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Table 2.7.6. Sample Material Report for Inconel X-750 from LWR Assemblies Database

Radiological Report (Curies)
for
Inconel X-750
Boiling Water Reactor - In Core Zone
Standard Burnup (30000 MWd) - 15 Years After Discharge

Isotope Curies
(Values are per kg of irradiated material)

C 14 2.226E-02 _
FE 55 9.179E-01 ]
CO 60 1.314E+02 =
NI 59 2.726E-01
NI 63 4.055E+01 z
NB 94 1.706E-02 -
TC 99 3.058E-14 ;
TOTAL 1.733E+02 =

s

|
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Table 2.7.7. Sample SFD Hardware Radiological Report from LWR Assemblies Database

Radiological Report Page 1
for GE BWR/4-6 8 X 8 Prepres.
Boiling Water Reactor
Standard Burnup (30000 Mwd) - 15 Years After Dlscharge

T. TIE PLATE (Top Zone)
Weight: 2.10 Kg; Material(s): St.Steel 304(100.0%)

C 14 4.670E-03
FE 55 1.105E+00
CO 60 3.415E+00
NI 59 7.066E-03
NI 63 1.051E+00
NB 94 3.987E-05
Totals 5.583E+4+00

SPACER-INCORE (In Core Zone)
Weight: 2.31 Kg; Material(s): Zircaloy-4(85.7%), Inconel X-750(14.3%)

C 14 1.004E-02
FE 55 3.358E-01
CO 60 4.372E+401
NI 59 8.985E-02
NI 63 1.337E+401
SR 90 1.262E-05
ZR 93 2.362E-03
NB 93M 1.293E-03
NB 94 6.075E-03
TC 99 5.638E-08
SN121M 3.946E-03
SB125 3.053E-01
TE125M 7.446E-02

I129 1.856E-16
Totals 5.792E+401

WATER ROD (In Core Zone)
Weight: 1.88 Kg; Material(s): Zircaloy-2(100.0%)

C 14 2.576E-03
FE 55 2.163E-02
CO 60 3.796E-01
NI 59 3.550E-04
NI 63 5.288E-02

*For St.Steel, radiological characteristics are based on St.Steel 304.
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Table 2.7.7 (continued)

aftygq

Radiological Report (continued) Page 2
for GE BWR/4-6 8 X 8 Prepres.
Boiling Water Reactor
Standard Burnup (30000 MWd) - 15 Years After Discharge

WATER ROD (In Core 2Zone)
Weight: 1.88 Kg; Material(s): Zircaloy-2(100.0%)

I

SR 90 1.201E-05 -
ZR 93 2.248E-03 =
NB 93M 1.231E-03 =
NB 94 4.288E-04 3
TC 99 5.369E-08 %
SN1l21M 3.755E-03 :
SB125 2.905E-01 3
TE125M 7.087E-02 I
I129 1.767E-16
Totals 8.261E-01

B. TIE PLATE (Bottom Zone)
Weight: 4.67 Kg; Material(s): St.Steel 304(100.0%)

i i i A Rl Bk | 3

C 14 1.559E-02

FE 55 3.680E+00

CO 60 1.140E+01

NI 59 2.359E-02

NI 63 3.510E+00

NB 94 1.331E-04

Totals 1.864E+01
FINGER SPRINGS (Bottom Zone) 3
Weight: 0.05 Kg; Material(s): Inconel X-750(100.0%) =

C 14 1.603E-04

FE 55 6.609E-03

CO 60 9.464E-01

NI 59 1.962E-03

NI 63 2.920E-01

NB 94 1.229E-04

TC 99 2.202E-16

Totals 1.247E+00

*For St.Steel, radiological characteristics are based on St.Steel 304.

A D
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Table 2.7.7 (continued)

Spent Fuel Disassembly Hardware Page 3
for
GE BWR/4-6 8 X 8 Prepres.
Top Zone Units are Curies
Weight: 2.10 Kkg. Standard Burnup (30000 MWwWd)
Reduced Volume: 0.0002616 cu m. 15 Years After Discharge

Totals by isotope for Top Zone:

Isotope Curies Curies/kg Curies/cu m
C 14 4.670E-03 2.226E-03 1.785E+01
FE 55 1.105E+00 5.267E-01 4.224E+03
CO 60 3.415E+00 1.628E+00 1.305E+04
NI 59 7.066E-03 3.368E-03 2.701E+01
NI 63 1.051E+00 5.010E-01 4.018E+03
NB 94 3.987E-05 1.900E-05 1.524E-01

Class C Limit calculations:

Isotope Curies/cu m Class C Limit Ratio

C 14 1.785E+01 80.00 0.22
NI 59 2.701E+01 200.00 0.14
NB 94 1.524E-01 0.20 0.76
NI 63 4.018E+03 7000.00 0.57
Totals 1.69

Curies in Top Zone by Material:
St.Steel 304
5.583E+00

Top Zone Totals:
in Curies Curies/kg Curies/cu m
5.583E+00 2.661E+00 2.134E+04
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Table 2.7.7 (continued)

Spent Fuel Disassembly Hardware
for
GE BWR/4-6 8 X 8 Prepres.

Page 4

Units are Curies
Standard Burnup (30000 MwAd)
15 Years After Discharge

In Core Zone
Weight: 4.19 kg.
Reduced Volume: 0.0006274 cu m.

Totals by isotope for In Core Zone:

Isotope Curies Curies/kg Curies/cu m

C 14 1.262E-02 3.016E-03 2.011E+01 -
FE 55 3.574E-01 8.540E-02 5.696E+02 =
CO 60 4.410E+01 1.054E+01 7.029E+04 i
NI 59 9.020E-02 2.155E-02  1.438E+02 3
NI 63 1.342E+01 3.207E+00 2.139E+04 3
SR 90 2.463E-05 5.885E-06 3.926E-02 e
ZR 93 4.610E-03 1.102E-03 7.348E+00 -
NB 93M 2.524E-03 6.031E-04 4.023E+00 H
NB 94 6.504E-03 1.554E-03 1.037E+01 5
TC 99 1.101E-07 2.631E-08 1.755E-04
SN121M 7.701E-03 1.840E-03 1.227E+01

SB125 5.958E-01 1.424E-01 9.496E+02
TE125M 1.453E-01 3.472E-02 2.316E+02

I129 3.623E-16 8.657E-17 5.774E-13

Class C Limit Calculations:

Isotope Curies/cu m Class C Linmit Ratio -
C 14 2.011E+01 80.00 0.25 -
NI 59 1.438E+02 200.00 0.72 7
NB 94 1.037E+01 0.20 51.83 N
TC 99 1.755E-04 3.00 < 0.01 :
NI 63 2.139E+04 7000.00 3.06 !
SR 90 3.926E-02 7000.00 < 0.01 K
1129 5.774E-13 0.08 < 0.01
Totals 55.86 N

b

Curies in In Core Zone by Material:

Zircaloy-2 Zircaloy-4 Inconel X-750
8.261E-01 8.237E-01 5.710E+01
In Core Zone Totals:
in cCuries Curies/kg Curies/cu m
5.875E+01 1.404E+01 9.364E+04
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Table 2.7.7 (continued)

Bottom Zone
Weight: 4.72 kg
Reduced Volume:

0

Spent Fuel Disassembly Hardware

for

GE BWR/4-6 8 X 8 Prepres.

.0005881 cu m.

Totals by isotope for Bottom Zone:

Isotope Curies

C
FE
co
NI
NI
NB
TC

14
55
60
59
63
94
99

1.575E-02
3.697E+00
1.235E+01
2.555E-02
3.802E+00
2.560E-04
2.202E-16

Class C Limit calculations:

Isotop

C 14
NI 59
NB 94
TC 99
NI 63

Total

e

S

Curies/cu

.678E+01
.345E+01
.353E-01
.744E-13
.465E+03

O Wbk BN

Curies/kg
3.338E-03
7.836E-01
2.618E+00
5.415E-03
8.058E-01
5.426E-05
4.667E-17

Page 5

Units are Curies
Standard Burnup (30000 MWwWd)
15 Years After Discharge

Curies/cu m

W DOV

.678E+01
.287E+03
.100E+04
.345E+01
.465E+03
.353E-01
.744E-13

m Class C Limit Rat

80.
200.
0.

3.
7000.

Curies in Bottom Zone by Material:

Inconel X-750

1.247E+00 1.86

Bottom Zone Totals:
in Curies

1.989E+

01

St.Steel 304

4E+01

Curies/kg
4.215E+00

00
00
20
00
00

OCONOO

(W]

io

.33
.22
.18
.01
.92

.65

Curies/cu m
3.382E+04
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Table 2.7.7 (continued)

Spent Fuel Disassembly Hardware
for
GE BWR/4-6 8 X 8 Prepres.

Page 6

Units are Curies
Standard Burnup (30000 Mwd)
15 Years After Discharge

All Zones
Weight: 11.00 kg.
Reduced Volume: 0.0014771 cu m.

Totals by isotope for All Zones: ' .

Isotope Curies Curies/kg Curies/cu m _ .
C 14 3.304E-02 3.003E-03 2.237E+01 -
FE 55 5.160E+00 4.690E-01 3.493E+03 .
CO 60 5.987E+01 5.442E+00 4.053E+04 |
NI 59 1.229E-01 1.117E-02 8.320E+01 =
NI 63 1.827E+01 1.661E+00 1.237E+04 i
SR 90 2.463E-05 2.239E-06 1.667E-02
ZR 93 4.610E-03 4.191E-04 3.121E+4+00
NB 94 6.800E-03 6.181E-04 4.604E+00
NB 93M 2.524E-03 2.294E-04 1.709E+00 =
TC 99 1.101E-07 1.001E-08 7.454E-05 =
SN121M 7.701E-03 7.000E-04 5.214E+00
SB125 5.958E-01 5.416E-02 4.034E+02
TE125M 1.453E-01 1.321E-02 9.837E+01
I129 3.623E-16 3.293E-17 2.453E-13 2

Class C Limit Calculations:

Isotope Curies/cu m Class C Limit Ratio
C 14 2.237E+01 80.00 0.28
NI 59 8.320E+01 200.00 0.42
NB 94 4.604E+00 0.20 23.02
TC 99 7.454E-05 3.00 < 0.01
NI 63 1.237E+04 7000.00 1.77
SR 90 1.667E-02 7000.00 < 0.01
I129 2.453E-13 0.08 < 0.01
Totals 25.48

Curies in All Zones by Material:

Zircaloy-2 Zircaloy-4 Inconel X-750 St.Steel 304

8.261E-01 8.237E-01 5.835E+01 2.422E+01 ;

All Zones Totals: 7 |
in Curies Curies/kg Curies/cu m ;
8.422E+01 7.656E+00 5.702E+04 !




28 NON-FUEL ASSEMBLY HARDWARE

28.1 Overview

According to the standard contract between the
Department of Energy and the nuclear utilities, "Nonfuel
components including, but not limited to control spiders,
burnable poison rod assemblies, control rod elements,
thimble plugs, fission chambers, and primary and
secondary neutron sources, that are contained within the
fuel assembly, or BWR channels that are an integral part
of the fuel assembly, which do not require special
handling, may be included as part of the spent nuclear
fuel delivered for disposal pursuant to this contract.” (10
CFR 961). Nonfuel components by themselves (apart
from fuel assemblies) are classified as nonstandard fuel
class NS-2:  Nonfuel Components. Fuel assemblies
containing nonfuel components are classified as standard
fuel Class S-1 or S-2 if the dimensions are less than the
maximum nominal physical dimensions. If these
dimensions are exceeded, these assemblies are classified
as nonstandard fuel Class NS-1: Physical Dimensions.
Nonfuel components other than fuel channels are
generally used within or between assemblies but are not
permanently attached to an assembly. In addition, these
nonfuel components arc usually retired from service on a
schedule that is different from that of the fuel assemblies.
For this reason, they are characicrized separately from
assemblies (and spent fuel disassembly hardware) and are
called non-fuel assembly (NFA) hardware.

This section describes the functions of NFA
hardware, the physical characteristics of NFA hardware,
estimates the quantities to be disposed of, and discusses
the radiological characteristics of thesec wastes. The
calculation of their radiological properties requires
procedures tailored to suit the various cases.

