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NIAGARA MOHAWK POWER CORPORATION /300 ERIE BOULEVARD WEST, SYRACUSE, N.Y. 13202/ TELEPHONE (315) 474-1511 '

REGULATORY DUCKE ez Copy

Engineering

December 20, 1978

Division of Operating Reactors
Attention: Mr. Thomas A. Ippolito
Operating Reactors Branch {3

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Re: Nine Mile Point Unit #1
Docket No. 50-220
DPR-63

Dear Mr. Ippolito:

Your letter of August 21, 1978 requested additional information
regarding the spent fuel pool modification for Nine Mile Point Unit 1.
The attached information is in response to your request.

»

l
Very truly yours, i
|
NIAGARA MOHAWK POWER CORPORATION }

lj\/‘klﬂvua
D. P. Dise .
Vice President - Engineering

SWW/kmb
Attachment

¥81227017¢







1.

2.

Response to August 21, 1978

NUCLEAR REGULATORY COMMISSION QUESTIONS

Nine Mile Point Unit 1
Docket No. 50-220
DPR-63

Question

Provide the details of the uranium-235 loading and distribution in the
fuel assembly which were used for the spent fuel pool criticality
calculations.

Response

Figures 7 and 8 contained in the March 1978 submittal detail the fuel
assembly model used in the criticality calculations. The fuel assembly
is comprized, of 64 0.64 inch by 0.64 inch cells containing homogenized
fuel, water and cladding. The fuel assemblies are assumed to be un-
irradiated with an assembly average enrichment of 3.0 weight percent
which is equivalent to a loading of 15.186 grams per axial centimeter
of fuel assembly. A calculation, representing an explicit fuel pin
distribution of selected U-235 enrichments typical of a 3.0 weight per-
cent General Electric intra-assembly fuel pin arrangement is performed
and included as a perturbation on the single average enrichment model
results.

Question

Provide the areal density of boron-10 in the Boraflex plates which was
used in the criticality calculations and provide the "quality assured"
minimum value of this areal density (i.e., atoms of boron-10 per square
centimeter of Boraflex plate).

Response

The boron-10 loading used for the criticality analysis was based on the
ninimum B,C loading of 34.8 weight percent in the Boraflex and assuming
76 welght percent boron in the B,C powder. This corresponds to a boron-10
loading in the minimum 0.10 inch thick Boraflex sheet of 0.0217 grams per
square centimeter of cross section area (0.0217 gm B-10/cm2-0.1 inch).
This represents the minimum areal density required by specification to

be incorporated into the as fabricated Boraflex plates. As a perturba-
tion on the criticality calculation it was assumed t&ﬁt the boron content
of the BAC powder was 70 weight percent (0.0200 gm B /em2-0.1 inch),
which represents an 8.5 percent reduction in boron-10 content of the
Boraflex. Current production techniques indicate that the actual
boron-10 loading in the Boraflex will be well above the 0.0217 gm

B-10 value.

L#7812270176 I






3. Question

. Provide the calculated change in the storage lattice ke with a small
G change in the boron-10 concentration in the Boraflex plates.

Reponse

The calculated change in the storage lattice ke with a small change
in boron-10 concentration in the Boraflex is shown in Figure 1.

4. Question

Will there be any place in the pool under any of the proposed changes
where it will be possible to place a fuel assembly very close to the
outside of a rack which is filled with fuel assemblies? Such a place
might be the space between the outer periphery of the rack modules and
the walls of the pool. What is the maximum neutron multiplication
factor that can be obtained in this situation?

Response

Yes. However, the reactivity effect of a fresh fuel assembly located
outside the fully loaded spent fuel storage rack has been evaluated

for all postulated locations, including this area. The maximum per-
turbation associated with this event has been calculated to be +0.018Ak.

0 5. Question
Provide the nominal value of the kv for the PDQ-7 cell model shown in
: Figure 7 of your submittal.

Response
The calculated ke of the basic cell at 100 degree F is 0.8775.

6. Question

Provide the maximum value of the k= that is obtained when the perturbations
listed in Table 3 of your submittal are all assumed to be in the direction
that gives an increased neutron multiplication factor.

Response

The maximum value of ko for the spent fuel rack under worst mechanical
and thermal conditions with calculational uncertainties is 0.8971.
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8.

Question

Provide the change in the multiplication factor when .axial neutron leakage
is assumed.

Response

The change in multiplication factor when axial leakage i1s assumed is
-0.0021Ak.

Question

NRC procedures require that an on-site test be performed to verify within

95 percent confidence limits,’'that a sufficient number of neutron absorbing
plates (i.e., poison plates) in the installed racks contain the required
boron content to maintain the k .. <0.95. " When the poison plates are made
an integral part of the racks ang the condition of the poison plates is
continually monitored by surveillance tests, the NRC finds that a single,
initial neutron attenuation test on the racks is sufficient. However, a
single, initial neutron attenuation test will not be sufficient for the
proposed racks with the removable poison inserts. Describe how you propose
to periodically perform tests to verify, within 95 percent confidence limits,
that there will always be a sufficient number of poison plates which contain
the required boron content to maintain the k. g¢ < 0.95 in the proposed storage
racks with the removable poison inserts.

