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Docket No. 50-336

B11777

Director of Nuclear Reactor Regulation
Attn: Mr. Edward 3. Butcher, Chief

Operating Reactors Branch No. 3
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Gentlemen:

Millstone Nuclear Power Station, Unit No. 2
Reply to Request for Additional Information on Spent Fuel Storage Capacity

In September,1985(1) the Staff requested additional information concerning a
Northeast Nuclear Energy Company (NNECO) request (2) to modify the Technical
Specifications concerning the spent fuel storage capacity at Millstone Unit
No.2.

Attachment No. I to this letter provides the response,in a question and answer
format, to the fourteen questions contained in the Staff's request for additional
information.

(1) E. 3. Butcher letter to 3. F. Opeka, " Request for Additional Information on
Spent Fuel Storage Capacity Expansion for Millstone Unit No. 2", dated
September 5,1985.

(2) 3. F. Opeka letter to E. 3. Butcher, " Millstone Nuclear Power Station, Unit
No. 2, Proposed Change to Technical Specification Modifications to Spent
Fuel Storage Pool", dated July 24,1985.
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'We trust that the information provided is sufficient, and we remain ready to
address any further questions as they arise to support expeditious processing of
our pending amendment request.

Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY

JF Oesu
3. F. Opeka
Senior Vice President

*cu'
By: E. J Wroczka /
Vice Pre dent

.
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Attachment No.1

Millstone Nuclear Power Station, Unit No. 2

Response to Request for Additional Information on

Spent Fuel Storage Capacity

October,1985
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Question RAB #1.1 Sources in the Spent Fuel Pool Water:

Provide a description of fission and corrosion product sources in the spent fuel
pool (SFP) water from: (a) introduction of primary coolant into SFP water,
(b) movement of fuel from the core into the pool, and (c) defective fuel stored
in the pool. Include a listing of the radionuclides and their concentrations
(expressed in uCl/mL) expected or measured during normal operations and
re fueling. The radionuclides of interest should include 58 o,60 o,134 , andC C C
137Cs.

Response:

The typically measured, post-shutdown levels of fission and corrosion products in
the primary coolant during refueling outages are as follows:

Radionuclide Concentration (uCi/ml)

Co-58 1.17 E-3
Co-60 2.033 E-4
Cr-51 1.965 E-4
Cs-134 3.815 E-3
Cs-137 5.784 E-5
1-131 6.016 E-5
Mn-54 9.77 S-6
Nb-97 1.713 E-4
Sr-92 1.337 E-5

The movement of fuel from the reactor vessel to the spent fuel pool has
typically been shown to have a negligible effect on the levels listed above. Spent
fuel pool samples do exhibit a peaking effect in isotopic concentrations
immediately after opening the fuel transfer canal gates and allowing the free
flow of reactor cavity water into the pool area. However, the radionuclide
concentrations listed above are representative of the bounding values.

'
. - - - - - - - - _ _ - -
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RAB //l.2 Airborne Radioactive Sources:

Provide a description of radioactive materials that may become airborne as a
result of failed fuel and evaporation (e.g., 85 r and SH, respectively). TheK
radionuclide description should include calculated or measured concentrations
expected during normal operations and during refuelings.

Response:

The principle sources for the evaporation mechanism to generate airborne
radiological hazards are the fission gases entrained in the spent fuel pool water.
In this category, the isotopes Kr85 and H-3 are of the most concern but only H-3
is evident in appreciable quantities during normal operations and refuelings. The
peak H-3 concentration in the spent fuel pool water during the 1985 refueling
outage was measured as 3.2 E-2 micro-curies per milliliter.

The design maximum spent fuel pool water temperature under normal operation,
with the increased amount of stored spent fuel, increases from 1220F to 1310F.
This small increase in the water temperature will result in an increase in the
evaporation rate from the pool. While this increase in the evaporation rate will
result in an increase in tritium exposures to plant personnel working in the area
of the spent fuel pool, the present levels of dose commitments from tritium
exposure in the spent fuel building are below the levels required for tracking per
10 CFR 20. The calculated increase in tritium exposures, due to the increased
fuel storage capacity, is approximately 28% and is not deemed as significantly
increasing personnel dose commitments.

,
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R AB #1.3 Miscellaneous Sources of Exposure:

Address the effects of more frequent replacement of demineralizer filters on
cumulative dose equivalent if this is a factor that results from the modification.

Response:

The spent fuel pool cleanup filters are required to be changed when clogging of
the filter element results in a high differential pressure across the filter.
Historically, this high differential pressure occurs rarely during normal
operations and three (3) to four (4) times during periods of increased activity in

~

the spent fuel pool (e.g. a ref uel outage). The proposed modification to the spent
fuel pool will result in an increased inventory of spent fuel in the storage pool.
However, as a general rule, the water borne contamination levels have been
found to be a function of work activities in the pool and not a function of fuel
inventory. Therefore, the modification of the spent fuel pool is not expected to
result in a significant change to the spent fuel pool cleanup filter changeout
periodicity.