Broad descriptions of the physical characteristics of
NFA hardware, segregated according to a classification
scheme developed for the Energy Information
Administration (Moore 1991b), are given in this section.
This information is primarily taken from vendor-supplied
data for PWRs and supplemented by information from
the Federal Docket for BWRs. Detailed physical
characterization of these components is given in the NFA
Hardware PC Data Base. Table 2.8.1 gives an example
of a physical description report from this data base.

The amount of NFA hardware the Civilian
Radioactive Waste Management System (CRWMS) will
accept is not well-defined at this time. Only limited
information on the usage and replacement rates for NFA
hardware is available and many unresolved questions exist.
Al least some NFA hardware has been, and is being,
disposed of as low-level waste, relieving the CRWMS of
the responsibilily for these wastes. In this report,
estimates of NFA hardware usage are developed based on
vendor descriptions and information contained in the
Federal Dockel. These estimates are compared with
information collected from the reactor operators by the
Edison Clectric Institute (Farrell 1990).

2.8-1

Because NFA hardware may remain in the reactor
for many cytles and because more neutron flux zones are
involved, radiological characterization of the NFA
hardware requires a more flexible methodology than that
used for SFD hardware. A method for estimating the
radiological properties of NFA hardware, based on the
application of previously calculated zone factors (Luksic
1989) to ORIGEN2? data, is presented. Experimental
measurements of the radiological characteristics of NFA
hardware are currently ongoing at Pacific Northwest
Laboratories and will be used for a future revision.

Other acceptable methods of characterizing the
radiological properties of NFA Hardware exist. A
common method is using the ORIGEN2 code 1o
determine a fractional isptope mix for a particular set of
NFA Hardware. A shielding code is used to calculate a
dose rate based on the isotope mix. This dose rate is
compared to the actual dose rate and the radiological
properties of the isotope mix are adjusted to match the
actual dose rate. This method has been widely used and
accepted to qualify wastes for disposal as LLW.

282 Functions of NFA Hardware Components

This subscction describes the functions of various
types of NFA hardware. In commercial LWRs, NFA
hardware components are used for the initiation,
monitoring, limitation, and control of the nuclear chain
reaction within the reactor core, or to direct coolant flow
through the reactor.

In BWRs, fucl channels are used to control the flow
of water through the core. The fuel channel "(1) forms
the fuel bundle flow path outer periphery for bundle
coolant flow, (2) provides surfaces for control rod
guidance into the reactor core, (3) provides structural
stiffness to the fuel bundle . . ., (4) minimizes . . . coolant
bypass flow at the channellower tieplate interface, (5)
transmits fuel asscmbly seismic loadings to the top guide
and fuel support of the core internal structures, (6)
provides a heat sink during loss-of-coolant accident
(LOCA), and (7) provides a stagnation envelope for in-
core fuel sipping.” (GE 1986)

In PWRs, thimbic plug assemblics (TP As), or orifice
rod asscmblics (OR As), are inserted into the guide tubes
of fuel assemblies, effectively blocking the flow of eoolant
through empty guide tubes, where it is nol needed.

Primary and sccondary ncutron sources provide a
base source of neutrons to initiale the nuclear chain
reaction. Primary ncutron sources are typically polonium-
or plutonium-beryllium alloys, which produce neutrons via
an (a,n) reaction on the Be, or californium, which
produces neutrons via spontancous fission. Secondary
neutron sources are typically antimony-beryllium alloys,
which produce neutrons from a (y,n) reaction on the Be.
Neutron activation of the natural antimony produces
antimony isotopes which are strong gamma emitlers.
Thesc wastes should be a minor contributor 1o NFA
Hardware quantitics. In the core, PWR neutron sources
asscmblies (NSAs) are placed within the guide tubes of
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assemblies; BWR neutron sources are placed between
fuel assemblies. Because they are used incore, neutron
sources are likely to be highly activated.

In-core instrumentation (INST) is used to monitor
the neutron flux within the core. In BWRs,
instrumentation is typically inserted between fuel channels,
away from the locations of the cruciforms. In PWRs,
instrumentation is inserted into an instrument tube in the
fuel assembly. This instrument tube is typically in the
center of the fuel assembly. It resembles a guide tube,
although it is typically slightly larger. Instrumentation
consists of some sort of ncutron detector (typicaily U or
rhodium) and the associated electronics required to
process and (ransmit a signal to monitoring devices
outside the reactor vessel. Instrumentation will probably
be a minor contributor to NFA hardware quantities. The
detectors/emitters on these picces of hardware may be
highly activated. The long lead wires of these components
are outside the core zone and are far less activated,
because they are a single unit, the averaging rule can be
applied and the detectors are buried as LLW.

BWR control rod blades (CRBs) or cruciforms and
PWR control rod assemblics (CRAs) provide control over
the nuclear chain reaction by limiting the number of
neutrons (both fast and thermal) in the core. Made of
strongly neutron absorbing materials, such as boron
carbide, hafnium, or a silver-indium-cadmium alloy, and
attached to control rod/blade drives, cruciforms and
control rods are inserted into the reactor core at planned
shutdowns and during scrams. Because they are used to
control the power level during cycles and are also
attached to control rod drives, axial powcr shaping
asscmblics (APSAs) (used only in B&W 15 X 15 Class
reactors) arc included with control elements. Control
elements may also be partially inserted into the core
region to provide additional reactivity control during
power operation. All commercial BWRs in this country
use CRBs inserted from below as their primary means of
reactivity control. Most PWRs use CRAs designed to fit
into the guide tubes of fuel assemblies; these are inseried
from above. Three PWRs - Indian Point 1, Palisades,
and Yankee Rowe - use(d) cruciforms for reactivity
control, inserted from below. Nearly all PWR CRAs are
designed to fit into the guide tubes of a single assembly.
However, twelve-clement Control Elemem Assemblies
(CEAs) for CE’s SYSTEM 80 reactors fit into the guide
tubes of five assemblies. Control clements may contribute
significantly to the volume of NFA hardware waste.
Because they are used incore, they are highly activated.
Some CRB's are Greater Than Class C wastes, although
a significant quantity of CRB’s have been buried as LLW.

Burnable absorber asscmblies (BAAs) are inserted
and locked into the guide tubes of PWR fucl assemblies
to provide additional reactivity control. Both borosilicate
glass and a boron carbide/aluminum oxide mixture have
been utilized as the absorber for these assemblies.
Because these absorbing materials are rapidly depleted,
BAAs are useful in limiting power output in the higher-
enriched assemblies that are now being placed into

service. Currently, new absorber assemblies are typically
used each cycle. As a result, these assemblies will be a
large contributor to the volume of NFA hardware waste.
Some newer fuel assemblies include integral burnable
absorbers (gadolinia or zirconium diboride) in the fuel
rods in place of NFA burnable absorber. Because of this,
the use of burnable absorber assemblies varies greatly
from utility to utility, depending on the fuel vendor and
the utility fuel management strategy. Because they are
used in the core of the reactor, their levels of neutron
activation are high.

283 Physical Descriptions of NFA Hardware

In 1986, information was obtained from Babcock &
Wilcox (Cooper 1986), Combustion Engineering (Flayduk
1987), and Westinghouse (Weslinghouse 1986)
concerning the descriptions of the fuel assemblies and
NFA hardware they had manufactured. These responses
were used in the preparation of the original
Characteristics Data Base (DOE 1987). This information
remains the best general description of NFA hardware,
although it has now been supplemented by information
from the Federal Docket and the open literature, as well
as an increased understanding of fuels and hardware
usage. Information on the physical descriptions of NFA
hardware for GE reactors is taken exclusively from the
Docket and reports available in the open literature. The
descriptions that follow are classified on the basis on
assembly class, as defined in Section 2.2.

28.3.1 Babcock & Wilcax Reactors

Babcock & Wilcox (B&W) is the nuclear stcam
supply system (NSSS) vendor for three assembly classes:
B&W 15 X 15, B&W 17 X 17, and Indian Point 1.
Descriptions of NFA hardware from thcse assembly
classes follow.

B&W 15 X 15 Class Reactors

Control rod asscmblics for B&W 15 X 15 Class
rcactors consist of 16 individual rods with their upper
ends fastened 10 a spider assembly. The control rod drive
mechanism engages the spider assembly to withdraw and
position the CRA. The spider assembly consists of 7
pounds of CF3M, 304, and 316 stainless steels. The
control rods are about 13 feet long and 0.440 inch in
diameter and the cladding is 304 stainless steel with 304
or 308 stainless steel end plugs. The thickness is not
given, but the weight of the 16 tubes with lower end plugs
is 18.4 pounds. The nuts, upper end plugs, and spring
spacers weight 7.5 pounds. The Ag-In-Cd alloy weighs 95
pounds, and the total weight of the assembly is 130
pounds. B&W reactors use 61 CRAs in the core.

Axial power shaping asscmblics have a similar spider
asscmbly that weighs 7.8 pounds. The rods for these
assemblies are the same length and diameter as control
rods and use 304 stainless steel for cladding, whereas end
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plugs, intermediate plugs, and nuts may be 304 or 308
stainless steel. The stainless steel parts, excluding the
spider, weigh 24.7 pounds. The Ag-In-Cd absorber is
shorter and weighs 23.4 pounds. The overall assembly
weight is 57 pounds. B&W reactors use 8 APSAs in the
core; these appear to be changed out about every 5
cycles.

Gray axial powcr shaping rod assemblics also have a
similar spider assembly that weighs 7.5 pounds. The gray
axial power shaping rods are 156 inches long and 0.444
inch in diameter and use 304 stainless steel for cladding
while end plugs, intermediate plugs, and nuts may be of
304 or 308 stainless steel. The stainless steel parts weigh
29.8 pounds. The absorber is Inconel 600. It is 63.3
inches long and weighs 33.8 pounds. The total weight of
the assembly is 71 pounds. The overall length of the
assembly is 159.75 inches. No information is currently
available on the usage of gray axial power shaping
assemblies.

The description of primary ncutron sources is
incomplete. Weights arc given for thrce of the ten
components, but no overall weight is given. The shroud
tube, intermediate plug, and lower end plug arc made of
304 stainless steel and weigh one pound. No description
of the source is given except thai it is Am-Be-Cu and is
B&W proprictary.

Regencrative (secondary) ncutron sources consist of
a coupling spider asscmbly and cight rods. There is no
mention of orifice plugs for the other eight locations. The
spider assembly is made of CF3M, 304, and 316 stainless
steel and weighs 7.8 pounds. The clad and end plugs for
the rods are made of 304 stainless stecl, but the weights
are not given. The length of the source rods is about 11
fect 8 inches and the diameter is 0.440 inch. The total
weight of the cluster is 46.3 pounds. By comparison to
other types of rods, it may be assumed that the weight of
stainless steel is about 12 pounds; thus, the antimony-
beryllium source is estimated to weigh 26.4 pounds. The
source composition is B&W proprictary.

The spider for burnable absorber assemblics reactors
is made of CF3M, 304, and 316 stainless steel and weighs
7.8 pounds. The 16 absorber rods use Zircaloy-4 for
cladding, end fittings, and the nuts to fastcn the rods to
the spider. Each rod is about 12 feet 6 inches long and
0.430 inch in diameter. The hold-down spring is 302 or
304 stainless stcel. The absorber material is a B&W
proprietary mixture of Al,O, and B,C. The absorber
material weighs 20.8 pounds, the Zircaloy 25.2 pounds,
the springs 2.1 pounds, and the spider assembly 7.8
pounds. The overall weight of the assembly is 57 pounds.

The spider assembly for orifice rod asscmblics is
made of CF3M and 304 stainlcss stcel and weighs 7.8
pounds. The orifice rods are about 12 inches long and
0.480 inch in diameter. The 16 rods and associated nuts
weigh 7.7 pounds. The rods are made of 304 stainless
steel whereas the nuts are made of 304 or 308 stainless
steel. B&W's submittal indicates that this assembly
should have "orifice plugs” made of 304 stainless steel but
does not assign them a weight. The total assembly weight

is given as 15.8 pounds; this leaves 0.3 pound for the
weight of the plugs themselves.

B&W provides in-core instrumentation but no
descriptive information is available at this time.