Response

The rack design provides one semi-permanent poison assembly per fuel
assembly. The poison inserts are not normally removeable and it is
anticipated will not be removed from the fuel storage rack for the life
of the rack, therefore we will satisfy NRC procedures. The poison assem-
bly is locked in place by a lock bolt that cannot be removed without
mechanically deforming the locking element. The lead-in funnel at the
top of the fuel cell location is an integral part of the poison assembly
and thus the presence of the neutron poison plates can be verified
visually. The presence of the neutron poison plates will be verified
visually prior to the installation of the storage racks in the pool.

Quality Assurance records, during manufacture, will confirm the instal-
lation of the Boraflex poison material into every poison assembly. A
neutron attenuation test will be performed at the manufacturer's plant
on 10 percent of the storage locations after the poison assemblies are
installed and locked in the racks. A site verification neutron attenu-
ation check will be performed on at least 5 storage locations in each
rack module.

It should be noted that manufacturing process Quality Assurance pro-
cedures and controls provide assurance that the actual B;C content of
the Boraflex poison material is above minimum calculational levels
established by Reactor Physics calculation models for each batch of
B4C and silicone material.






9.

10.

Question

Will any sources of neutrons other than spent fuel assemblies be stored
in the spent fuel pool? If so, at what rate will they emit neutrons?

Response

Tabulated below are sources of neutrons other than spent fuel assemblies
which may at times be stored in the spent fuel pool.

NEUTRON SOURCE DESCRIPTION NEUTRON RATE - n/sec
Start-up Sources 5 Sb-Be (§-n) sources will be aw4x107 - 3x109
removed from the core during (each source)

the next refueling outage,
temporarily stored in the pool
and eventually shipped off site
(60 day half-life)

Am-Be Source - 1 Am-Be €&-n) source; occa- '\:12x106
sionally stored in the spent '
fuel pool

Depleted LPRM's Upon removal from the reactor Minimum
during refuelings, LPRM's are ’
stored in the spent fuel pool
until disposed of

Question

What will the maximum integrated neutron and gamma flux be in the Boraflex
material over the lifetime of the racks? What spent fuel assembly power
density and burn-up, and what rack life were assumed in calculating these
maximum integrated fluxes? What is the assumed energy spectrum for the
gamma f£lux?

Reponse

The maximum integrated neutron and gamma dose expected for the poison
material will be 1.2 x 101l Rads. The neutron dose is expected to be
no more than 5 x 108 Rads. For the gamma dose calculation, it is assumed
that the poison is subjected to irradiation from the hottest spent fuel
assembly (gamma dose design basis peaking factor of 1.25, burnup of
33,000 MWD/MT) from 10 days out of the reactor to 18 months. when the
next refueling occurs. It is assumed that the fuel assembly is then
replaced by the hottest spent fuel assembly discharged at that time.
There are 27 such cycles that correspond to a rack life of 40.5 years.
Since over 70 percent of the gamma energy is in the 0 to 0.5 MEV group,
1 MEV gammas were assumed, making the resulting dose estimate conser-
vatively high.
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12.

13.

14.

15.

Question

What will the maximum temperature be in the center of the Boraflex material,
assuming the highest neutron and gamma flux and the worst accident conditions?

Response

The maximum temperature in the center of the Boraflex material agsuming
worst accident conditions is 247 F.

Question

State the quantity and composition of the gas which will come out of the
Boraflex material when it is being irradiated in the spent fuel pool.

Response

Currently a samplg of Boraflex material is being exposed in the Phoenix
Reactor at 2 x 10° R/hr (Gamma). The gas release from a 0.5 inch x 0.1 inch
x 6 inch sample is 15 ml/hr. The composition of the gas being re-

leased has been measured as 10% 02, 15% HZ’ 45% N2, 147 methane, and

3% ethane.

Question

On page 9 of your March 22, 1978 submittal, it is indicated that there is
a poison slab which is sealed in a stainless steel casing. Is the Boraflex
going to be sealed inside of a stainless steel casing?

Response

The Boraflex is canned in a stainless steel casing. The assembly is
vented at the top and bottom to prevent gas build up in the casing.

Question

What will the chemical composition of the Boraflex be after receiving the
design dose of irradiation?

Response

There will be little or no change in the chemical composition of the
Boraflex after receiving the design dose of irradiation.

Question

What is the melting temperature of the Boraflex in the unirradiated-
condition?

Response

The Boraflex material does not melt below 1000 F. At 1300 F the Boraflex
material begins to char.






16.

17.

18.

Question

Is the Boraflex going to be bonded to stainless steel? If so, what will
happen to this bond under the design dose of irradiation in conjunction
with the design number of thermal cycles?

Response

The Boraflex is not bonded to the stainless steel casing.

Question

What will the physical properties such as the density, the modulus of
rupture, and the compressive strength of the Boraflex be after it receives
the design dose of irradiation in the spent fuel pool?

Response

Tests performed to date at greater than the design dose indicate that the
only change in properties of the Boraflex after irradiation is an increase
in stiffness of the material. This change does not consititute a problem
with the material in regard to its function as a neutron absorber.

Question

Provide a detailed description of and the documented results of a proto-
typical experiment, which includes all significant aspects of the spent
fuel pool situation and environment, that shows that these Boraflex
plates will not become so brittle from irradiation in the spent fuel pool
that they could be broken up by the insertion and removal of fuel assem-
blies or by a safe shutdown earthquake at some time in the design life of
the spent fuel racks.