- _ - _ _ _ _ _ _ _ _ _ _ _
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Question R AB #2:

In Section 5.2.2, " Radiological Considerations", provide the basis, models, input
data, and assumption for predicting the radiological impact of increasing the
spent fuel pool capacity to I112 assemblies.

R esponse:

The " Radiological Considerations" used in Section 5.2.2 for predicting the
radiological impact of increasing the spent fuel capacity to 1112 assemblies
draws its basis from previous results of dose rate predictions contained in the
1976 Millstone Unit No. 2 Spent Fuel Pool Rerack Submittal, Section 7.0.

The basis, models, input data and assumptions for originally predicting the
radiological impact of increasing spent fuel pool storage capacity from 301 to
667 assemblies were as follows:

The additional spent fuel assemblies in the pool would result in an increase in
dose rates in the spent fuel pool area due to a buildup of radionuclides in the pool
water. To determine the amount of increase, a calculational model was devised
which considered the leakage of the isotopes from the fuel to the pool water, the
decontamination factor and flow rate of the spent luel pool purification system
the isotopic half-lives, and the decay time of the stored spent fuel.

Using the resulting model, the activity in the spent fuel pool was predicted for
the original 301 assembly pool capacity and for the increased 667 assembly
capacity. Activity due to isotopes of cobalt was assumed to be from radioactive
crud in the pool water and therefore not affected by the number of assemblies
stored in the pool.

From this model, the dose rate at the pool surface was found to increase from
1.55 to 1.66 millirem per hour when the pool capacity was increased from 301
assemblies to 667 assemblies. On the refueling platform, five feet above the
center of the pool, the dose rate increased from 2.36 to 2.54 millirem per hour.
At poolside, one foot from the pool wall and five feet above the surface, the
dose rate increased from 1.43 to 1.54 millirem per hour.

These resulting small increases in dose rate were found to have a negligible
effect on personnel exposure. For example, assuming an occupancy time of 400
man-hours per year at the refueling platform and 200 man-hours per year at
poolside for refueling operations, the total incremental dose resulting from the
original expansion of pool capacity from 301 to 667 assemblies was 0.100
man-rem per year.

|

|

|
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Ouestion R AB #3 Dose Rates from Fuel Assemblies, Control Rods, and Burnable
Poison Rods:

a. Provide a description of the dose rate at the surface of the pool water
from the fuel assemblies, control rods, burnable poison rods or any
miscellaneous materials that may be stored in the pool. Additionally,
provide the dose rate from individual fuel assemblies as they are being
placed into the fuel racks. Information relevant to the depth of water
shielding the fuel assemblies as they are being transferred into the racks
should be specified. If the depth of water shielding over a fuel assembly
while it is being transferred to a spent fuel rack is less than 10 feet, or the ,

dose rate 3 feet above the spent fuel pool (SFP) water is greater than 5
mR/hr above ambient radiation levels, then submit a Technical
Specification specifying the minimum depth of water shielding over the
fuel assembly as it is being transferred to the fuel rack and the measures
that will be taken to assure that this minimum depth will not be degraded.

Response:

a. The current inventory of spent fuel, control rods, burnable poison rods and
waterborne fission and corrosion product contamination results in spent
fuel pool dose rates of:

o 15 millirem per hour on pool surface at the center of the pool

o 12 millirem per hour three (3) feet above pool surface at the center of
the pool

o 7 millirem per hour on the fuel handling bridge at the center of the pool

The predominant contributor to these dose rates is waterborne
radioactivity.

The minimum water coverage over irradiated fuel in movement is
approximately 95 (nine and one-half) feet above the irradiated fuel stack.
This was determined by actual measurement in the Spent Fuel Pool. This
assumes the fuel handling tool is at its upper electric limit and the spent
fuel pool water level is at minimum allowable level. Typically, irradiated
fuel in . movement would have greater than 95 feet of water over the
irradiated fuel stack since we do not move fuel with the fuel handling hoist
at the Upper Electric Limit nor do we typically have Spent Fuel Pool Level
at the minimum level.

No noticeable difference in radiation levels have been measured above the
fuel pool when irradiated fuel movement is in progress with the water
coverage described above.