B&W 17 X 17 Class Reactors

At this time, no B&W 17 X 17 Class reactors have
been used in commercial service. Three reactors of this
class (WNP-1, Bellcfonte 1, Bellefonte 2) were ordered,
but none have been completed to date. For this reason,
no information on NFA hardware from this class has
been included in this report.

Indian Point 1 Class Rcactor

No data has been collected to this point on NFA
hardware from the Indian Point 1 reactor.

2.83.2 Combustion Enginccring Reactors

Combustion Engineering (CE) is the NSSS vendor
for six assecmbly classes: CE 14 X 14, CE 16 X 16, CE
SYSTEM 80, Fort Calhoun, St. Lucie 2, and Palisades.
Descriptions of NFA Hardware from these assembly
classes follow. Combustion Engincering uses fueled and
nonfucled burnable absorbers which arc intcgral to fuel
assemblics; CE does not use ORAs or separate BAAs in
their reactors.

CE 14 X 14 Class Reactors

Control cicment asscmblics for CE 14 X 14 class
reactors consist of five rods fasiened to a spider at their
upper ends. All CEAs for CE 14 X 14 reactors use
Inconel 625-clad control rods which are 0.948 inch in
diameter (O.D.) with a 0.040-inch wall thickness. The
pellet diameter is 0.86 inch. All CE 14 X 14 CEAs are
161 inches long. The spider is made of 304 stainless steel
and weighs 7.5 pounds.

Four variations of the CEA’s (one full-length and
three types of part-length) have been identified for CE 14
X 14 reactors. The fuli-length CEAs use 134 inches of
B,C in the center finger. Each of the outside fingers has
2.6 inches of Inconcl on the tip, followed by 8.0 inches of
Ag-In-Cd alloy and 124 inches of B,C. The full-length
assemblics contain 7.5 pounds of stainless stecl, 39 pounds
of Inconel, 24.2 pounds of B,C, and 6.1 pounds of Ag-In-
Cd. Each rcactor uses 65 full-length CEAs in the core.

The part-length CI:As have several variations in the
number and kinds of control material that they employ.
Arrangements include:

« one B,C rod and four stainless steel rods; this
CEA weighs 104.5 pounds; twelve CEAs are used
per core.

« one rod of Al,0O, and four rods of Ag-In-Cd and
B,C; this CEA weighs 82.4 pounds; eight CEAs
arc used per core.



284

+ one rod of Al,O;, two rods of Ag-In-Cd and B,C,
and two rods having 10 inches of stainless steel
and 124 inches of ALOs; this CEA weighs 63.0
pounds; twelve CEAs are used per core.

Two neutron source assemblies, which combine the
primary and secondary sources, are placed in the guide
tubes of perimeter assemblies on opposite sides of the
core. Their life expectancy is 4000 EFPD. They are
stationary fixtures with an upper shoulder resling on a
post of the fuel assembly and held down by a plunger and
spring. The NSA consists of two subassemblies. The
lower subassembly is 42.5 inches long and contains the
sources, a tubular spacer at the bottom, and a hold-down
spring at the top. There arc 15.65 inches of 0.735-inch-
diameter antimony-beryllium pellets in the center with a
plutonium-beryllium capsule 10.75 inches long and 0.675
inch in diameter above and below them. The upper
subassembly consists of the upper fitling, a coupler to
connect to the lower subassembly, and a tube of the
proper length to center the lower assembly in the active
zone of the core. The plunger, upper subassembly,
cladding, and spacer for the lower subassembly are 316
stainless steel. The cladding and tubing diameter is 0.875
inch. The assemblies contain 9.4 pounds Of stainless steel,
0.5 pound of beryllium, 0.4 pound of nickel-based alloy
springs, and 0.3 pound each of plutonium and antimony.

The in-corc instrument assemblies are located
strategically about the reactor core in positions not
designated for control element assemblies. The emitters
are rhodium attached to Inconel 600 lead wires
surrounded by an aluminum oxide insulator and sheathed
in Incone! 600, which is 0.064 inches in diameter. Four
emitlers, a calibration tube, a background detector, and
an outlet thermocouple are enciosed in a stainless steel
outer sheath which is 0.35 inch maximum diameter.
These assemblies are 38 - 41 feet long and weigh 11.7 -
12.8 pounds each. There are 45 strings per reactor.

CE 16 X 16 Class Reactors

Control ekement assemblies for the CE 16 X 16
Class reactors with 16 X 16 fuel vary slightly in length
from 180.8 - 181.3 inches. Three variations of full-length
CEAs and two variations of part-length CEAs have been
identified; all are clad in Inconel 625. The cladding is
0.816 inch in diameter with a 0.035 inch wall thickness.
The pellets of neutron absorbing material are 0.737 inch
in diameter. The plenum springs are 302 stainless sieel.
The spider is made of 304 stainless steel and weighs 8
pounds.

Full-length CEAs used at Arkansas Nuclear One
(ANO), Unit 2 weigh 71.3 pounds, have a center finger
with 140.0 inches of B,C and 9.2 inches of Inconel 625,
and have outside elements with 135.5 inches of B,C and
12.5 inches of Inconel 625. Full-length CEAs uscd at
other CE 16 X 16 Class reactors weigh 72 pounds and
have 136 inches of B,C and 12.5 inches of Ag-In-Cd in
both the center and outside fingers. A few CEAs for

other CE 16 X 16 Class reactors have been fabricated
without the center finger.

The variations in the part-length CEAs are very
slight. Both use five fingers using 75.0 inches of Inconel
625 near the tip and 16 inches of B,C above it. The
differences are the slight variations in length (180.8 for
ANO, Unit 2 and 181.3 for other CE 16 X 16 reactors)
and weight (91.1 and 92.0 pounds, respectively).

The neutron source assembilics for CE 16 X 16 Class
reactors appear to be identical to the NSAs for other CE
reactors with 16 X 16 fue! (St. Lucie 2 and CE SYSTEM
80 Classes). The assembly, which is 113 inches long,
consists of two subassemblies. The lower subassembly is
42.5 inches long and contains the sources, a tubular
spacer at the bottom, and a hold-down spring at the top.
There are 15.65 inches of 0.654-inch-diameter antimony-
beryllium peliets in the center with a plutonium-beryllium
capsule 6.0 inches long and 0.654 inch in diamelter above
and below them. The upper subassembly consists of the
upper fitting, an coupler to connect to the lower
subassembly, and a tube of the proper length to center
the Tower assembly in the active zone of the core. The
plunger, upper subassembly, cladding, and spacer for the
lower subassembly are 304 stainless steel. The cladding
and tubing diameter is 0.812 inch. The assemblies contain
9.1 pounds of stainless steel, 0.5 pound of beryllium, 0.4
pound of nickel-based alloy springs, and 0.3 pound each
of plutonium and antimony, giving a calculated total
weight of 10.6 pounds.

The incore instrument asscmblics have emitters
which are made of rhodium attached to Inconel 600 lead
wires, surrounded by an aluminum oxide insulator, and
sheathed in Inconel 600, which is 0.064 inches in
diameter. Four emitters, a calibration tube, a background
detector, and an outlet thermocouple arc enclosed in a
Inconel 600 outer sheath, which is 0.35 inch maximum
diameter. Thesc assemblies are 37 - 38 feet long, weigh
6.4 - 7.3 pounds, and have a life expectancy of 1200
EFPD. There are 44 instrumentation strings at ANO2,
and 56 at the other CE 16 X 16 Class reactors.

CE SYSTI:M 80 Class Reactors

Control clement asscmblies for CE SYSTEM 80
reactors are distinctly different from the CEAs of any
other U.S. commercial LWR. In addition to being
significantly longer (253 inches), some of the CEAs for
SYSTEM 80 reactors have twelve rods and are designed
to be inserted in five different assemblics at the same
time. These fcatures make the transportation and storage
of fuel assemblies with CEAs integral to the assemblies
practically impossible. The intact CEAs are significantly
longer than standard spent fuel cases, and, if accepted by
the CRWMS; will require special handling.

Each SYSTEM 80 reactor uses 48 full-length 12-
element CEAs, 28 full-length 4-element CEAs, and 13
part-length 4-element CEAs. Both of the full-length
CEAs use 148 inches of B,C in each rod. The part-length
CEAs use 16 inches of B,C, followed by 75 inches of
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Inconel at the tip of each rod. The 12-element full-length
CEAs weigh 192.2 pounds, the 4-clement full-length
CEAs weigh an estimated 68 pounds, and the part-length
CEAs weigh 95.0 pounds. All are clad in Inconel 625.
The cladding is 0.816 inch in diameter with a 0.035 inch
wall thickness. The peliets of neutron absorbing materials
are 0.737 inch in diameter. The plenum springs are 302
stainless steel. The spiders for these CEAs are made of
304 stainless steel. The spider for the twelve element
array weighs 19.5 pounds.

Eight-element SYSTEM 80 CEAs (fitting into 3
assemblies) are mentioned in the Palo Verde Preliminary
Safety Analysis Reports. However, in CEA patterns
shown in reload submittals for both Palo Verde 1 and 3,
no 8-element CEAs are shown. Additionally, CE’s data
submittal did not describe 8-element CEAs. From this,
we conclude that 8-element CEAs were planned, but not
used in CE SYSTEM 80 reactors.

The neutron source asscmblies for CE SYSTEM 80
Class reactors appear 10 be identical to the NSAs for
other CE reactors with 16 X 16 fuel (St. Lucie 2 and CE
16 X 16 Classes) and are described in the section on CE
16 X 16 Class fuel.

The in<core instrument assemblies are located
strategically about the reactor core in positions not
designated for control element assemblies. The emitters
are rhodium, attached to Inconel 600 lead wires
surrounded by an aluminum oxide insulator, and sheathed
in Inconel 600, which is 0.064 inches in diameter. Four
emitters, a calibration tube, a background detector, and
an outlet thermocouple are enclosed in a Inconel 600
outer sheath, which is 0.45 inch maximum diameter.
These assemblies are 116 feet long, weigh 34.3 pounds,
and have a life expectancy of 1200 EFPD. There are 61
instrumentation strings per reactor.

Fort Calhoun Class Reactor

Fort Calhoun uses control element assemblies which
are 152 inches long; they usc 128 inches of B,C in all five
fingers of the full-length CEAs and the center finger of
the part-length CEAs. The four outside fingers of the
part-length CEAs have 32 inches of B,C. The fuli-length
assembly contains 7.5 pounds of stainless steel, 34 pounds
of Inconel, and 25 pounds of B,C, for a total weight of
66.5 pounds. The part-length assembly weight is 63.0
pounds. Both are clad in Inconel 625. The cladding is
0.948 inch in diameter with a 0.040 inch wall thickness.
The pellets of neutron absorbing materials are 0.860 inch
in diameter. The plenum springs are 302 stainless steel.
The spider is 304 stainless steel and weighs 7.5 pounds.

The neutron source asscmblies consists of two
subassemblies and are approximately 100 inches long.
The lower subassembly is 42.5 inches long and contains
the sources, a tubular spacer at the bottom, and a hold-
down spring at the top. There are 15.65 inches of 0.734-
inch-diameter antimony-beryllium peliets in the center
with a plutonium-beryiliom capsule 10.75 inches long and
0.675 inch in diameter above and below them. The upper

subassembly consists of the upper fitting, an coupler to
connect to the lower subassembly, and a tube of the
proper length to center the lower assembly in the active
zone of the core. The plunger, upper subassembly,
cladding, and spacer for the lower subassembly are 316
stainless steel. The cladding and tubing diameter is 0.875
inch. The assemblies contain 7.2 pounds of stainless steel,
0.4 pound of beryllium, 0.2 pound each of nickel-based
alloy springs, plutonium, and antimony.

The in-core instrument assemblics are located
strategically about the reactor core in positions not
designated for control element assemblies. The emitters
are rhodium attached to Inconel 600 lead wires
surrounded by an aluminum oxide insulator and sheathed
in Inconel 600, which is 0.064 inches in diameter. Four
emitters, a calibration tube, a background detector, and
an outlet thermocouple are enclosed in a stainless steel
304 outer sheath which is 0.35 inch maximum diameter.
These assemblies are 39 feet long, weigh 11.6 pounds, and
have a life expectancy of 1200 EFPD. There are 28
instrumentation strings in the Fort Calhoun reactor.