Response

A continuous program of irradiation of Boraflex is iIn progress at the
Phoenix Reactor of the University of Michigan. Various tests on Boraflex
to date, summarized in the attached "Boraflex 1 Suitability Report,"

No. 1047-1, have demonstrated that the material undergoes no significant
physical or chemical change when exposed to 2 x 1019 rads gamma irradi-
ation. Additional testing of the material is documented in the propri-
etary BISCO Procedure 748-~10, "Irradiation Studies of Neutron Shielding
Materials", a copy of which can be supplied on request.

The Boraflex material is fully supported in a double stainless steel can
that is vented at the top and bottom to allow any gas generated to escape.
The poison assembly is a complete unit that does not provide the bearing
surface for the spent fuel. The rack structure provides this . Any
distortion of the poison box assembly is contained in the slot within the
rack that it occupies. A distortion will not affect the fuel cell.

All the structural analyses performed on the poison design racks assumed
the poison material had zero strength and contributed nothing to the
strength of the rack.







19.

20.

Question

If the Boraflex is to be exposed to the pool water, state the maximum
percentage of boron oxide, ByO3, in the B4C. Since B303 is soluble in
water it will either be necessary to assume that this amount of boron
is leached from the Boraflex plates or to experimentally show that this
will not happen during the life of the racks.

Response

The 8203 content in the B4C is less than 0.75.

The Boraflex will be exposed to pool water, however, the silicone rubber
matrix of the Boraflex essentially coats the B4C and B,03 particles to
prevent the water from contacting it. A 4700 hour test at 240 F in
Borated water has shown no leaching to occur. Even if leaching should
occur, analysis shows this small decrease in Boron content would have
little effect on the rack k= (see figure 1).

Question

Describe the instrumentation and alarms on the spent fuel pool water
level and temperature or reference the location in the FSAR where
this description can be found.

Response

The level alarm system initiates when the water level in the spent fuel
pool falls to elevation 338 feet 0 inches. The level alarm annunciator

is located in the control room and on the spent fuel pool panel located

on elevation 281 feet of the reactor building. The spent fuel pool filtra-
tion system has a low pump suction trip alarm and a low flow alarm, both of
which would indicate low water level, The pump suction trip alarm and low
flow alarm annunciate on the spent fuel pool panel at elevation 281 feet
and the computer prints out an alarm in the control room. In addition,

the computer prints out an alarm when the water level falls to elevation
338 feet 0 inches.

The temperature alarm system annunciator is located on the fuel pool
panel on elevation 281 feet 0 inches, and a high fuel pool temperature
alarm is printed on the computer, In addition, there is a fuel pool
alarm in the control room which can be initiated by high temperature
or anyone of several other parameters. When the fuel pool alarm is
annunciated, it can be determined f£rom the computer printout which of
the parameters has caused the alarm, and action can be taken. The
temperature alarm system is set to initiate at 113 F.
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compounds whizh apnanr to have an effizct in inaireasing
the radiatbtion vasishantce of the material. Wrhe addition of
novron carhidle acts bo strengbhen the watvrix and stabilliza
) ik. ffhis ofinet s veported in "Iffects of Radiation o
’ Makerialas and Componanis” by Kivcuesr and Bownon.

N AMdéitionally, they v port on gas generation by bosen cacobids

nd =ilicona cla"“om..#. .

the ¥3-T poalymes exhibirs very good shosit-tonm exposuraes {0

strong aclidic aad basic solutions and the unfilied polymoer

< du extremely flaase retevdant with an ASTHE 84 flame spread

itndaex less than 10. MLt is cxpacked that

n

i £4lled wiith tho busoa cacbide thusse values will De

. inproved addiirionally.

-
-
e

Thae MS=-I nolymer conteins chamically bound bydyogen, cashon,

oxygen and silicone which will halyn o provide o modanating
Z20n@ Lo ImsTova ALsuzson capiure.  As evidena -t hy the Llong-

cavm radiaiion exposuse toshs, bhace are vary fow dspucitiocs
present which thus allow the matecial o have o caepld cool-

cdown aflter high wadintion exposure.
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on-Valatile Content, %
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Diuarometae, Shore

Surfacs Resishivity
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ASLURAY PROGRAM

ASH=-D-L054

MYTe~8=-7502

-

MiL-8-7502

ASTH-D=792 (A) .
ASTM D=22.10

AGUM D-4172 Die C
N=-412 Die C
H-624 Pie B
AST
ASTH D-150
AN D150
AR =257 .
ABRM 13=257

U.%. - 94
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Jobh 1647
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ATUACHNEINTYT LA
WHIERMAL AGING
o
Ly WS POLYANY 1 A
BESCO WEL POLYLER AT 177







@ « ATTACHMERT 1A
PHERMAL AGLNG OF BISCO NSI POLYMER AT 177°C

Job 1047
2-15-78
Pable IA

Dielectric

Ilours Duroneter Tensile Elongation stiength
7 Days RY 53 460 1l1¢ . 540
120 62 464 70
240 63 549 78
360 62 505 82
480 59 404 - 84 567
60O 59 486 - 100
720 63 522 88
. 840 61 510 ' 83
‘B 960 64 ’ . 490 78 560
1080 62 492 86
1200 61 479 88
1320 62 473 95
1440 62 381 78
1,560 63 378 84
1680 61 417 83
1800 60 397 79
1920 62 404 80
2040 62 ' 432 88
2160 63 393 85
2280 61 | 363 82