Further, when the new spent fuel pool racks are fully installed in the fuel
mol with all old racks fully removed, additional water coverage over
rradiated fuel may be provided since the new racks will be at a lower

c!cvation in the fuel pool. The old racks are supported by a steel
understructure which will also be removed. The new racks are freestanding

- - _ _ _ _ _ _ _ _ _ _ - __ _ _ _ _ _ - . _ _ _ _ _ - - _ _ _ . _ _ -
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Ouestion R AB //3 (Cont.)

i on the pool floor liner and do not need this understructure. Up to one (1)
; foot of additional shielding can then be utilized by changing the fuel
' handling tool / sling arrangement to allow the fuel to be moved with more
,

water coverage. Af ter the rerack is complete, as built measurements will
be taken to assess how much increased water coverage may be provided.i

Based on these considerations, the need for a technical specification
minimum water coverage is not considered necessary.
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Question RAB #3b: ,

.
Address the dose rate changes at the sides of the pool concrete shield walls,

! where occupied areas are adjacent to these walls, as a result of the modification.
Increasing the capacity of the pool may cause spent fuel assemblies to be
relocated closer to the concrete walls of the pool, resulting in an increase of
radiation levels in occupied areas. Please evaluate this potential prob!cm.

Response:

The proposed spent fuel rack design does provide for the storage of spent fuel
assemblies approximately fourteen (14) inches closer to the walls of the spent
fuel pool. However, the minimum thickness of the high density concrete walls
and floor of the spent fuel pool is six (6) feet. The fractional change in the total
shleid transmission factor when going from a six (6) foot concrete and eighteen
(13) inch water composite shield to a six (6) foot concrete and three (3) and five
sixteenths (5/16) inch water shleid is insignificant!y small.

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _
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Question R AB #4:

Provide information on the dose rates at the surface of SFP water resulting from
radioactivity in the water. Include: (1) dose rate levels in occupied areas and
along the edges and center of the pool and on the fuel handling crane; (2) effects
of crud buildup; and (3) based on refueling water activity, the dose rates before,
during, and af ter ref ueling.

R esponse:

The typically measured post shutdown levels of fission and corrosion products in
the primary coolant during refueling outages were given in the response to
Question RAB #1. As stated, samples of spent fuel pool water exhibit a peaking
effect in isotopic concentrations immediately af ter opening the fuel transfer
canal gates and allowing the free flow of reactor cavity water into the pool area.
The peak tritium concentration in the spent fuel pool water during the 1985
refueling outage was measured as 3.2 E-2 uCi per ml. The measured dose rates
given in the response to Question RAB #3 are predominantly a result of
waterborne radioactivity.

1
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Question R AB #5 Dose Rates from Airborne isotopes:

Based on the source terms, provide the dose rates from submersion and dose
commitments from Inhalation of airborne activity for exposure to the

85 r and 3concentrations of HK

Response:

As explained in the response to Question RAB #1.2, the principle isotope of'

concern with respect to airborne hazards is H-3.

The design maximum spent fuel pool water temperature under normal operation,
with the increased amount of stored spent fuel, increases from 1220F to 1310F.
This small increase in the water temperature will result in an increase in the
evaporation rate from the pool. While this increase in the evaporation rate will
result in an increase in tritium exposures to plant personnel working in the area
of the spent fuel pool, the present levels of dose commitments from tritium

,

exposure in the spent fuel building are below the levels required for tracking per
10 CFR 20. The calculated increase in tritium exposures, due to the increased
fuel storage capacity, is approximately 28% and is not deemed as significantly

'

increasing personnel dose commitments.
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Question R AI; #6 (1):

(1) Discuss the manner in which occupational exposure will be kept ALARA
during the modification. Include the need for and the manner in which
cleaning of the crud on SFP walls will be performed to reduce exposure
rates in the SFP area.

Response:

The modification procedures for reracking the spent fuel pool will incorporate a
number of ALARA controls including:

o the establishment of visible work zone barriers for diving operations in the
pool at a distance no closer than the seven (7) foot line from the nearest
filled spent fuel rack.

o the use of remote operations, where practical, for rack removal and
replacement operations,

o the moving and storage of spent fuel assemblies between rack removal
steps in such a manner as to ensure the older availabic spent fuel
assemblies are located nearest the seven (7) foot fuel line.

the hydrolasing and cleaning of old spent fuel racks in another location,O

outside the spent fuel pool, in order to keep pool water contamination
levels and manhours spent in and around the pool to a minimum.

There is no appreciable level of contamination on the walls of the spent fuel pool
which would present a measurable dose rate to the personnel involved in diving
operations, therefore no cleaning of the pool walls is planned.

- _ _ _ - _ - - _ _ _ _ _ -
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Question R AB #6 (2):

Discuss vacuum cleaning of SFP floors if divers are used and the distribution of
existing spent fuel stored in racks to allow maximum water shielding to reduce
dose rates to divers.

Response:

The floor of the spent fuel pool will be vacuumed as old racks and components
are removed, thereby allowing access to these areas.

The diver work area will be established such that there is a seven (7) foot wide
buffer zone between the diver and the nearest filled spent fuel rack.
Additionally, the older available spent fuel assemblies will be placed in the
storage locations nearest the seven (7) foot buf fer zone.

. _ _ _ __ _ - _ - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ -
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Question RAB #6 (3):

Describe plans for cleanup of the SFP water to minimize radioactive
contamination and to ensure fuel pool clarity and underwater lighting acceptance
criteria to help ensure good visibility.