St. Lucie 2 Class Reactor

The control element asscmblies for the St. Lucie 2
reactors are 162.8 inches long and have five rods. Each
rod is clad in Inconel 625. The cladding is 0.816 inch in
diameter with a 0.035 inch wall thickness. The poison
materials are 0.737 inch in diameter. The full-length
control rods have 123.0 inches of B,C and 12.5 inches of
Ag-In-Cd as the control material on each of the five
fingers. The part-length CEAs have 14.0 inches of B,C
and 68.5 inches of Inconel 625 at the tip of each of the
five fingers. The plenum springs are 302 stainless steel.
The part-length CEAs for St Lucie 2 weigh 83.0 pounds.

The neutron source assemblics for St. Lucie 2 appear
to be identical to the NSAs for other CE reactors with 16
X 16 fuel (CE 16 X 16 and CE SYSTEM 80 Classes)
and are described in the section of CE 16 X 16 Class
components.

The in<core instrument assemblies are located
strategically about the reactor core in positions not
designated for control element asscmblies. The emitters
are rhodium attached to Inconel 600 lead wires
surrounded by an aluminum oxide insulator and sheathed
in Inconel 600, which is 0.064 inches in diameter. Four
emitters, a calibration tube, a background detector, and
an outlet thermocouple are enclosed in a Inconel 600
outer sheath which is 0.35 inch maximum diameter.
These assemblies are 35 feet long, weigh 7.0 pounds, and
have a life expectancy of 1200 EFPD. There are 56
instrumentation strings at St. Lucie 2.

Palisades Class Reactor

Palisades is a special case; the cootrol blade
assemblies are in the form of cruciform biades and are
expected to last for the lifetime of the unit. There are 45
assemblies in the reactor with an overall length of 151
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inches and a weight of 214 pounds. Each of the four
blades extends 6.125 inches from the center line and
ranges from 0.32 inch thick at the root to 0.18 inch thick
at the edge. The absorber is Ag-In-Cd clad in 304
stainless steel. The control rod drive mechanism engages
a hanger to withdraw and position the CEA. The hanger
is made of 304 and 308 stainless steel. The stainless steel
hanger weighs 62.2 pounds and the absorber 151.8
pounds.

Palisades uses two startup (primary) neutron sources
and two sustaining (secondary) neutron sources. They are
about 115 inches long, 0.34 inch in diameter, and clad
with 304 stainless steel. The sustaining source is made of
antimony-beryllium; it is 0.286 inch in diameter and 72
inches long. The startup source is the same size but
consists of 12 inches of polonium-beryllium in the center
with 30 inches of antimony-beryllium above and below.
Each source assembly consists of 4.1 pounds of stainless
steel and 0.2 pound of beryllium. The sustaining source
contains 0.2 pound each of antimony and beryllium. The
total weight of each is 4.5 pounds.

The incore instrument assemblics are located
strategically about the reactor core in positions not
designated for control element assemblies. The emitters
are rhodium, attached to Inconel 600 lecad wires
surrounded by an aluminum oxide insulator, and sheathed
in Inconel 600, which is 0.064 inches in diameter. Four
emitters, a calibration tube, a background detector, and
an outlet thermocouple are enclosed in a stainless steel
304 outer sheath, which is 0.35 inch maximum diameter.
These assemblies are 37 feet long, weigh 9.3 pounds, and
have a life expectancy of 1200 EFPD. The Palisades
reactor uses 61 instrumentation strings.

2833 Westinghouse Reactors

Westinghouse (WE) is the NSSS vendor for seven
assembly classes: WE 14 X 14, WE 15X 15, WE 17 X
17, South Texas, San Onofre, Haddam Neck, and Yankee
Rowe. Descriptions of NFA Tlardware from these
assembly classes follow.

Data on nonfuel components are primarily taken
from Nuclear Fuel Data (Westinghouse 1986). This
document was prepared by Westinghouse Electric
Corporation for Martin Marietta Energy Systems and
describes both the fuel assemblies and the nonfuel
components manufactured by Westinghouse, Updated
data, which resolve apparently conflicting information and
address recent developments, are nceded.

‘Westinghouse 14 X 14 Class Reactors

For WE 14 X 14 Class reactors, CRAs, NSAs,
BAAs, and TPAs consist of 16 individual rods fastened by
the upper ends to a spider or hold-down device.

Control rod assemblics for WE 14 X 14 Class
reactors use a spider consisting of 6.25 pounds of 304 and
308 stainless steel and 1.61 pounds of Inconel X-750.
The overali length of the CRAs is 156.6 - 158.5 inches.

Two types of control rods have been identified. Standard
CRAs use 142 inches of Ag-In-Cd, clad in 304 stainless
steel, as the neutron absorber. These absorber rods are
152.7 inches long and weigh 7.59 pounds apiece. The
overall length of the assembly is 158.5 inches and the
weight is 129.4 pounds. A second type of CRA for WE
14 X 14 reactors is a part-length CRA. This CRA uses
118 inches of Ag-In-Cd, clad in 304 stainless steel, as the
neutron absorber. These rods are 128 inches long and
weigh 6.33 pounds apiece. The overall length and weight
of these assemblies is given in WSTD-TME-148 as 156.6
inches and 128 pounds; these values seem larger than
expected from component descriptions. A length less
than 140 inches and a weight of about 110 pounds seems
to be indicated.

Neutron source assemblies for WE 14 X 14 Class
reactors consist of primary and/or secondary neutron
source rods attached to the spider along with burnable
absorber rods or thimble plugs. The source rods are
typically 0.431 - 0.437 inches in diameter and clad in 304
stainless steel. These NSAs are fitted into fuel assemblies
that are not located under CRAs. The spider consists of
7.8 pounds of 304 stainless steel and 0.5 - 1.1 pounds of
Inconel springs.

Five configurations of primary bpeutron source
assemblies for WE 14 X 14 class reactors have been
identified. The overall length of these assemblies range
from 143 - 158 inches. Each configuration has only one
primary source rod. In addition to the primary source
rod, each assembly contains 3 or 4 secondary source rods.
The remaining 1 or 12 locations contain burnable
absorber rods or thimble plugs. Two of the
configurations use only thimble plugs with californium and
plutonium-beryllium sources. These two assemblies weigh
26 and 28 pounds, respectively. The other three
configurations use pyrex burnable absorber rods with
californium, plutonium-beryllium, and polonium-beryllium
sources. All five configurations use antimony-beryllium
secondary source rods. These assemblies weigh 48 and 50
pounds.

Only one basic configuration of sccondary neutron
sourcc asscmblics has been identified for WE 14 X 14
Class reactors, although several variations of this
configuration exist. These assemblies consist of 4
antimony-beryllium secondary sources and 12 thimble
plugs attached to a spider assembly. Variations in the
length of the secondary source rods give rise to overall
length variations of 91 - 157 inches and corresponding
weight variations of 20.7 - 27.7 pounds.

Two types of burnable absorber assemblies (rods)
have been used in WE 14 X 14 Class reactors. The
earlier BAAs utilized a borosilicate’ glass in the form of
1426 - 1427 inches of pyrex tubing as a neutron
absorber. These rods have two diameters, 0.437 and
0.445 inches.” They are clad in 304 stainless steel, have a
overall length of 150.4 - 152.2 inches, and weigh 2.2 - 2.3
pounds. Eight configurations of pyrex BAAs have been
identified, based on varying numbers of burnable absorber
rods per assembly. Assemblies containing 1, 2, 4, 6, 8, 12,
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14, and 16 burnable absorber rods have weights of 11, 13,
17, 21, 25, 32, 36, and 40 pounds, respectively. All
appear to be 156.1 inches in length.

More recently Wet Annular Burnable Absorber
(WABA) assemblies have been used. WABA rods are
smaller in diameter (0.381 inches), shorter (150.1 inches),
and lighter (1.8 pounds per rod). WABA rods use 134.0
inches of B,C as the neutron absorber. Five
configurations of WABA assemblies have been identified,
based on varying numbers of WABA rods per assembly.
Assemblies containing 4, 8, 9, 12, and 16 burnable
absorber rods have weights of 15.6, 22.1, 23.4, 27.7, and
34.2 pounds, respectively. All appear to be 153.6 inches
in length.

Thimble plugs used in NFA components for WE 14
X 14 Class reactors are made from 304 or 308 stainless
steel and range from 0.434 - 0.502 inches in diameter,
6.56 - 8.02 inches in length, and 0.29 - 0.40 pounds.
Thimble plug assemblics vary from 9.5 - 13.2 pounds in
weight and from 10.8 - 13.6 inches in length.

Imaging and Sensing Technology Corporation
(formerly a division of Westinghouse) provides in-core
instrumentation, but these were not described in WSTD-
TME-148.

Westinghouse 15 X 15 Class Reactors

For WE 15 X 15 Class reactors, CRAs, NSAs,
BAAs, and TPAs consist of 20 individual rods fastened by
the upper ends to a spider assembly or holddown device.

Coatrol rod asscmblics for WE 15 X 15 Class
reactors use a spider consisting of 6.25 pounds of 304 and
308 stainless steel and 1.61 pounds of Inconel X-750.
The overall length of the assemblies is 156.6 - 158.5
- inches. Only one type of CRA for WE 15 X 15 Class
reactors has been identified. Standard CRAs use 142
inches of Ag-In-Cd, clad in 304 stainless steel, as the
neutron absorber. These absorber rods are 150.9 - 152.7
inches long and weigh 7.80 pounds apicce. The overall
weight of the assembly is 165.0 pounds. Based on their
use in WE 14 X 14 Class and WE [7 X 17 Class
reactors, part-length CRAs have probably been used in
WE 15 X 15 Class reactors.

Neutron source asscmblics for WE 15 X 15 Class
reactors consist of primary and/or secondary neutron
source rods attached to a spider pack or holddown
assembly along with burnable absorber rods or thimble
plugs. The source rods are typically 0.431 - 0.437 inches
in diameter and clad in 304 stainless stecl. These NSAs
are fitted into fuel assemblies that are not located under
CRAs. The spider packs consist of 7.8 pounds of 304
stainless steel; the holddown assembly consists of 3.6 -
3.83 pounds of 304 or 308 stainless steel and 0.80 pound
of 302 stainless steel, Inconel X-750, or Inconel 718
springs.

Five configurations of primary neutron source asscmblics
for WE 15 X 15 class reactors have been identified. The
overall length of these assemblies range from 143 - 158
inches. Each configuration has only one primary source

rod. In addition to the primary source rod, each assembly
may contain secondary source rods and does contain
burnable absorber rods and thimble plugs. The
configurations are as follows:

+ a californium source with 4 burnable absorber
rods and 15 thimble plugs, weighing 20.2 pounds;

» a californium source with 12 burnable absorber
rods and 7 thimble plugs, weighing 34 - 40.4
pounds;

» a plutonium-beryllium source with 1 antimony-
beryllium secondary source, 16 burnable absorber
rods, and 2 thimble plugs, weighing 43.5 pounds;

» a plutonium-beryllium source with 3 antimony-
beryllium secondary source, 12 absorber rods, and
4 thimble plugs, weighing 52 pounds; and

« a polonium-beryllium source with 3 antimony-
beryllium secondary source, 12 burnable absorber
rods, and 4 thimble plugs, weighing 52 pounds.

Three basic configurations of secondary neutron
source asscmblies have been identified for WE 15 X 15
Class reactors. Each configuration uses 4 antimony-
beryllium secondary source rods. The differences are in
the number of burnable absorber rods and thimble plugs
attached to the spider/holddown assembly as follows:

» 16 thimble plugs and a weight ranging from 19 -

33.6 pounds;

« 12 burnable absorber rods and 4 thimble plugs,
weighing 52 pounds; and

« 7 burnable absorber rods and 9 thimble plugs,
weighing 35.2 pounds.