@ ' Job 1047
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ATTACHMENT 1B
THERMAL AGING

OF .
BISCO NSI POLYMER AT 190°C







¢

Houza

4080
4550
43C0
5040
51690

o
ki
n
v

THERMAL AGING OF BISCO. NSI POLYMER AT 120°C

——— gt e ep

63
65
67
63
64
64

Job 1047
2-15-78
: Dielectric

Teusile - Elongation Strenyith
272 63
263 70 §33
310 55
261 50
258 73 560
247 70
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ATTACHMENT 2
' BISCO NSt
C & d CONPENDS AND PHYSICAY, CONDITTOM

AFTER EEAT AGING






1=

4

Tpitial

monh

morths

iwonchs

nonLLS

APTACHMENT 2
BISCO NST

C AWD Il CONTENTS AND PHYSICAL CONDITION

AYTER HEAT AGILNG

4.6
17.5

no
change

4.3
17.3

no
change

L2,
17.4

1o
change

=
(9]
]

0°¢
4.3
17.4

b.4
17.6

no
change

4.5
17.4

no
change

4.0
17.0

no
change

4.6
17.4

no
chavge

4.3% 4
17.4% C

4.1
16.7

no
change

4.2
16.5

no
change

no
change

4.1
16.0

no
change

AL

T
YA

condition
YA

%C

condition
PA:
%G

condition

condition







yeno
J—JRUJ-S <

> avavmrwsan sume







v v e ' "
. - R ) w

brand industrial servlces, inc.
T 1420 renaissance drlve, park ridge, lllinols 60088, (312) 298-1200, telex 282—482

a subsldlary of brand msulatlons, inc. . .
. - ~ . R e . Fl & 1;' \ on
e e e e “ et S
. S .+ . goblod7 ' .

L= O

NPPACHHEEE 3
EFFECT OF RADIATLION
ON
BISCH NSI EXPOSER TO A

COBALT 60 SQOURCL
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‘D ) ) ALTACUMENT 3

EFFECT OF RADIATION ON BLSCO NSI

EXYOSED TO A COBALT 60 S

Dose Tensile Nlongation
L. Meusarads (PST)

OURCE

16 516
60 550
11 504

164 553

m 715 896

,—I

68
55
%0
38
23
3.3

Job 1047
2-15-78

Elastic

Modulug
750
938
1375
1326
2404
27,151

Samnle: 1M w1 Teonsile Bar pulled @ 10 inches/minute

Stress for
Doge 207, Compression

II. HMepavuds (BST)

0 19.
1& 206
63 396

119 652

486 2756 (shatitere

d)

(%)
Dynamic Comp. Set
___at 20% Comp.

2.5%
0
0
0

100

Saaple: 1.125" Dia = 1" thick button compiessed 20% 4 1 inch/min.
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ATCACTRERRY £

!

IRCADTATILON TESY
or
BISCO BORAFLEY TYPE X

27, LHD 507 B & C

‘II’ A.  SHORT TN Fart SUKE

' 1 EN ¢ . 2
3.5 bhws, 1677 i/em®, 1 X 10” Rads Gamma

LONG TEUM EXVOSURE

237 nre, 9 X 10% H/ems, 7 ¥ 10%Reds







THE UMIVERSITY OF MICHIGAM
PHOZNDD MEMORIAL LABORATORY
FORD MUCLEAR BZACTOR

ANM ARROHR, WMICHIGAM 43105

: December 2, 1975 ‘
es 8 N
H : I
-I
Wr. Jamzs Shacwvood :
Brund Inclusivia ! Sn.wx..o., inc. .

&30 Bennie Lan
Eik Grovz, H!

-..-
(%]

S .

Dear Jim:

I have enclosed the silicon = 50% B,C sample that we irradiared in March,
1976, As you may ramember, the rcx’dio::ci'ivi’ry conieni weas too high fo be
sent cariier. The jelsl mdloccnvn‘y is ahoul 1.85 microcuries of primarily
n=55 which is exams! from conitol. Thz aitached table lisis ihe radio~ .
iy vity coniani of the scmpl basad upon our anclysis. Also enclesed is a
copy of the original test data io refresh your memory.

\.

l\

Very iruiy yours,

v

I,Z.i-, N ’;]i, ./': 7-4 ':‘:""{- 'L L?.\__.._

‘Read R. Burn
Reacior Managar

encl.
RRB:]O")






Radioisotope

et e e s i e e

EFu 152
lv 177m -

Irrediation Dare:

BiSCO Siticon =50% B,C Semple

DIOISOTOPE CONTENT

13 yr.
161 d
42.44d
71.34d
312.5d
83.5d
44.6 d
243.7 d
5.272 yr,
115 d
2.601 yr.