Response:

The fuel pool cooling and cleanup filters will be maintained in an operating
condition throughout the reracking process. The filters are changed at a pre-
established high differential pressure reading, and are expected to reach this high
differential pressure at a frequency somewhat greater than the previously
experienced three (3) or four (4) times during normal refueling outage periods of
heavy pool work activity.

In addition to the use of the normal fuel pool cleanup systems, water clarity will
be aided by local, high volume water vacuuming during evolutions which would
generate increased levels of waterborne contaminants.

Existing station procedures require that the diver and work area must be clearly
visible to Health Physics personnel providing the controls.

|

|

|
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Question R AB #6 (4):

Discuss underwater radiation surveys that will be made before any diving
operation. These surveys should be performed during or af ter any fuel movement
or movements of any irradiated components stored in the pool.

Response:

The existing Health Physics Procedure specifying requirements for underwater
spent fuel pool work requires that radiation surveys be performed prior to any
diving operations on a daily basis. These surveys are performed usir.g two
different survey instruments and a complete survey of the work area is required
af ter any movement of fuel or any irradiated component. Results of the survey
are documented on detailed survey maps and clear work area boundaries, entry
and exit routes are designated for the diver to minimize exposure.

,

Additionally, the procedure requires that an operable survey instrument
monitoring dose rates be maintained in close proximity to the diver and that the
entire work area be surveyed twice per shif t.
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Question RAB #6 (5h

State your intent to equip each diver with a calibrated alarming dosimeter and
personnel monitoring dosimeters, which should be checked periodically to ensure
that prescribed dose limits are not being exceeded.

Response:

The existing Health Physics Procedure specifying requirements for underwater
spent fuel pool work requires that each diver be prepared by establishing at least
two waterproof packets containing a TLD, a High Range Dosimeter, and a Low
Range Dosimeter. One monitoring packet is to be placed on the part of the body
expected to receive the highest radiation dose. The other monitoring packet is
to be placed on the upper chest. Each diver will wear extremity rings and/or
additional TLD's as required and an audible alarm dosimeter with fresh batteries
will be placed inside each diving helmet.

Prior to a dive, a maximum allowabic stay time, based on radiation levels, before
the diver must surface to have dosimeters read will be established by Health
Physics personnel and explained to each diver. During a dive each diver will be
equipped with a safety line and continuous voice communication with surface
personnel.

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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: Ouestion R AB //6 (6):

' Discuss any preplanning of work by divers as required.,

- Response:

The existing Health Physics Procedure specifying requirements for underwater
spent fuel pool work requires that Health Physics Personnel designate clear work
area boundaries, entry and exit routes, and discuss the job, radiation levels and
pool conditions with each diver prior to a dive. Discussion of the job with the
divers will entail use of a spent fuel pool model developed by NU specifically as
a training aid. In addition, full size and half size " mock-up" models will be
utilized in conjunction with the engineering drawings.to identify the scope of the
individual activities associated with each particular dive. Additionally, an
allowable stay time is determined by Health Physics personnel and explained to
each diver before a dive.
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Question R AB #6 (7h

Discuss your provision for surveillance and monitoring of the spent fuel pool
work area by Health Physics personnel during the modification.

,

Response:

The existing Health Physics Procedure specifying requirements for underwater
spent fuel pool work requires that Health Physics personnel provide continuous
Health Physics coverage and an approved Radiation Work Permit is required for
all diving. Additionally, with a diver in the water, an operable survey instrument
monitoring dose rates-in close proximity to the diver is required as is a periodic
(i.e. twice per shif t) survey of the entire work area. The procedure requires that
whenever there is a change in on-the-job Health Physics coverage, the technician
going off duty must thoroughly brief the person coming on duty about the status
of the work and the radiological conditions. The procedure also requires that
each diver be equipped with a safety line and continuous voice communication
with surface personnel and that all diver support personnel understand required
diving vendor emergency diver rescue procedures.

_ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ - - _ _ _ - _ _ _ _ _ - - _ - _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _
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Question CPB #1:

You have not described or provided detailed results of the benchmark
calculations for your methods which provide values of uncertainties and biases
when calculating (1) fuel parameters includin
configurations, (3) boron as used in Region I, (4) g burnup, (2) your fuel poolburnup effects as in Region II.
Please describe these analyses and their applicability to your configurations and
parameters, and present relevant results and conclusions on uncertainties. In
particular, discuss the effects of axially non uniform burnups and reactivity
parameters and their uncertainty (including' extreme ranges which might be
encountered). If some of this information has been presented (and approved) in
other applications these may be referenced, but include a summary, basis for
applicability, and results for your configurations.

Response:

Appendix A attached is a copy of the Combustion Engineering validation report
showing how the bias and uncertainties are determined. The critical experiments
cover a wide range of parameters, including experiments with boron between
fuel clusters as in Region I of the Millstone Unit No. 2 racks. The critical
experiments also include steel between fuel clusters as in Region II.