Two types of burnabic absortber asscmblics have
been used in WE 15 X 15 Class reactors. The earlier
BAAs utilized rods containing borosilicate glass in the
form of 142.6 - 142.7 inches of pyrcx tubing as a neutron
absorber. These rods have two diameters, 0.437 and
0.445 inches. They are clad in 304 stainless steel, have a
overall length of 150.4 - 152.2 inches, and weigh 2.2 - 2.3
pounds. Ten configuration of pyrex BAAs have been
identified, with 4 (17.0 - 20.4 pounds), 5 (20.0 pounds), 6
(no weight available), 8 (26.0 - 29.2 pounds), 9 (27.4
pounds), 10 (33.7 pounds), 12 (33.0 - 36.8 pounds), 13
(35.5 pounds), 16 (40.5 - 44.8 pounds), and 20 (50.0 -
53.7 pounds) rods per assembly. All are 156.1 - 156.9
inches in length.

More recently Wet Annular Burnable Absorber rods
have been used. WABA rods are smaller in diameter
(0.381 inches), shorter (150.1 inches), and lighter (1.8
pounds per rod). WABA rods use 134.0 inches of B,C as
the neutron absorber. Six configurations of WABA
assemblies have been identified for WE 15 X 15 Class
rectors, based on varying numbers of WABA rods per
assembly. Assemblies containing 4, 6, 8, 12, 16, and 20
burnable absorber rods have weights of 16 - 19, 21, 22 -
24.3, 29 - 30, 34 - 39.4, and 46.8 pounds, respectively.
Two overall lengths have been used, 146.6 and 153.7
inches.

Thimble plugs used in NFA components for WE 15
X 15 Class reactors are made from 304 or 308 stainless
steel and range from 0.434 - 0.502 inches in diameter,
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6.56 - 8.02 inches in length, and 0.29 - 0.40 pounds.
Thimble plug assemblies vary from 9.5 - 13.2 pounds in
weight and from 10.8 - 13.6 inches in length.

Imaging and Sensing Technology Corporation
(formerly a division of Westinghouse) provides in-core
instrumentation, but these were not described in WSTD-
TME-148.

Westinghouse 17 X 17 Class Reactors

For WE 17 X 17 Class reactors, CRAs, NSAs,
BAAs, and TP As consist of 24 individual rods fastened by
the upper ends to a spider assembly or holddown device.

Control rod asscmblies for WE 17 X 17 Class
reactors use a spider consisting of 4.80 - 7.6 pounds of
304 and 308 stainless steel and 1.65 pounds of Inconel X-
750. The overall length of the assembilies is 160.9 inches.
Five types of CRAs for WE 17 X 17 Class reactors have
been identified. Four of these are full-length control
assemblies and one is a part-length assembly. They are
described below:

A fulllength CRA, using Ag-In-Cd as the

absorber material and a lighter (8.6 pounds)
spider assembly. These assemblies have a
calculated weight of 149.5 pounds;

» A full length CRA, using Ag-In-Cd as the
absorber material and a heavier (9.3 pounds)
spider assecmbly. These assemblies have a
calculated weight of 150.2 pounds;

« A full length CRA, using hafnium as the absorber
material. These assemblies have a calculated
weight of 181.2 pounds. These CRAs were
typically used at standardized Westinghouse plants
(Westinghouse 1972). As a result of several
instances of irradiation induced swelling of these
control elements, many reactors are replacing
these assemblies with Ag-In-Cd CRAs;

+ A full length, "hybrid" CRA, using 102 inches of
boron carbide above 40 inches of Ag-In-Cd
These assemblies have a listed weight of 92.7
pounds; and '

« A part length CRA, using 36 inches of Ag-In-Cd
in the bottom of the absorber rod. A 106 inch
aluminum oxide spacer is above the Ag-In-Cd.
These assemblies have a listed weight of 100
pounds.

Neutron source asscmblies for WE 17 X 17 Class
reactors consist of primary and/or secondary neutron
source rods attached to the spider along with burnable
absorber rods and/or thimble plugs. The source rods are
0.385 inches in diameter and clad in 304 stainless steel.
These NSAs are fitted into fuel assemblies that are not
located under CRAs. The spiders consist of about 5§
pounds of 304 stainless steel and 0.6 pound - 1.4 pounds
of Inconel 718 springs.

Six configurations of primary neulron source
assemblies for WE 17 X 17 class reactors have been
identified. The overall length of these assemblies is 156
inches. Each configuration has one primary source rod.

For WE 17 X 17 Class reactors, only californium has
been used as the source material. One configuration has,
in addition the primary source rods, 3 secondary
(antimony-beryllium) source rods, 12 burnable absorber
rods, and 8 thimble plugs. This configuration weighs
between 37 and 39 pounds. Four other configurations
use only burnable absorber rods and thimble plugs to fill
the remaining 23 locations on the holddown device.
These configurations have 12 (34 - 35 pounds), 16 (40
pounds), 20 (44 - 46 pounds), and 23 (51 pounds)
burnable absorber rods. The other configuration uses
only 20 thimble plugs (and no burnable absorber rods)
and weighs 15 - 16 pounds.

Five configurations of secondary neutron source
assemblies have been identified for WE 17 X 17 Class
reactors. These assemblies consist of 4 antimony-
beryllium secondary sources and an combination of
burnable absorber rods and thimble plugs attached to
holddown device. Configurations have been identified
with 0 (17 - 24 pounds), 8 (29 pounds), 12 (35 - 39
pounds), 16 (41 - 45 pounds), and 20 (47 -51 pounds)
burnable absorber rods. These assemblies also have an
overall length of 156 inches.

Two types of burmable absorber assemblies have
been used in WE 17 X 17 Class reactors. The earlier
BAAs utilized a borosilicate glass in the form of 142
inches of pyrex tubing as a neutron absorber. These rods
have a diameter of 0.385 inches. They are clad in 304
stainless steel, have a overall length of 152.4 inches, and
weigh 1.8 pounds. Eleven configurations of pyrex BAAs
have been identified with 3 (15.1 - 17.7 pounds), 4 (168 -

19.4 pounds), 5 (18.4 - 21.5 pounds), 6 (20.0 - 23.0
pounds), 8 (23.3 - 25.4 pounds), 9 (25.0 - 27.5 pounds),
10 (26.6 - 29.0 pounds), 12 (29.5 - 35.0 pounds), 16 (36.5
- 38.2 pounds), 20 (43.0 - 44.5 pounds), and 24 (49.0 -
50.3 pounds) burnable absorber rods.

More recently, Wet Annular Burmnable Absorber
assemblies have been used. WABA rods are smaller in
diameter (0.381 inches), shorter (150.0 inches), and
slightly heavier (1.9 pounds per rod). WABA rods use
134.0 inches of B,C as the neutron absorber. Twelve
configurations of WABA assemblies have been identified
with 3 (15.2 - 17.8 pounds), 4 (169 - 19.5 pounds), 5
(17.8 - 20.9 pounds), 6 (19.5 - 22.4 pounds), 8 (23.1 -
26.0 pounds), 9 (24.6 - 27.2 pounds), 10 (26.2 - 287
pounds), 12 (29.6 - 32.4 pounds), 15 (36.4 pounds), 16
(36.3 - 38.2 pounds), 20 (43.5 - 49.8 pounds), and 24
(50.5 - 51.7 pounds) rods per assembly. All appear to be
153.6 inches in length.

Thimble plugs used in NFA components for WE 17
X 17 Class reactors are made from 304 or 308 stainless

steel and range from 0.434 - 0.502 inches in diameter,

6.56 - 8.02 inches in length, and 0.29 - 0.40 pounds.
Thimble plug assemblies attach 24 thimble plugs to a
spider and vary from 9.5 - 13.2 pounds in weight and
from 10.8 - 13.6 inches in length.

Imaging and Sensing Technology Corporation
(formerly a division of Westinghouse) provides in-core
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instrumentation, bul these were not described in WSTD-
TME-148.

South Texas Class Reactors

Fuel for the South Texas Class reactors is similar to
fuel for a WE 17 X 17 Class reactor in that it uses a 17
X 17 array and is 8.4 inches wide. However, fuel for
South Texas is longer than fuel for WE 17 X 17 Class
reactors. Fuel for South Texas is approximately 199
inches long (compared to 159.7 inches for WE 17 X 17
Class fuel). No specific information of NFA hardware for
South Texas has been obtained but information on NFA
Hardware for WE 17 X 17 Class reactors should be
descriptive.

San Onofre 1 Class Reactor

Fuel for the San Onofre 1 reactor is similar to fuel
for a WE 14 X 14 Class reactor in that it usesa 14 X 14
array and is 7.76 inches wide. However, fuel for San
Onofre 1 is shorter than fuel for WE 14 X 14 Class
reactors. Fuel for San Onofre 1 is approximately 137.1
inches long (compared to 159.7 inches for WE 14 X 14
Class fuel). No specific information of NFA hardware for
San Onofre 1 has been obtained but information on NFA
Hardware for WE 14 X 14 Class reactors should be
descriptive.

Haddam Neck Class Reactor

Fuel for the Haddam Neck reactor is similar to fuel
for a WE 15 X 15 Class reactor in that it usesa 15 X 15
array and is 8.4 inches wide. However, fuel for Haddam
Neck is shorter than fuel for WE 15 X 15 Class reactors.
Fuel for Haddam Neck is approximately 137.1 inches long
(compared to 159.7 inches for WE 15 X 15 Class fuel).
No specific information of NFA hardware for Haddam
Neck has been obtained but information on NFA
Hardware for WE 15 X 15 Class reactors should be
descriptive.

283.4 General Electric Reactors

Gencral Electric (GE) is the NSSS vendor for five
assembly classes: GE BWR/2,3, GE BWR/4-6, Big Rock
Point, Dresden 1, and Humboldt Bay. Descriptions of
the NFA hardware from these assembly classes follow.

GE BWR/23 and GE BWR/4-6 Class Reactors

Both General Electric and ASEA-Atom have
supplied control rod blades for use in GE BWR/2,3 and
GE BWR/4-6 Class reactors. Because of their shape,
CRBs have often been referred to as cruciforms. While
the CRBs for American BWRs have many similar physical
Characteristics, there are several important variations in
neutron absorbing materials, methods of construction, and
size differences based on lattice design.

The primary neutron absorbing malerial which has
been used in CRBs is boron carbide. As operaling
experience has grown, both GE and ASEA have begun
using hafnium as the absorbing material in high-exposure
locations. A typical CRB is 9.75 inches wide, has a
control length of 143 inches, and is positioned below the
core in the reactor. The weight of the CRBs varies from
218 - 225 pounds. The end roller bearings were initially
made of alloys which were high in cobalt (Stellite-3 or
Haynes-25). The natural cobalt activates to ®Co tolevels
high enough that these bearings were sometimes removed
and packaged for use as *°Co sources. The heat output
from these bearings can present localized hot spots.
These high-cobalt alloys are no longer being used, having
been replaced with lower-cobalt alloys. ASEA has
replaced the roller bearings with guide pads fabricated
from Inconel X-750.

Original GE CRBs utilized vertical stainless steel
tubes which were filled with boron carbide. These tubes
were sheathed in a stainless steel jacket. In subsequent
versions, GE replaced the boron carbide in three outside
vertical tubes on each wing with hafnium rods and
designated these as Hybrid I Control Rods (HICRs).
Later, GE replaced the top several inches of the wings
with a hafnium plate. These are designated as Advanced
Long Life Control Rods (ALLCRs).

ASEA-Atom manufactures CRBs from solid stainless
steel plates into which horizontal holes are drilled. These
holes arc approximately 4 inches deep and are filled with
the neutron absorber (either boron carbide or hafnium).
When closed, they are connected by a narrow slit, which
allows the pressure between holes to be equalized without
allowing movement of the absorbing material.  This
features eliminates concerns with settling (and reduction
of reactivity control). ASEA initially replaced boron
carbide in the top 19 horizontal tubes on each wing with
hafnium metal rods to form its hafnium-tip (Model CR-
82) CRB. Subsequently, the boron carbide on the
outside half-inch of the wings was replaced with hafnium
on the top 75% of the "ultimate” (Model CR-85) CRB.
Both the CR-82 and CR-85 are available in "matching”
and "highworth” designs. "Highworth™ versions are
designed for 5 to 15% (relative) higher rod worth than
original equipment rods. "Matching” versions have up to
5% (relative) higher rod worth.