Meren 31, 1976

Redioasiivity Measureraent Daie:

Vi

D zese P

Atiosk:

7.19 x 10"3
-5
4.59 % 107
4.97 % 107
-
] ]\)I '!f\ -
1

1.02 3 107
ey
1.i5%x 10
7.77 x 107"

1.85

o "2

3.68 »x 10
-3

1.61 x 10

=4,
3.00 x 10

Movember 24, 1976

L}

~.
\(— - (:) . -" Zernrs Jr
g / - , /' NSRRI L

/\ f’l" /:a((t. ~ Dakes

n-..~_....—.- e e e s e w e m —

Microcuries/ Gram

0

'T1.09 % ]0
6."95 X IO
7.53% 107
171 % 107
1643 1077
1,743 107°
1.18 % 1073
2.80 % 107!
5.58 x 107°
2.44x 107"

__I‘
A.55 % 107

fotot

——.-—.'-..- o







B1SCO Silicon - 8,C Saraples

N

Short Tarm Irrediarion

50% B4C Samples

. 29 BaC Sarmples

Unirradiaied Irrediated Unirradiatad lergatiared

Tozt Saquance (2 Noirch (I Noreh) __(2 Notch) (I Notch)
Is c:-ii‘:‘-:!d_i_t;‘.iion waicht (am) 5.3 5.3 _ 6.7 7.1

co=irradistion
Aansions (in) .

N 0.25% 0.257 0.273 0.773
L1 ™ 0.261 0.96] 0.773 0.2/2
0 ‘ T3 0.267 © 0,264 0.274 6.275
i, Wi 0.30% 0.310 0.318 0.315
ol V2 0.314 0.310 0.321 0.373
.l{ W3 0.320 0.318 0.298 0.328
® %,, L 3.014 _ 3.011 3.022 3.02%

e YU
2.8 Ho'w Irrediation
16

. Neutron Dose (N/ cmz) ———— 1.26 x 10~ e . 1 .
w Gommo Doze (Rads) S— LR 10— 1.05 5

.I\ ' -
. as Bvolution
Cytindar Pressure Buildup

Rate (PSY/ br) - — 0.2 [ 0.2

Post lrrediation Weight (gm) = [ 72— 7.0

’ .

Posk Irradiation

$3%mensions (in)

T1 - 0.258  eemee 0.270
T2 e 0.26% e 0.272
T3 - 0.265 e 0.275
W1 - 0.313 e 0.322
W2 ——— 0.312 e 0.340
V/3 S 0.318 e r 0.339
L — 3.011

e 3.027

inrduose (Durometer Type

Ag Tesier) 55 85 7 84 He

ﬂ\. N 2/ . [ -
[m Attesl: _(1_(,\:_\.‘,,{'). 4;7'-4 [ O R Date: “'/f' ) / //,






4

BISCO Silicon = 50% BaC Sumple

Long Terra lrradiation

Tast Sequence " 50% 8,4C Semple

Pro-lradiation Waight {om) 7.0

Pro- lrmdicx_:'_i_on Dime

nsiens (in)

P

237 Hour hradiarion

11

leuiron Dose (N/ cm?)
Gamraz Dose (Redls)

Cus Evolurion

8.53
7.11 %

0.271
0.272
0.274
0.317
0.308
G.316
3.020

Cylinder Pressure Buildup

Ratz (PS1/ hr) 0.2

Hydrogen (%) o 40.8

Oxygen (9%) 5.93

Nilrogen {%0) 33.7
19.5

Unknown (%)

Posi Irrexliarian Weight (gm) 6.6

Post irradiction Dimensions (in)

T1
T2
T3
Wi
W2
W3

L »

""‘“-:L.\)N

NV WLWWLWNNN
NSO~

O .,

w4t
Attest: SR 1L, 47 (A R0

Daie: '{;/’/- 7/
e/ e
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BISCO Silicon - 50% 8,C Sample

Long Term lrraciaiion

w Tast Sequence

Pre~lrredicrion Weiaht {gm)

Pra=~lrradiarion Dimensions (ir)
T1

f 72
< T3
Wi
L 7
w3

|
|
JLJ, L

237 Four Irrediation

Meutron Dose (IN/ cm2)
Gamma Dose (Rads)
Gus Evolulion

Cylinder Pressure Buildup

w Rate (PS1/hv)
‘ Hydrogen (%)

Oxtygen (%)
Niirogen {%)
Mzitane (95)

Posk irradiakion Weight (gm)

Po:t Irradiaiion Dimensions (in)

T1
T2
T3
Wi
W2
w3
L

Y /(’)

Y

50% B,C Sumple

(o]

7.

— LD
X X
—t o

S
VWb oo
NV oo

~ O
O N WY

0.262
0.262
0.264
.31
. 301
. 30%
.950

NoOoOOoOo

| )N
‘p Attost: f AN G_

/'i\
A Do

s e
12!

12./4

/

£

______ /

e _.’,
L
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APTACHMENT 5

GAMEA TRRADIATION

g e .






ATPACIIMENTE 5

10

Job 104
2

2-24=7

VA STATE UNIVERSITY

X1 S a1 -
wpwril 1, 19758 . GAMIA JRRADIATICHS Amaes, lowa 50011
- - ¢ - - ™
Woirk Gone for prand Jndustrial Services, Ine.
. Purpose; To determine offeet of gemma iryadiation on silicona rubber
compounds .
frradiation Facility - Gaams icradiclion Tacility, ALRR .