The CEPAK lattice program is used to calculate the fission product and
transuranium isotopic content in burned fuel. The attached figure (Figure 1.1)
shows good agreement between the predicted and measured plutonium isotopic
concentrations for a Yankee-Rowe asymptotic f uel pin.

Fission products are calculated by the CINDER module in CEPAK. Fourteen (14)
fission prcduct chains representing the more important fission products are used
instead of the sixty-nine (69) chains employed in WAPD-TM-334*; the difference
in fission product poisoning between the condensed and detailed fission product
chain is treated as a lumped fission product for each fissioning nuclide.

The possible reactivity changes in the fuel subsequent to removal of the fuel
from the reactor for storage in the spent fuel racks are also calculated. Fuel
nuclide concentrations appropriate to the end of the 3000 hour cooling period are
used to calculate the microscopic cross sections for use in the DOT analyses of
the effective multiplication of Region II.

The maximum reactivity change due to the axial burnup shape was determined by

analyzing (cosine axial shape, and a flat
the two extreme axial shapes that have been observed in reactor core

dis tribution). The two extremeanalysis
distributions were picked from axial shapes taken from reactor core analysis; as
expected, the cosine-like shape occurred at the end of Cycle I as shown in
Figure 1. The flattest distribution occurred at the end of what is considered an
equilibrium cycle (Figure 2). The axial average for both of these burnup shapes

*T. R. England, " CINDER - A Point Depletion and Fission Product Program,"
WAPD-TM-334, Revised June 1964.
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Question CPB #1 (Cont.)

was calculated. The average burnup became the uniform burnup case, which did
not take into consideration the axial shape. The reactivity was calculated for
both the uniform burnup and the actual burnup profiles (Figure 1 and 2). The
effective multiplication factors were calculated using KENO assuming the entire
Region 11 rack was full of fuel with the same burnup shape. The ef fective
multiplication factors obtained using the KENO code are as follows:

a) Assembly discharged at EOCl
Uniform Burnup Distribution Non-Uniform Burnup Distribution
0.97575 1 00306 0.965840 1 003530

b) Assembly discharged at EOC6 (Equilibrium)
Uniform Burnup Distribution Non-Uniform Burnup Distribution

2 00145 1.008340.99720 0 1 001640

The analysis shows that the assumption of uniform burnup axially may result in
underestimating the multiplication factor in some cases, and overestimating it in
other cases. For the Millstone Unit No. 2 Region II spent fuel racks, the
resulting reactivity difference for the EOC6 was 0.0114 delta K effective, which
was conservatively determined to be equivalent to 1800 mwd /t. The Region II
allowable (average) burnup for each initial enrichment reflects this reactivity
penalty.

i
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APPENDIX A

OUALIFICATION OF ANALYTICAL
METHODS USED IN SPENT FUEL

STORAGE RACK ANALYSES

I. Purcose .

The :urpose of this memo is to :revide cualification of the calculational*

model and evaluation of calculational un:ertainties and/or bias factors
* used in analy:in: scen: fuel s:Orace racks, es:ecially the HI.CApTM racks

er.cloyin: steel b:xes and super HI. CAPS c:ntaining bcr:n carbide poiser..
This is based on the analysis of a variety of reac:cr and laborat:ry
ex:erimen s. The re nots of cross se:-icn generati:n are essentiaily
th:se'nf C.E's :nysi:s design Or::e:ures ::dified appr::riately f:r -

use'in f:ur gr: : rans::r , discre:e cr:ina:e me n d criticality :a,1:ula.
ti:ns, and M:::e Cari: c::es.

-

.t , c. s. . . . , , . 4 . . . - n...........,... ...... .s 4.,,... .... . . . . . . .,

The-results f :ne analysis cf a series :f '.' ; :riti:a1 ex:eri er.:s a e
s....... 4..e. < ., :. .. ...s....a..s. ,.. . ....,... ..s... .w. ......s .,s .e. ... . . . . . . . . .. . . . . . . . .. ....4...... .. . ..

ty Sa.*in (7.efe er.:e 1) f:r CEFA:: 2.2, wn;:- s usi: 'n :resen; s:: rare

rz:t :al:uit:i:rs. Ta:1e I in:1.:es ne -=t- an: s:ar.:a r: :evia:1 n f:r
:nis CEF'< =::el.