Both GE and ASEA CRBs also have also variations
according to the lattice design of the reactor core. All
GE BWR2 and GE BWR/3 reactors, and many GE
BWR/4 reactors use a D lattice core. In D lattice cores,
the spacing between assemblics on the sides adjacent to
the CRB is greater than the spacing between assemblies
on the side away from it. GE BWR/4 reactors that do
not use D lattice core and all GE BWR/5 reactors use C
lattice cores. C lattice cores have equal spacing between
assemblies on all sides. GE BWR/6 reactors use S lattice
cores, which have equal spacing betwecn assemblies, but
which usc the slightly smaller fuel assembly width specific
to GE BWR/6 reactors. Each design of CRB described
here could have been manufactured for D, C, or S lattice
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cores. The primary distinction between the design of the
CRB for different lattices is the width of the wing.

GE uses five lo seven neutron source rods per
reactor. A mixture of antimony-beryllium has been used
as the neutron source for these rods, including those
neutron source rods used for the initial startup of the
reactor. Each source rod consists of two antimony rods
within a single beryllium cylinder. Both the antimony and
beryllium are encased in stainless steel tubes. No weights
or dimensions are available at this time.

Temporary poison curtains made of borated (3800 -
5400 ppm boron) stainless steel sheels were used to
control reactivity in the initial core of early reactors.
These curtains, which are no longer used, were 141.25
inches long, 9.20 inches wide, and 0.0625 inch thick, were
placed between fuel assemblies in water gaps without
control rods. The weight is not given, but density
considerations indicate a mass of about 25 pounds.
Currently, GE incorporates integral gadolinia absorbers
into selected fuel rods to provide reactivity control.

GE reactors use four types of in<core
instrumentation:  source range monitors, intcrmediate
range monitors, and local power range monitors
(LPRMs), and transverse incore probes (TIPs). Most
reactors seem to have four source range monitors and
four intermediate range monitors, which are used during
periods of low neutron fluxes (ie. during reactor
shutdowns and startup). Recently, wider range neutron
monitors have been introduced which replace both source
and intermediate range monitors. The number of
LPRMs is dependent of the number of control-rod
groups. One four-element LPRM is at the center of each
four-control-rod group. At least threc vendors (GE,
Imaging and Sensing Technology Corporation, and ABB
Atom) supply in-core instrumentation for BWRs.
LPRMs arc approximately 40 ft. Jong, {3.5 ft. of which is
in the core. The total weight is approximately 48 lbs,, 8
Ibs. of which is in the core. The diameter of the end in
the core is approximately 0.75 in; the out of core end is
approximately 1.05 in. in diameter.

BWR fuel channcls have been supplied to domestic
reactors by at least three suppliers: General Electric,
Carpenter Technology of San Diego, and ABB Atom. As
the primary supplicr of BWR fucl in the American
market, GE has supplied the preponderance of these
channels. Since only information on GE channels has
been obtained, this discussion focuses only on GE
channels. Early versions of BWR fuel for Dresden 1,
Humboldt Bay, and Big Rock Point used various
materials (stainless steel, Zircaloy-2, and Zircaloy-4) for
channels. By the advent of the BWR/2 reactors (Nine
Mile Point 1 and Oyster Creek), Zircaloy-4 had become
the standard channel material. Since that time, Zircaloy-4
has continued to be used for the manufacture of fuel
channel. New methods of treatment (e.g., annealing, -
quenching, and autoclaving) have been developed to
increase the strength and corrosion resistance of the
channels.

Available data on fuel channel dimensions comes
primarily from engineering drawings furnished by GE on
six channel designs and from discussions heid with GE
during a visit to the GE fuel fabrication plant in
Wilmington, NC (Moore 1991a). Fuel channels for GE
BWR/2,3 Class reactors have an overall length of 162.2
inches. Fuel channel length for BWR/4 and BWR/S
reactors is 166.9 inches and 167.4 inches for BWR/6
reactors. Fuel channel thickness had historically been
0.080 inches for fuel for BWR/2, BWR/3, BWR/4, and
BWR/5 reactors when GE introduced the BWR/6 reactor
design in 1972. The BWR/6 introduced the 8 X 8 fuel
rod array and a thicker (0.120 inch) fuel channel. In
order to keep the exterior dimension of the fuel
assemblies (5.438 inches with channels attached) the same
as BWR/2-5 fuel assemblies, GE reduced the pitch of the
fuel rods in the BWR/6 design, reducing the exterior
dimension of the fuel bundle (without the channel) from
5.278 inches to 5.198 inches. Since the introduction of
the BWR/6 reactor design, channel thickness for most
BWR/4 and BWR/S reactor fuel (and presumably some
BWR/2 and BWR/3 rcactors fuel} has increased from
0.080 to 0.100 inches, increasing the outside dimension to
5.478 inches. Recently, GE introduced an "interactive”
fuel channel. This channel reduces neutron losses by
reducing the thickness of the side flats to 0.065 inches,
while keeping the corners 0.100 inch thick for strength.
Thus, cight basic types of channels have been identified.
Many subtypes cxist, and some variations could be
measurably different from those described below:

« 80 mil BWR/2 and BWR/3 channel - 162.2 inches

long, about 64 pounds

» 80 mil BWR/4 and BWR/5 channel - 166.9 inches

long, about 66 pounds

e 100 mil BWR/2 and BWR/3 channel - 162.2

inches long, about 80 pounds

e 100 mil BWR/4 and BWR/5 channel - 166.9

inches long, about 82 pounds

¢ 120 mil BWR/6 channcl - 167.4 inches long,

about 98 pounds

+ Interactive BWR/2 and BWR/3 channel - [ength

and weight undetermined

« Interactive BWR/4 and BWR/5 channel - length

and weight undetermined

« Interactive BWR/6 channel - length and weight

undetermined

A separate issuc with respect to fuel channcls is the
width of the channel, including the spacer buttons and the
channel fastencr clips. Informal discussions at GE
indicated that the maximum width of an unirradiated fuel
channel, including the spacer button, channel fastener,
and adapter plate appeared to be 5.798 inches. This may
not be an absolute maximum, but should be close. The
maximum width of the newest fuel channel was 5.795
inches, and the maximum width of a typical 80-mil
channel was 5.768 inches. In drawings furnished by GE,
the maximum width shown was 5.771 inches.
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Big Rock Point, Dresden 1, and Humboldt Bay Class
Reactors

No information has been obtained on NFA hardware
for the Big Rock Point, Dresden 1, and Humboldt Bay
Classes. However, the NFA hardware should be similar
to the NFA hardware used in other BWRs.

2.8.3.5 Allis-Chalmers Reactors - LaCrosse Class
Reactor

Allis-Chalmers is the NSSS vendor for one assembly
class: LaCrosse. No information has been obtained on
NFA hardware for the LaCrosse Class reactor. However,
the NFA hardware should be similar to the NFA
hardware used in other BWRs.

284 Estimated Quantitics of NFA Hardware

No single reliable source of data on the quantities of
NFA Hardware generated by commercial reactors is
available. This is probably because NFA hardware has
for many years been viewed as a minor contributor to the
wastes to be disposed of by the CRWMS. While
discharged and in-core fuel data are collected from the
utilities by the EIA each year, similar information has not
been collected on NFA hardware in the past. The issue
of quantities of NFA hardware is further complicated by
the fact that the amounts and types of NFA hardware
used by commercial reactors varies from reactor to
reactor, and also changes with time. In addition, several
utilities have disposed of some NFA hardware
components as Low-level Waste. In this section, the
historical and present usage of NFA hardware
components is described, future trends are speculated on,
and crude estimates of the quantities of NFA hardware
are made and compared to the data which are available.

An overview of the estimates of quantities of NFA
hardware that will be discharged from commercial
reactors in the U.S. is given in Table 2.8.2. These data
have been normalized to a "number per 100 assemblies”
basis. The rationale for this is that the number of
discharged assemblies is a realistic measure of reactor
operating time and EFPD. It is also a number that is
readily obtainable.

Several methods for estimating NFA quantities are
used. Data from the vendors on quantities of NFA
hardware shipped to the reactors are used, along with
quantities of fuel shipped to the reactors to obtain one
estimate. Data derived from knowledge of NFA
hardware usage are also used to estimate quantities.
Vendor-supplied component lifetime data are used in
conjunction with reactor operations data for another
estimate. Finally, the Edison Electric Institute requested
data from the utilities on nonfuel components usage, to
which 52 reactors responded, with varying degrees of
completeness (Farrell 1990). The results of this survey,
along with historical and projected fuel discharge data,

were also used to estimate NFA components usage. All
fuel discharge information used in making these estimates
are from the EIA RW-859 Data Base (EIA 1989), for
CY-1989 data.

284.1 Baboock & Wiloax Reactors

Data supplied by B&W listed shipments of fuel
assemblies and NFA hardware components to the
reactors it built (Cooper 1986). A summary of this
information is presented in Table 2.8.3. All of the
operating reactors in the US which were built by B&W
are B&W 15 X 15 Class reactors. Several trends are
apparent upon examination of these data:

s« Most reactors received an initial complement of
NFA hardware consisting of 61 CRAs, 68 BAAs, 8
APSAs, 2 primary NSAs, and 108 ORAs. For the
second cycle, 2 regenerative (secondary) NSAs were
shipped to each reactor. Afier 7 or 8 cycles, the
regenerative NSAs appear to be replaced.

s After 4 or 5 cycles, the eight APSAs are replaced.
Given the trends at the other reactors, the 24 APSAs
shipped to Oconee 1 in November of 1979 may have
been used at Oconee 1, Oconee 2, and Oconee 3.

« BAAs, originally designed to be used in startup
operations, appear to be have been used regularly
since 1979 for additional reactivity control.
Approximately 93 BAAs have been shipped to
reactors (since 1979) for every 100 fuel assemblies.
While Three Mile Island (to 1986) had not begun
using BAAs on aregular basis, this is likely the result
of the extended shutdown of this unit after the TMI-
2 incident in 1979. Reload information for TMI-1
cycle 6 indicates the use of 68 BAAs (B&W 1986).

» Shipments of replacement CRAs are not extensive,
although some appear to have been replaced
intermittently. Larger numbers of CRAs were
shipped to Oconee 3 and Arkansas Nuclear One,
Unit 1 after about seven 'cycles of operation,
potentially indicating the gradual replacement of the
CRAs there. This is generally consistent with the
supposition that CRAs for PWRs will be replaced
one or twice during a standard 40-year reactor
lifetime.

e Only very limited numbers of ORAs have been
replaced and later reactors received fewer than the
earlier reactors. Combined with the trend in PWRs
toward removing these assemblies from use in the
core, this indicates limited numbers requiring
disposal.

These observations are used to estimate the
quantities of NFA hardware based on the following
assumpiions:

» Attotal of 10032 fuel assemblies are projected to be
discharged from B&W 15 X 15 Class reactors.

e A maximum number of CRAs can be estimated by
comparing the number of CRAs shipped to the
number of fuel assemblies shipped. This works out
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to approximately 12 CRAs and 3 APSAs for every

100 fuel assemblies.

+ An estimated 93 BAAs are used per 100 fuel
assemblies for fuel inserted after the use of fresh
BAAs in each cycle begins. Prior to this, the actual
number of BAAs shipped (554) is divided by the
total number of fuel assemblies shipped to that point
(2817). This gives an estimate of 554 from early use
and 6710 form regular use [0.93 * (10032 - 2817)],
for a total of 7264 BAAs. Overall, this works out to
72 BAAs per 100 fuel assemblies.

« The number of ORAs shipped through 1986 (784)
is taken as the total number which the CRWMS
must dispose. (8 ORAs per 100 fuel assemblies).

«  An estimated 2 primary and 8 secondary NSAs are
assumed per reactor, for a total of 80. (0.8 NSAs per
100 fuel assemblies.)

Two B&W 15 X 15 Class reactors responded to the
EEI survey. Based on EIA estimates, these two reactors
(Davis-Besse and Crystal River 3) will discharge an
estimated 2460 fuel assemblies during their lifetimes.
Estimates given by the reactors were 165 CRAs, 40
APSAs, and 2268 BAAs. This is 7 CRAs, 2 APSAs, and
92 BAAs per 100 fuel assemblies. One reactor, however,
listed future discharges of only 8 CRAs, which is almost
certainly low. These reactors also reported a total of 50
ORAs and 8 NSAs as discharged and no projected
discharges.