Tonal fosa Gesirad: Samolc Ho [rradiation Period: .
(’ ) 0 r - Lo 4 . b K
1.0 =% 107 rads 521=12 thru BRG6-17 3~3-76 to 3-21-76
---_—:-'.:':- lo ) . rradiation "0"'1' posc
O Container brredia ! e )
fdentification Location t.ega.ad.,

S GO O sheeks (2} -

froam cube 3:1 rotio
Fomm cubn 1:1 ratio

e 4o
o e

)

e ...,.,.-/
X Yo

CEXERY
K
NN

SAOw Light gxr.-'-/ siab R~
veweer . Pipe Filled with 100 ..
J - " «

relio mixtuce . 3 R-3

w5y Pipe Filled with 3:1 )
ratio mixture . I R-1:

SI7EeL 150 PCF blozk ¢ its /w,/zuv/ 5" pe5

BERLSE 250 POF bleck /7. 5 R=5

szt Ban Refractory barrvel. 5 Re5

SR A RS 1600 5 -5

.

107 .

105 :
105
105 - :

ST Yam CERA blaaket 6 k-6 105 :
FAETFE Glack slab ' 6 R~6 105 |
s/ rrese Therpon T-63  ° 6 . R-5 106
&S Fr Ty o L0V Tormulation 26/ /ft' 6 R-6 - 106 -
Gam dose maasurcnenic were made using Fricke Foerrous Sulfate Posimaters
orior to inil.i:n.nnc- the irradiztions and twice during the irradiation
period, U-:-ing these measuraments the irradiation times were adjusted
so that the winimuem exposure was 105 megarads.  This a]l(‘-'..'- Tor a 5
crror in determining the dose received, )
The o i-‘llf;"‘ in the physical characteristics of the samplas can be obierved. '
however, there 15 one characteristic thalt was noted, which was only

BRI 'n-. when Lhe saaple containers were openad all the end
fation po Er>r§. This che s 15 the obvious gaperation of
Liwe ireadintion. 16 was nepacent i all i -'nn'-"i! I
BElicon compnundn.  This ey be the resuit of high gy
Lhwe wieihone radiannl From the silicon.,

of the irrads
gas diting

e,
i

icit held

P
GRILAGA GLrInping:
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Yenperature Bowatad Wacow
Exposuice on BISCO

Boraflex I Neutron Shielding dMakaxials

proeprred by:
J. 8. Anderson .

‘techinicol Directox
Broeng Industeial Serwvicoes, fnc.

Apuril 25, 1978







O

A_PRELIMINARY REPORT ON WHE EFFECYS OF

HIGH CEHPERATURE BORATED WATER EXLOSURE
.

RESCO BORAFLEX X MEULTR

M SIIELDIN

G Liaw

-

L

-
LIALS

O

Abstx

act

ampleaes of BIBCO Boraflex T

0

187]

water soluwtioun fox a pevio

to allow eoxamination of the

3

on the phvsical propexrties of the Bora

The borated solution consisted of 3,000 parts per million

boron in the form of bhoric a

9.5. A constaat temperature of 2400F was maintained in

a pressurce bomb type test ve

cid, and was ph adjusted by

ssal.

»

Tlex.

Measuxemert of <the physical characteristics

after 199 days of test ezpos

decrease hased on the measurenent of the long s:

ure indica

do « y
oo a di

the oddition of sodium hydroxide 6o a range of 2.0 to

the sawple picecce of 0.932 and an average incroas? of

mass of the test samples of

The gas evolution of Borafle

test conditions with a total

0.24%.

X nLowas measunad

of 4.9 ¢

ubic

indaxr the

ipohas

of ¢as

AT
Py T

T g
LY






i

V,,‘ L

age 2 3
° -

:

:

:

-

<

2 ",

at SY¥» heing generated per sguare inch of sample surface .

area over the entire test period. A diminishing gas
evolutiion trend was .detected, as evidenced by the fact

that 36.3% €0 “the total gas was evolved during the first
3]

warelnr o

I

C the test period.

$oa

‘

This repoxt constitutes preliminary findings of a test
still in progrese. A final roport will be issued with

L

additional vhysical properity mecasurcments on completion

Gengral

RISCO Boraflex £ neutron shielding material was developed
for application as a poison in high density spent fuel

stoxage rocks. 'The comgosiulon is based on the combination
of a higﬁly stable silicone elastomer, with o bhoxon con-
taining filler in the form of boron carbidc. The bhorxon
concentration in Boraflex I can be varied ovex a broad
xange; however, the sample chosan forxr specific testing

Yo S’

represents a boron carbide fill of 50% by weight.

The test conditions sclected simulaie thosne cxpecied .
in a PWR spent fuel pool, under accident conditions

-

that is, & horated water pool reaching a mwaximun temperature

N

N







£a

Poge 3

of 240°#. Whe test length was originally scbt at 30

ays; howaver, has been extoendoed indoefinitely to allow

continuous long tex monitox on the aeffects of that tes

environment on the physical characteristics of the matexial.

I addition to the physical charactoristics, gas evolution

o7 the RBoraflex samples was monitored to determine what

effecus that gas ovolution iay have on design cons-

siderxations of the storxage xrack.

All tests were performed abt Terxxalab, Salt Lake City

Utal, a federally qualified laboratory, DPSA Wo. 185C0.

Test Procedure

A high pressure test device was coustructed, as shown
in Figures 1 through 2, which contained the £ollowing

funciional diviaions.

n

L. A temperxature controlled pressurized sample
cnclosure which would maintain tae test
environment throughout the duration of the

test pexriod.

2. A water column separator systom whicihh would

i

allow separation of evolved gases froi the
test chamber while maintaining the pressure

and tenperacure reguirements in thae chamsbor.