As. . . . . . . .. . . . . : . . . . . . . .4. ) 3 au. 4.:n.#.:. "n =. '. 1 ". x . '. s . . d. '. ". . '. . .. w.as c'...ine.dd ' '..v. . . . . . . . .

use :f a di# fusi:n ne:ry ::de su:n as F: -7, trans::r: ::rre :icns f:r

~
tee refie:::r an: ne:er:;eneous la :i:e effe::s were er:icyed. Thus, f:r
exam:le.in F.eferen:e E ne ".3 w/ infinite ia::i:e Of ciese :acke:
asse: lies in r::= ernera:ure wa:er nad a Keff cf 1.45'T in F:Q and
1.4565 in 007, the :enserve-ive bias in 007 cf 0.0021 will be ign red.
These calculati:ns su:::r: use of :ne differen 'ti :r:ss.se::icn da a base
and br:ad gr: p cr:ss se::icn genert:icn :::es.

Since fuel s:Orage arrays do involve the s: acing of the fuel assemblies at
larger se:arati:n distan:es than in ty:i:a1 PWP. rea:::r la::i:es the :re-
di:-ive ca:acility of the :ticula:icnai :::ei was :es:ed on the f:liewin;
ex:erimen:s. In these analyses d:ne f:- :nis ;er:, :ne s:a:'.ai fiux
s:1;;i:n was :::tir.e: cire::iy si r. One trans::r. :::e, ANISN. To assess
the ac:ura:y of :ne calcula:icnal :::el in Ore:i::ine :ne multi:li:1:i:n

'

fa::Or Of fuel asser:iies having a se: ara:icn cis:anie sufficiently lar;e
se as :o te isciate , analyses were carrie: cu: f:r a grou: Of su::riti:al

A.1

.

$

. _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _



.. . _ _ __ _ . _ _ ___ - _ ._ _ _ _ _ -

1 I

.
-

..- .
,

*i

. . ,
-

.

.:
.

.

exponential ex:eriments on clusters of 3.0 w/o U02 fuel pins clad with type-

~304 5.5. and moderated by H O (page 165 of Reference 9). The cluster sizes2
analyzed vary frc= 181 to 301 fuel rods 'so as to ence=: ass the range of
sizes typical of current PWR fuel assemblies. The multiplication factors'

for.the lattices analyzed using axial bucklings deduced from the re:orted
'

relaxation lengths are tabulated below.i'

. .

No. of Fuel Rods X.ff-
.

*
1

181 0.9965.

211 1.0011
235 0.9965
.;::

o'e=$
-

'

301 0.998
.

These results inti:a e tha: :ne calcula:icnal medel predicts.the multi:lica-*

tion fac::r for s= ail clusters of fuel recs in a water envir:nmen: to a hign'

.

degree f a::ura:y, i.e. a bias of .0017.i .

c
.

.

> _

f To asce-tain whe-her -he :alcult:icnal :de :an :redi:t the rea::ivity
1 'chara: eris-i:s of :ni:n stainiets steel :ia es at: 5:r:n ;eis:ne: Oia es

I an anelysis (Referen:e 10) was ma:e Of :N'..' e :e-icer. ai (Referen:e 11)
cri i:a1 se: ara-i:rs :f 2.25 'w/: U-23 5 '.*:: s.::-i i:a1 clusters. The

,

results usin; the '':npe Cari: :::e KEN: :V a e sh:wn in Tatie I*..

Petr.:t Of Cal:::a-i:r
,

! The cal:ulati:n .e n::s f:r :nese ex:erirer.:11 ::n:aris:ns wri:r are ais:
used := ce ermine rea::ivity f r fusi ra:k s::ra;e, fuel snt::ing ::n at e s ,

I plus c:her fuei ::nfigurati:ns f:und in fusi manufa::urtn; areas are :ase:
en CEFAK 2.3 (Referen:e 1) er:ss se:ti:ns. Usin; an a::r::riate bu:klin; i
value and taking Or::er a:::un: ef res: nan:e a:scr::i:n.:nree' fry: gr:u:s'

are c:lle: set fr: 55 fine energy resn ; :::s in FORM an: :ne One :nertal
gr:up is colla: sed fr:= 29 :nerr.a1 energy greu:s in THERMOS. In addi:icn,

each,c:::enen: su:h as water ;ac, or :cis:n plate nas its thermal
icross section determined by a slab THERMOS calcula:icn e::1:ying the pr:;er

j fuel environment. FORM ard THERMOS are sub-pr:; rams Of CEFAK.
.

Fcr One dirensi:nal analyses su:n z! :ne EN'. ex::rentia'. ex:e-irer s :ne
discrete er:f r.ates :::e AN!!N (Refere". e 12) is use:. For two cimensi:nai
analyses 00T-2W (Referen:e 13) is used. For inree diner.si:nal analyses (su:r ''

as the critical se: ara:ica ex:eriments) KEND IV (Referen:e 14) is use:..

1 i
i

1
I Results
i

The at:ye analyses indi: ate 2 t'a-e-r:r Oe: ween Ore:i::ed and measuref ;;

; multipli:ati:n f a:::rs Of .C 125 an: a ca'.: *a:i: :1 un:cc: tin:y :f. ,

.C"71' at :ne 53/55 ::r.fi:en:e '.evel f:r :ne :: ;itte series Of UC-
.