Based on these estimates, factors for B&W Class
reactors arc as follows:

FEstimated NFA Hardwarc from B&W Reactors
(items per 100 discharged fuel assemblies)

NFA Shipping EEl  Value
Type Record Survey Used Rationale

BAA 72 92 82  Avcrage
APSA 3 2 3 Larger

CRA 12 7 12 Better Value
ORA 8 - 8  Only Estimate
NSA 0.8 - 08  Only Estimate

28.4.2 Combustion Fnginccring Reactors

Combustion Engineering gives an estimate of
lifetimes of 4000 EFPD, 4000 or 3500 EFPD, and 1200
EFPD for its CEAs, NSAs, and instrument strings,
respectively (Hayduk 1986). Using these estimates, fuel
discharge data from the EIA, and the number of NFA
components per core, "lifetime” estimates of the usage of
NFA hardware in Combustion Engineering reactors are
obtained. These estimates are given in Table 2.8.5 and
are based on intermediate calculations given in Table
2.84. The CE reactors on which these estimates are
made will discharge 27,183 assemblies. On this basis,
quantities of NFA hardware are estimated as 13 CRAs,
0.3 NSAs, and 23 instrument strings per 100 discharged
fue! assembilies.

Seven CE-built reactors responded to the EEI survey
regarding NFA hardware usage. Five reactors gave
estimates on CEA usage. Based on the future discharges
from these reactors, the EEI survey reports about 14
CEAs per 100 fuel assemblies. Of these, three reactors
estimated the use of 4 sets of CEAs over the reactor
lifetime; the "ifetime" estimate assumed 3 sets. Another
reactor reported the only current quantities in storage; the
value reported agrees well with the "lifetime” estimate if
one assumes that the second of three sets of CEAs is
currently in-core.

Four reactors gave estimates on quantities of NSAs
and instrument strings. For these four reactors, the
"lifetime” estimate gives 26 NSAs and 1970 instrument
strings. While the number of NSAs is substantially below
the reactor estimate of 87 (1.0 neutron sources per 100
assemblies), the number of instrument strings agrees
reasonably well with the reactor estimate of 1615 strings
(18 per 100 assemblies).

Based on these estimates, factors for CE Class
reactors are as follows:

Estimated NFFA Hardware from CE Reactors
(ilems per 100 discharged fuel assemblies)

NFA Lifetime EEI Value
Type Esiimate Survey Used Rationale

CEA 13 14 13 Better Value
NSA 0.3 1.0 1.0 Larger Value
INST 23 18 23 Larger Value

2.843 Westinghouse Reactors

Information supplied by Westinghouse -

(Westinghouse 1986) with respect to CR As indicates that,
through Junc 30, 1986, Westinghouse had shipped 2841
assemblies for WE 14 X 14 Class reactors and San
Onofrc Class reactors, 5967 assemblies for WE 15 X 15
Class reactors and Haddam Neck, and 8881 assemblies
for WE 17 X 17 Class reactors. Quantities of CRAs
shipped are 234, 514, and 1467 for these same groupings,
representing 8.2%, 8.6%, and 16.5%, respectively (or 13
CRAs per 100 fuel assemblies). It should be noted that
the percentage for WE 17 x 17 Class reactors is artificially
high. This is because WE 17 x 17 Class reactors are still
being brought on-line (at least 10 of these reactors had
not discharged any fuel by the end of 1986) and the
amount of fuel discharged is very low, relative to the
number of CRAs shipped to reactor sites.

Data on WE CRAs from the EEI report is available
for 19 reactors. ‘These reactors project 2296 CRAs.
These 21 plants will discharge a total of 34,322 fuel
assemblies over their lifetimes. Adjusting this number by
a factor of 0.90 (to represent the number of reactors
reporting), approximately 8% of the assemblies will
contain CRAs.

Data with regards to BAAs indicates that the use of
burnable absorbers in Westinghouse-built reactors has
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been similar to their use in B& W-built reactors (about 20
per 100 assemblies). Early Westinghouse reactors used
borosilicate glass BAAs, presumably primarily in the first
few cycles. Around 1979, WE introduced a new type of
BAA called a WABA rod. WABA rods use a B,C-Al,0,
absorber material in an annular rod. The rod is inserted
into the fuel assembly guide tube and reactor coolant
flows through the annular portion. WABA rods and
assemblies have received significant usage since that time.
Al the Farley reactor site during the period 1986 to 1989,
387 fresh fuel assemblies were inserted (McDonaid
1986a,b, 1988, Hairstan 1987, 1989a,b). During this same
period of time, 4528 burnable absorber rods were also
inserted. This represents a minimum of 190 BAAs, and
is, more probably, representative of 380 BAAs (based on
24 and 12 rods per assembly, respectively). This is about
98 BAAs per 100 fuel assemblies. We use 95 BAAs per
100 fuel assemblies, taking the 92% figure from B&W
into account. Currently, integral burnable absorbers (in
the form of a zirconium diboride coating on selected fuel
pellets) are being used in nearly one-third of
Westinghouse-built plants (Kramer 1989). If this trend
continues, we expect the number of BAAs (o decrease.
Estimates of the total number of BAAs from WE
reactors are based upon the number of discharged
assemblies and the estimated percentage of assemblies
with BAA from several time periods, as shown in Table
2.8.6. Based on this data, approximately 28% of the
assemblies from WE-built reactors might have BAAs.

A second method for estimating the usage of BAAs
is from WE shipping records. Quantities of BAAs
shipped to reactors using array sizes of 14 X 14, 15 X 15,
and 17 X 17 (through June 1986) were 558, 1499, and
2946, representing 20%, 25%, and 33%, respectively, of
the number of assemblies shipped (28% overall).

Comparison to the number of BAAs projected by
the WE-built reactors responding to the EEI survey also
serves as a check. Fourteen of the twenty-one WE
reactors that responded t0 the survey gave both historical
and projected discharges that appeared to be real. These
reactors reported a total of 13,177 BAA discharges [One
reported number, 2298 for Plant No. 17, was an obvious
typographical error. 298 BAAs were used for this
reactor]. These 21 plants will discharge a total of 34,322
fuel assemblies over their lifetimes. Adjusting this
number by a factor of 0.67 (1o represent the number of
reactors reporting), indicates that reactors will discharge
approximately 57 BAAs per 100 fuel assemblies.

Thus, estimates from the reactors seem to be
approximately double the estimates that are obtained
from actual shipping records and estimates of usage. This
is not surprising, however, in that the actual shipping
record covers mostly time before the full-scale
implementation of recurring BAA usage. Additionally,
the estimate based on usage data assumes a significant
reduction in the number of BAAs in 1995. This implies
that assemblies being inserted into reactors at the present
time have largely ended the use of BAAs. On the other
hand, the estimates by the reactor may not fully account

for the increasing use of integral burnable absorbers.
Therefore, the average of these results (43 BAAs per 100
fuel assemblies) will be used.

An estimate of the quantity of TP As comes from the
Westinghouse reporl. As with the B&W ORAs we
assume that the number shipped as of June 1986 is that
total number that the CRWMS will have to deal with.
For array sizes 14 X 14, 15 X 15, and 17 X 17, 1680,
3166, and 3362 TPAs have been shipped. This represents
19%, 20%, and 6%, respectively (10% overall).

In the EEI survey, 17 of the 21 reactors which
responded furnished both historical and projected
quantities of TPAs discharges. These reactors reported
a total of 1775 TPAs discharges. Adjusting the number
of fuel assemblies from these reactors by a factor of 0.81
(to represent the number of reactors reporting),
approximately 6% of the assembties will contain TPAs.

Since the Westinghouse reports identifies actual
TPAs that have actually been shipped, an estimate of 10
TPAs per 100 fuel assemblies will be used.

Based on these estimates, factors for WE Class
reactors are as follows:

Estimated NFA Hardware from WE Reactors
(items per 100 discharged fuel assemblies)

NFA Shipping EEI  Value

Tvpe Record  Survey Used Rationale
BAA 28 57 43 Average
CRA 13 8 8 Better Value
ORA 10 - 10 Only Estimate

28.44 General Electric Reactors

Estimating the quantities of NFA hardware from
BWR reactors is even more uncertain than for PWRs.
Part of the reason for this difficulty is that undetermined
portions of the BWR NFA hardware has been disposed
of as Low-level waste. Of the 19 GE-built BWRs that
responded 1o the EEI survey,” 10 reported that they had
disposed of one or more of the following types of NFA
hardware: CRBs, LPRMs, neutron sources, fuel channels,
and poison curtains. For this reason, in estimating
quantities of NFA hardware from the EEI report, only
projected quantities have been used.

Data on CRBs from the EEI report are available for
16 reactors. These reactors project the discharge of 5659
CRBs. The 19 plants will have future discharges totaling
63,271 fuel assemblies over their lifetimes. Adjusting this
number by a factor of 0.84 (1o represent the percentage
of reactors reporting), the number of CRBs is
approximately 11 per 100 fuel assemblies.

Data on LPRMs from the EEI report is available for
15 reactors. These reactors project the discharge of 3792
LPRMs. Adjusting the number of projected future fuel
assembly discharges by a factor of 0.79 (to represent the
percentage number of reactors reporting), the number of
LPRMs is approximately 8 per 100 fuel assemblies.
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In the EEI survey, 12 of the 19 GE BWR reactors
which responded furnished both historical and projected
quantities of discharged channels.. These reactors
reported a total of 59,638 channels. Adjusting the
number of fuel assemblies from these reactors by a factor
of 0.63 (to represent the number of reactors reporting),
the number of channels is approximately 112% of the
number of assemblies to be discharged. This implies that
more than one channel will be used on some fuel
assemblies. However, if only historical discharges are
considered, the number of fuel channels is approximately
93% of the number of assemblies. At one time, the reuse
of fuel channels was considered to be viable, but problems
(NRC 1990) with bowing in reused channels will severely
limit this option. Tt is likely that each assembly will use a
.single fuel channel and that the use of more than one
channel on an assembly or reuse of channels will be rare.
In this light, an estimate of 100 fuel channels per 100 fuel
assemblies will be used.

Supporting information regarding the use of NFA
hardware is available. At the Susquehanna Power Station,
100 CRBs and 72 LPRMs will be characterized,
processed, packaged, transported, and disposed of as
LLW by Chem-Nuclear (Nuclear News 1991). To date,
the two Susquehanna reactors have discharged 1720 fucl
assemblies. Thus, reasonable lower limits for the number
of CRBs (6 per 100 fuel assembties) and LPRMs (4 per
100 fuel assemblies) can be estimated.

Since the EET data comes from multiple plants, those
estimates will be used as follows:

Estimated NFA Hardware from GE Reactors
(items per 100 discharged fuel assemblies)

NFA EEI N. News Value

Type Survey Value Used Rationale

CRB it 6 11 Better Value
LPRM 8 4 8 Better Vaiue
CHAN 112 - 100 Better Value

285 Radiological Properties of NFA Hardware

Because NFA hardware is not physically attached to
the fuel assemblies, it is not necessarily discharged from
the core on the same schedule as the assemblies. Some
NFA hardware is in the core for only a single cycle; other
NFA hardware is designed to last for the life of the
reactor. Additionally, some hardware resides within the
active core while some is normally positioned outside the
fueled region. Other hardware is moved between the two
regions routinely.  For these reasons, radiological
* characterization of NFA hardware requires procedures
taitored to suit the various cases. A method for
estimating the radiological properties of NFA hardware,
based on the application of previously calculated zone
factors to ORIGEN? data, has been developed. In the
method, radiological properties of irradiated NFA
hardware are based upon the materials of construction, a

weighted neutron flux scaling factor, and the duration of
the component’s exposure to the neutron flux.
Experimental radiological characterization of NFA
hardware that is currently ongoing at Pacific Northwest
Laboratories will be available in the future and will
provide a basis for checking these calculated parameters
and, if appropriate, adjusting the values.