~ean

)

W ntony o
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3. An cvolwved gos cellection area inclading &
sampla point o allow foxr paricdic chamical

analysis.

4. ‘'fhe necaessary instrumentation to allow
maintenance and measurement of the test

env.ironment.

The test equipment was constructed and wmaintainoed at

the terralab, Salt Lake City, Laboratory facility.

Six Boraflexz I test samples were pirepared,. cach saiple
being approximately 10.5" x 3.5" x 0.2060" thick, and
wore manufacturced accoxding to BISCO standaxrd manu-

facturing precedures for PBoraflex T.

Priox to the initiation of the test, the following
physical proparties of each sawple were nmeasuraed and
rccorded.

1. Weight

2. Surface Aved

3. Volumno

»
.

4. Dimensions between reforence poines

5. Specific Gravity

3
:
H
=
)
:
Y
4

-






Page 5

The tost environment consiched of a borated water
containing 17,300 parks por willion of boric acid
(1i3k03) , equivalent: o 3,000 parts per million o
boron in watex. Sodium hydroxide (MaOh) was added
in sufficient guantity to contxol a ph between the
range of 9.0 and ¢.5. ©The borxated watexr was main-
Ny

cained at a consitant 2409 and a minimum. pressure

of 10.2 »SIG.

The test sanples were loaded into the pressure test
champexr, in such a manner as to.assure complete
subwoersion of the samplgs at 2ll times throughout
the test. Pressure and temperature waere mondtored

continueously to define any deviation from test

This taesnt repoxrt covers the initial pexiod of 0 to

-

99 daye, equivalent to 4,776 hours. The test was

continuous except for thosz instances whate the

samples wexe withdrawn. for xe-cvaluation of physical

pacametors.

Pest Resulis

aach of the si

T
ad

Initial physical neasurcuents o
of Doraflex I was nade priox bto the initiation of the

axpooura tests and ave Jicloed iu table f.

= samplos

I

At etee
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CABLE ¥
Initial Boraflex X Sample Physical Moasuremonts
SAMPLE #  DIMINSTONS (inches)  MASS (grams) LRSI (1b/ftS

1 JO.8 x 3.6 x 0.218 - 255,41 114.695
2 1.3 = 3.6 =% 0.218 255.58 114.771
3 10.8 x 3.6 x 0.220C 257.13 1i4.417

4 10.8 x 3.6 »x 0.217 254,19 114.673

5.42 114,730

(61}

5 10.8 » 3.6 x 0.218 2

114,453

o 10.8 x 3.6 x 0.220

N
(1]
~3
N

(&1 ]

Avesage 10.8 x 3.6 x 0.219 255.84 114.623

The sample nass was 1535.04 trams (2.381bs.) and total

sample surface avea was 3254.33 Ci” (H04.5 in.%).

’

Physical p;opexties of the Boraflex samples were
noasured at intexvals of 40, 80, 150 and 199 cays.

A

Thosa measuvenenit intervals represent the only

intexruption of the continvous teast axposura sequence.
The fiollowing tablaes indicate the change of dimensional

and weight charactexistics ot thc poraflex I test
specinaens ai: the measurcnent 1nLcrvalo. The dimensionat
stability shown in %able II is representstive of the
dimonsional. change in cach plance howoevey may bhe soswewhat
overstated due to the measurcement. accurancy limitabtion:
on length and width parameters. Thickness of the samples
decrecasad ovarw she 199 day tesit poeriod Lrom 0.000 inchasn

to 0.0602 inches. No indication of

- I3 . ¥
chiglinass Ineraass: winy

*
¥
4
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A

Density Stability of Boraflex I (% Changoe £rom Oxiginal)

SAHPYEE 40 days

80 days

i +0.82%

=
ot
=
.
Y
\..

5 +l.21

+0.32

[}

Average +0.69%

+1.060%

+L. L
+2.00
41,23
+1.59
-0.0¢

+1.25%

+1.93
+1.06
+1 .42

+1.07

+L.54%

+5.273%
+5.2L
+4.65
+4£.1.90
+& .10

+4£.30

14.62¢

Gux evolution of the Boraflex I samples was continuourly

monitored as deoscribed in the test procedures and

rueported in  the following tables:

Accumulaiied gas volume evolved (Cubile inches per Sg. In.

of sample area)

TIME (ggys)

40

50

eo
10¢C .
150

129

TOTAL EVOLVED GhS (ind/in?)

e
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TEABRLE VE

Boxaflex T

‘Rate of gas evolution as a function of time

GAS BEVOLUTLION RALE FACTK OR
(3 _of total) {3 evolubion/s time)

20% 30.2%

el
L]

[$11
Tt

[\
wm

25 36.3 Co1.4

~
o
n
v
(93
{

1]

W
(83

50

O O
RS
g
—d
N
[#9)

75°
1.00% _ 1.00%

3

furthor guanified

.
'
Ve

The decreasing gas evoltuion rate tirend

by the following summary:

3/{p.2)

Time_undex test Svolution nate/day (in.

40 days 2.

-2
x 10 -
-2

w
3]
4

10

(o))

U
(]
]

¢ days 2.

