:.w;1,.
, n a q. e... n,;w.r.w wrA ewg .gnan,y

.
,

~

|
.

a >WBfyQ,?f' '" -
w .t.gs-m

,yy, ' --

4 ~ Q'f ? .-

.s .V
. . . ,

-
,

_

t.s
|'

i
#

\,
. .

*
:s

k

-> ~~ . ,
''s.-

-N T, .. e

[$g.
. - ~ ,

* fR s

. .

?,? - ,% . % *

. M.1 (y ). :*
. n*.

: <- .

.s .
'

.. % '] ~ ^e
_ " . , '. v.::-e. - e. , - ;
1 s ac <, ,.

.O

M1 .. #N
, ,*"

,. g j,ie: w '

N*

|

PHOTOGRAPH III-2
j

SAMPLE B IN SOLUTION
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INSTRUMENTATION EQUIPMENT SHEET

Date d 8 Job No. 94Y8-II'7 7/88 Test Area 2 /

l'/ Custoiner L /# 2/N
,f' / ' _ Type Test / .'Teclinicia

~ g ] /~
'

Model Serial Wyle or Catitwat son
No. Instrarnent Manufacturer , N o. No. Gov't tio. Range Accuracy On Due
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