Because of the severe conditions which materials are
exposed to in the core of a nuclear power reactor,
relatively few materials have been used in the fabrication
of NFA hardware. These materials are alloys of
zirconium (Zircaloy-2 and Zircaloy-4), alloys of nickel
(Inconel-625, Inconel-718, and Inconel X-750), stainless
steels (stainless steel 304), and strongly neutron-absorbing
materials (hafnium, a silver-indium-cadmium alloy, and
boron carbide - both in powder form and contained in an
aluminum oxide matrix). The elemental compositions of
many of the structural materials used in NFA hardware
are given in Table 2.7.3. Because they are the precursors
to the isotopes that determine low-level waste
classifications, the initial amounts of nitrogen, nickel,
cobalt, and niobium in these materials are of particular
interest. Nitrogen in the materials is activated to C;
natural nonradioactive isotopes of nickel are activated to
5Ni and ®Ni: natural niobium activates to *Nb; each of
these isotopes must be considered towards the Class C
limit. For niobium in particular, trace quantities may be
sufficient for the material to exceed the Class C limits
after irradiation. The amount of cobalt in the material is
a concern only for dose rate considerations; cobalt is not
a factor in Class C limit calculations. Since these trace
quantities do not significantly affect the physical and
chemical characteristics of the material, the actual amount
may not be measured by the ingot manufacturer or
hardware fabricator. As with SFD hardware and intact
fuel assemblies, the radiological characterization of
materials irradiated in the core of the reactor is based on
ORIGEN2 calculations. ORIGEN2 radionuclide
inventories for many of the materials (SS304, Zircaloy-2
and 4, Inconel-718 and X-750) used in NFA hardware
have been developed and are described in Section 2.7.3.
ORIGEN2-calculated inventories for other materials (Ag-
In-Cd, B,C/AlLLO, mixtures, etc) are scheduled for
development and will be published separately. The results
of these calculations are directly applicable to materials
irradiated in the core’s fueled region.

Outside the fueled region, the ORIGEN2 results
must be scaled down because of a decrease in the
neutron flux and shifts in the neutron spectrum. For
NFA hardware, as with SFD hardware, much of the
material of interest is located outside the fueled region, at
or beyond the end fittings. To estimate the radionuclide
inventory in these components, scaling factors are used to
compensate for the decreased neutron flux outside the
fueled region. The scaling factors used in these
calculations for the top end fitting, gas plenum, and
bottom end fitting zones are based upon the data of
Luksic (Luksic 1989). These factors, which have an
uncertainty of +50%, are presented in Table 2.8.7.
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Because much of the NFA hardware is located beyond
the top and bottom end fittings of the fuel assemblies,
two additional neutron exposure zones have been used.
In both zones, the neutron scaling factor is assumed to be
10% of the applicable neutron scaling factor in the zone
adjacent to it. These flux scaling factors are also
presented in Table 2.8.7. These factors are intended for
average radionuclide inventory estimates, and should not
be applied to small sections due to significant variations in
the neutron flux with respect to even a small change in
position.

In order to simplify the application of these factors,
weighted scaling factors have been developed for each
type of NFA hardware used by each of the major reactors
vendors. These weighted scaling factors represent the
neutron flux, relative to the core flux, that each type of
hardware receives. It is obtained by summing the
products of the scaling factor by the percentage of the
NFA hardware component in that exposure zone. These
percentages were obtained by analysis of information
provided by the fuel vendors on NFA hardware (Cooper
1986, Hayduk 1987, Westinghouse 1986).  These
percentages, as well as the weighted scaling factors are
presented in Table 2.8.8.

The weighted scaling factors represent only the
relative flux. Since the total exposure to the neutron flux
is also a function of the duration of the exposure to the
neutron flux, allowance for the number of cycles of
irradiation must be made. Table 2.8.9 presenis the
estimated number of cycles of irradiation for each type of
hardware, the number of cycles per assembly lifetime, the
weighted scaling factors, and an overall exposure factor.
The overall exposure factor is obtained by multiplying the
number of cycles of irradiation by the weighted scaling
factor and dividing by the number of cycles per assembly
lifetime. The overall exposure factor represents the
averaged exposure to the neutron flux in the reactor core
relative (o an assembly lifetime. Thus, when multiplied by
the ORIGEN2 radionuclide inventories for materials
irradiated incore for one assembly lifetime, the overall
exposure factor gives the estimated radionuclide
inventories for the NFA hardware. Components which
are largely in the incore zone for longer than an assembly
lifetime will have overall exposure factors greater than
unity.
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Table 2.8.1 Sample Physical Description Report from LWR NFA Hardware PC Data Base

Physical Description Report Page 1
Assembly Class: CE SYSTEM 80
Component Name: 12 Rod Full-Length Control Element

Designed for:
Fuel Assembly with array size: 16 X 16
Pressurized Water Reactor

Dimensions:
Total Length: 253 inches
Total Weight:  192.2 pounds

Cladding:
Material: Inconel 625
Outer Diameter: 0.816 inches
Wall Thickness: 0.035 inches
Diametral Gap: 0.009 inches
Absorber:
Primary Material: B4C (CE)
Absorber Length: - 148 inches
Pellet Diameter: 0.737 inches
Plenum Spring Material: St.Steel 302
Spider Material: St.Steel 304
Number of Control Rods: 12
Life Expectancy: 4000 Effective Full Power Days
Comments:

These CEA's fit simultaneously into 5 assemblies in the core.
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Table 2.8.1 (cont.) Sample Physical Description Report from LWR NFA Hardware PC Data Base

Physical Description Report

Asscmbly Class:
Component Name:

Composition:

Material

St. Steel 304
Inconcl 625
Boron Carbide
St. Stecl 304
Inconcel 625
Boron Carbide
St. Steel 304
Inconel 625
Boron Carbide

CE SYSTEM 80
12 Rod Full-Length Control Element

Weight (kg)

817
53.62
20.90

8.17
53.62
20.90

0.68

2.20

1.60

Usable at the Following Reactors:

Palo Verde |

Palo Verde 2

Fucl Asscmbly Types Usable at these Reactors:

CE SYSTEM 80 16 X 16 CE

Page 2

Neutron Zone

Above Top End Fitting
Above Top End Fitting
Above Top End Fitting
Top End Fitting

Top End Filting

Top End Fitting

Gas Plenum

Gas Plenum

Gas Plenum

Palo Verde 3

Dl
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Table 2.8.2

Reactor
Vendor

B&W

CE

WE

GE

Summary of estimated quantities of NFA hardware.

Type of
NFA Hardware

Burnable Absorbers

Axial Power Shaping Assemblies
Control Rod Assemblies

Orifice Rod Assemblies
Neutron Source Assemblies
Instrumentation

Control Element Assemblies
Neutron Sources
Instrument Strings

Control Asscmblies

Burnable Absorber Asscmblies
Thimble Plug Assemblies
Instrumentation

Cruciform Control Blades
Local Power Range Monitors.
Fuc] Channcls

Other Instrumcentation

2.8-19

Number per
100 Assemblies

82
3
12
8
0.8
NA

13
1.1
23

8
43
10
NA

11
8
100
NA

Estimated Number Total
of Assemblies* Pieces

13,145 10,800
394

1,580

1,050

105

NA

27,183 3,530
299
6,250

87,143 6,970
37,500

8,714

NA

155,181 17,100
12,400

155,181

NA

* Basced on 1989 EIA RW-859 Historical Discharges and No New Orders Case Projections through 2040
(Reference 12). Data for B&W include B&W 15 X 15 and B&W 17 X 17 Class reactors. Data for CE
include CE 14 X 14, CE 16 X 16, CE SYSTEM 80, Fi. Calhoun, and St. Lucie 2 Class reactors. Data for
WE include WE 14 X 14, WE 15 X 15, WE 17 X 17, SOUTH TEXAS, San Onofre 1, and Haddam Neck
Class reactors. Data for GE include GE BWR/2,3 and GE BWR/4-6 Class reactors. NFA hardware
estimates for Big Rock Point, Dresden 1, Humboldt Bay, Indian Point 1, LaCrosse, Palisades, and Yankee
Rowe Class reactors arc not included in this table.
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Table 2.83  Shipment records of Fuel Assemblies and NFA hardware components from B&W to B&W-built

reactors.®

Number Number Number Number Number Number
Shipment of of of of of of

Reactor Cycle Date FAs CRAs APSAs BAASs ORAs RNSAs
Ark. Nucl. One 1 1 3774 177 61 8 68 108 -
2 377 56 - - - 2
3 11/77 56 - - - - -
4 1779 64 - - 5 - -
5 11/80 68 - 8 64 - .
6 10/82 72 - - 64 - -
7 11/84 68 12 - 64 - -
8 4/86 64 13 - 64 - -
Crystal River 1 5176 177 61 8 68 72 -
2 11778 56 - - 3 2

3 3/80 - 61 - - -

4 6/81 51 - - 64 - -
5 7/82,5/83 76 - - 60 - -
6 2/85 60 - 8 40 - -
Davis-Besse 1 11/76 177 53 8 68 57 -
2 4/80 52 - - - 2
3 8/81 40 - - - - -
4 6/83 48 - - - - -
5 6/84 64 - - 64 - -
6 8/86 64 . 8 64 - -
Oconee 1 1 2173 177 61 8 68 108 -
2 7774 61 - - - 2
3 10775 60 - - - - -
4 5177 61 - 1 - - -
5 8/78 56 - - . - -
6 11/79 48 8 24 * 64 - -
7 7/81 68 - - 60 - -
8 6/83 65 - - 60 - -
9 10/84 64 - 10 60 - -
10 1/86 60 - - 52 - 2

FA - Fuel Assemblies

CRA - Control Rod Assemblies

APSA - Axial Power Shaping Assemblies

BAA - Burnable Absorber Assemblies

ORA - Orifice Rod Assemblies

RNSA - Regenerative Neutron Source Assemblies

* Appears to be 3 sets of 8 APSAs; one set for Oconee 1, one set for Oconee 2, and one set for Oconee 3.
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Table 2.8.3 Shipment records of Fuel Assemblies and NFA hardware components from B&W to B&W-built

reactors.
Number Number Number Number Number Number
Shipment of of of of of of
Reactor Cycle Date FAs CRAs  APSAs BAAs ORAs RNSAs
Oconee 2 1 10/73 177 61 8 68 108 -
2 6/76 56 - - - - 2
3 5mM 56 - - - - -
4 10778 56 - - - - -
5 1/80 68 - - 56 - -
6 10/81 72 - - 64 - -
7 9/83 72 - - 64 - -
8 1/85 68 - 8 60 - -
9 6/86 60 4 - 60 - 2
Oconee 3 1 5775 177 61 8 68 108 -
2 5777 56 - - - 2
3 6/78 56 - - - - -
4 8778 56 - - - - 1
5 379 56 - - - - -
6 9/80 68 - - 60 - -
7 6/82 72 - - 64 - -
8 2/84 68 13 - 60 - -
9 6/85 68 - 8 60 - -
Rancho Seco 1 10/73 177 61 8 68 108 -
2 6.77 56 - - - 2
3 5/78 56 - - - 4 -
4 11779 52 - - 52 - -
5 2/81 56 - - 56 - -
6 6/82 40 - 8 48 - -
7 12/84 56 2 1 56 - -
Three Mile Island 1 1 3/74 177 62 8 68 108 -
2 12/75 56 - - - 2
3 12/76 61 - - - 4
4 1778 60 - - - - -
5 1/79 54 3 8 - . -
6 11/85 59 - - - . .

FA - Fuel Assemblies

CRA - Control Rod Assemblies

APSA - Axial Power Shaping Assemblics

BAA - Burnable Absorber Assemblies

ORA - Orifice Rod Assemblies

RNSA - Regenerative Neutron Source Assemblies
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Table 2.8.4 Calculation of Total Effective Full Power Days for CE-built reactors, based on Historical and
Projected Fuel Discharges.

Power Hist./  Discharges  Average Total Power
Reactor Level Proj. (MTU)* Burnup* (MW days) EFPD
Ark.Nucl.One,Unit 2 2815 H 176.1 31,837 26,054,000 9,255
P 4584 44,607
Calvert Cliffs 1 2700 H 2749 31,089 29,206,000 10,817
P 440.8 46,868
Calvert Cliffs 2 2700 H 235.0 32,832 29,250,000 10,833
P 438.8 49,076
Fort Calhoun 1500 H 154.0 3