150 aays . 1.68 x 1077 ‘
199 aays 1.20 % 1072

Complete compositional. analysis of the cvolved éases will not
ha corpleted until the termination of tho test poeriod.  liowevoer:,
prelirinary studies show those goses to boa primnwily Hydwvoegen,
fethane, Bthaao, and Carbon Dionide. o ratio of thoue gasoh
dexived from the Roxaflex I versus thosa doerived fraam thae

borated watoer dissocination or recombinabtion hss nob yvot been

catorained.

sz A e
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ATTACHMENT 8
NEUTRON & GAMMA
Attenuation tables for

various Boroflex compounds.






BISCO sAMp L ,a Tty MLASUREMENT

A
e BT

VT In (I/A)

X
Altenuation Mes:suremenl-s
Sample Sample Mewtisa « 0,55 eV Gamma 1.2 MeV
Identification Description Altencetion, |Thickaess, [ Attenuation | Attenuation, | Thickness, | Attenuation
A [ Factor, p A T Facter, p
(i) (in-1) (in) (in-1)
6 -1 6% B,C L1248 240 8.48
6-2 6% B4C . 1284 240 8.54
6-3 6% B4C 1348 .240 8.34
10/100 - G 10% B4C, < 100 mesh 3202 270 4.23
25/100 - O 25% B4C, < 100 mesh .0398 (135 23.88
40.6/100 - A 40.6% B,C, < 100 mesh .0069 135 36.89
40.6/100 - B 40.6% B,4C, < 100 mesh .0086 .135 35.22
40/220 - E 40% B4C, < 220 mesh .0041 135 40,77
40/220 - F 40% B4C, < 220 mesh ,0073 125 39.38
60/100 - C 60% B4C, < 100 mesh .0033 135 42,41 >
60/100 - D 60% B4C, < 100 mesh 0054 120 43,52 5
SF1501/158.6 “ .2306 525 2.79 797 525 432 %
1431L/60 - 1 1852 ,570 2,9 .803 .570 .335 :
1431L/60 -2 .2098 .525 2,97 - . 802 525 .420 ®
176.71LL - 3 .2462 540 2.59 772 540 479 )
176.71LL - 4 2957 475 2.56 791 475 403 | =
Equctions: Attenuation Transmitted Beam/ Incident Beam ;g

;‘”ﬂ::"'ﬂ}‘ ' 'ﬂl"“i:r e







THE UNIVERSITY OF MICRIGAN
PHOENIX MEMORIAL LABQRATO
FORD NUCLEAR REACTOR

ANN ARBOR, MICHIGAN 4381

\" o d

April 8, 1977

Mr. Jim Sherwood

Brand Indusirial Services, Inc.

630 Bonnie Lane

Elk Grove Villcge, lllincis 60007

Dear Jim:

Enclosed is a neuiron and gamma attenuation table for the samples you provided.
Values of the aitenuation factor, u, give relative abilities fo affenuate neuirons
and gammas. '

You can plug into the formula
A=et T \

to calculate attenuation, A, for a given thickness, T, or the formula

T=1/p In (I/A)

fo caleculate the thickness required to provide a desired ottenuation.

. Sincerely,

\
B’&S” b%%v\,. )
Reed R. Burn
Reactor Manager

Enclosure

RRB:jab

Wt oA oy
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ATTACHMENT 9

The Effect of Combined
Gamma and Neutron Radiation
on the Hydrogen Content of

BISCO NS~II

G Neutron Shielding Material
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ATTACHMENT 10
The Reactor Cavity Annular
Gap Shield Design = Using
NS II Material at Arkansas
Nuclear One Unit Two

BISCO Project #1006-6G0
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Attachment 1047

Warrantz

BISCO warrants to the purchaser that the work provided
under this contract will be free from defects in mater-
ial, workmanship, and title, and will meet the specifi-
cations contained in the Contract of Sale.

BISCO shall be responsible for any repairs or replace-
ment caused by defective materials or workmanship which
shall become necessary during a period of one year from
and after the date of initial acceptance of the work by
this contract. If certain portions are shown to be
defective within the original warranty period, then the
warranty period on the repaired portion shall be extended
one year from and after such time that all defects are
corrected.

If any repairs or replacements are necessary, BISCO will
undertake, with due diligence, to make the aforesaid
repairs or replacements within 10 days after receiving
written notice that such repairs or replacements are
reguired. If BISCO should fail to begin such repairs

or replacements within this period, or in the case of
emergency wherein, in the judgment of the purchaser,
delay would cause serious loss or damage, the repairs
and/or replacements may be made by the purchaser and
charged to BISCO, provided the’ purchaser obtains BISCO's
prior written consent.

The guarantee furnished hereinby BISCO will be rendered
void if the work is damaged by others, or if it is sub-
jected to improper operation or temperatures. If and
when' the above condition occurs, repairs will be provided
by BISCO under the -normal unit cost provisions for time
and material, and only after the rework is accepted by
the customer and paid for, will BISCO extend a warranty
on the products and services.

Correction of non~conformities of the materials and ser-
vices provided by BISCO under this contract shall con-
stitute the entire liability of BISCO with respect to
such work, whether in contract, tort, or otherwise,
unless otherwise agreed to and expressly provided in
this contract.

THE WARRANTY FURNISHED BY BRAND IN THIS ARTICLE IS
EXCLUSIVE AND IN LIEU OF ALL OTHER WARRANTIES (INCLUDING
ANY IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS OF
PURPOSE) , EXCEPT THAT OF TITLE, WHETHER WRITTEN, ORAL,
OR IMPLIES, IN FACT OR IN LAW.
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