] ex;criter. s, '

i .

$*2
.

__
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Thus,using CEPAK 2.3 cr'ess sections we conclude the following -*
>

,

Total Number of Results 41
Mean Value.(;7) 1.00133'

Standard Oeviation = 6 0.00337
e Multi: lier for 95/95 c nfidence 2.118
95/95 Confidence Level Uncertainty 0.00714
Bias (d -1.0) + 00138.

Uncertainty Minus Bias . .00575
.

It will be noted that the seven no baron steel cases have a bias of 0.00207'

(i.e. the calculated value is .00207 greater than the critical keff value of
unity) wnich is greater than the mean bias. The three boral cases have a
bias of -0.00435 with unity particle self-shielding factor for the 34C. ;

Because of the size and distribu* ion of the boren carbide particles the boron
allows more transmission than an ecuivalent h: :geneous baron carcide mixture.

' - tieutron transmission exoeriments conducted by the University of Michigan for
Brecks & Perkins In:. (Referen:e 15) are consisten: with using a 0.9 self-.

shielding fa:::r in the :nir: Of f:ur CEPAK neutren gr:u: and a 0.75 self-.

snielding fact:r in the thermal groue. These self-shielding fat:crs which ;

are used in cesigni.; ::r:n ::ntaining fuel ra:xs =ake :ne bias f:r :nese
b:rai cases -0.C :~5.

.
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TABLE I

Result,s of Analysis of Critical U02 Systems
.

. .

No. Lattice B K
*

*
tot _ ef f *

1 B&w (2) I .88-2 1.00121.

.

2 II .172-2 1.00534
3 X .79-2 .99E2E
4 XIII .7 01- 2 1.00419,

5 XX .202-2 1.00550
'

'

6 E&W (3) 1 .851 -2 1.002G9
~

'

,

7 2 .420-2 .1.00""3
.

Yt.. n,<.. t.:.\ q
.* o.- 1.e.- :.=

:
.

.

.. . .. .
e 2' :...1 . 1. r. l '. :
.

, . .

1 C, 3 .Sas 1. ,,.,.
. ...;s

11 Yankee,(5) 4
. r..e :- 4.- 1. - . *:L..

k

Winf-i:r. (E)
12 R1-20 .6 0-2 1.C02 4
13 R1-80 .626-2 .999*2
14 E2 .510-2 1.00 22

. -

p

15 Bettis (7) 1 .

.325-2 1.00053
16 2 ':.... ? 1.caa::. . sv. .

I~/ ,
.3,.. .c-e . 0s....iv:

..

*
ns,o. .e

'1.u.-=3..u- .c..

,,.n-e-:+ .
. 4..

U$ir3 03100l&*.05 T&Uil$ .JOI.'ai"35 250 ".635U*ef AXill U%IhIi+*51*
*

.
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Calculated keff Values
For separation Experiments

Monte CarloExpt # Type Poison Plate Keff ' ((ST0 Deviatier.)
*

15 None 1.00227 .00534o .

04 None 0.99912 .0054049 None 1.00221 .0047318 None 1.00513 .00:5921 None 0.995S9 .00'51

2c 304 5 Steel 0.0 w/: 3:r:n 1.n03:3 .00305,05- 30' S Steei 0.0 w/o 3:ran 1.00329
'

.0C303 -

29 304 5 Steel 0.0 w/o Beren 1.00271 .00302
.

27 304 5 5 eel 0.0 w/o Eer:r 1.00'15 . 002732:. 3e e ...., .n.v w/. ..... C.- e..-.iv . .::.
.0.-..sce::. . . . . . .

a4 304 5 ( *.=. a. l n. 0 w/ .80... 0. :. :. 7 :. ' . . . 0 0. i

-

. *. .
: 7a ,- S .e . s. e. 's ...aJ W/C .: ... ]...;.i

.a .
v..

.c ;:.. . . . . . a...

32 30: 5 5 esi 1.05 w/ 5:r:r C . ? ? - ~ ~. .0~52'33 30: 5 Steei 1. 5 w/: E:r:n 1.:'' 2 .00:5133 3C4 5 5 efl I.62 W/O 3:r:n I.2 ~53 .O*512.. ..
o, .e.... . :; w./ :....:: : .== . .. ... i ..- .- .: ..a: :i... ..

....

20 E:ral 0.99555 .CC3:11 :. :.... 3. . s ~- . e - . .r. ::. . . .
.

17 5:rti 0.99519 .0:235
...

.

Mean Kef f '.'alue 1.00157.
.

Std. devia-icn .00'19
.

.*

*

.
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Question CPB //2:

Your list of reactivity uncertainties contains no values for variation of BIO (via
boroflex dimensions and content) and fuel parameters (enrichment, density, etc.).
Please explain.

Response:

The B-10 areabiensity is a minimum, no credit was taken for the poison effect
of ncn-BIO material, and nominal dimensions were used. The Boroflex supplier's
Certificate of Compliance is attached.

The fuel enrichment is the maximum allowed in storage. The fuel density used in
the analysis is a nominal fresh fuel stacking density - this is conservative
relative to exposed fuel densities. Nominal values of other fuel assembly
parameters were used since their variation was considered statistically non-
significant for this analysis.

,
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/ November 27, 1984

Composite Certificate of Compliance bisco pmducts ina
1125 howad st.

C.E. Power Systems Group elk grove village. illinois 60007
Combustion Engineering, Inc. (312) 640-1840
Prospect Hill Road
Windsor, CT 06095

Attention: W.J. Doyle (Code 5205-EG04)
.

Dear Mr. Doyle:

Bisco Products, Inc. certifies that the material described herein
meets the requirements of your Purchase Order 9471856-11784-1 for
1,550 Sheets of Boraflex'* Neutron Absorbing Material producted to
the following limits:

.

0.110" 0.007" thickx131"+1/4" - 1/8" long x 8 1/8"
! 1/16" wide. 0.030 g/cm minimum B10 loading.

In addition to the test reports included, Bisco Products, Inc. sub-
mits the following to comply with the centractual requirements of
your purchase order.

Appendix A Listing cf all specification nu=bers, and
revision numbers applicable to this material.
Originally submitted en 5;s:: Documen: Trans-
=ittal M-038, dated 7/17/E4.

Appendix B Su= mary of all TCRS & RARS submitted to C.E.
Power Systems Group._

Supplement A Bisco Technical Report N-4

This material has been shipped to you via Bisco Delivery Tick'et No.
8918, Job No. 00459/573.

Respectfully,

BISC PR * CT INC. ~

,

>

a

b- )
''

.D. Liwo
Director of Quality

Enclosures (3)
0-84-68
cc: J. Anderson

K. Hoffman
J. Woolley
D. Kroman
C. Klaver eme of the branef nnmn=niae
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Question CPB #3:

Is there any contain'ed burnable poison in analyzed fuel?

Response:

Some fuel assemblies, from the original core, now stored in the Millstone Unit
No. 2 Spent Fuel Pool contain burnable poisons. These burnable poison pins have
essentially no B-10 since these poison pins were depleted during the initial fuel
cycle.

: Analyses supporting the criticality calculations for the spent fuel racks treat
these fuel assemblies in a highly conservative manner by assuming that fuel pins
are present rather than poison pins. Thus, no credit has been assumed in the
design and analysis of the spent fuel racks for any burnable poisons that might be
present in the fuel inventory.

,

I

i
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Question CPB #4:

Please discuss the pool temperature range studied for criticality, the
temperature values used for conclusions on meeting pool criticality limits, and
the demonstration that these constitute a maximum reactivity condition.

Response:
-

,

For Region I, lower pool temperatures constitute a maximum reactivity
condition. For Region II, higher pool temperatures constitute a maximum
reactivity condition.

The design temperature used for Region I was 900F while 1200F was used for
Region II. The difference between 900F and 680F (for Region I), and the
difference between 1200F and 2360F (for Region li) was assigned in the
uncertainty analysis. Calculations performed relative to Question CPB #4
resulted in a revision to Section 3.1 of our submittal. The Region I criticality
calculations were revised to temperatures below 900F, to a minimum
temperature of 680F, and resulted in a delta Keff Temperature Change
uncertainty value of +0.0031 rather than the previously indicated +0.0042.

Thus, for Region I the resulting neutron multiplication factor (Keff) is 0.943
including all uncertainties and calculational biases. This is in contrast to the
value of 0.939 which appears in Section 3.1.4 on page 8 of the original submittal.

.
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Question CPB #5:

You imply credit for the double contingency principle via pool boron for
accidents in Region I as well as in Region II (although Region II is limiting) but
you have no Technical Specifications for boron in Region I for assembly
movement as you do in Region II. Please discuss and provide a Region I
Specification unless otherwise justified.

Response:

The spent fuel rack design for Region I is based upon the physics principle of a
" neutron flux trap". This flux trap is provided by the use of a neutron absorber
or poison material (Boroflex). The Region I racks are designed to store Millstone
14x14 fuel with an initial enrichment of 4.5 weight percent U-235. There are,
therefore, no limitations on storage of fuel in these poison racks.

The spent fuel rack design for Region II is based on the criticality acceptance
criteria specified in Revision 2 of Regulatory Guide 1.13 which allows credit for
reactivity depletion in spent fuel. Region II consists of fourteen (14) modules of
non-poisoned spent fuel racks. Fuel assemblies are stored in a three-out-of-four

,

logic pattern. The fourth location of the storage configuration remains empty to
provide the flux trap to maintain the required reactivity control. Blocking
devices are used to prevent inadvertent placing of a fuel assembly in the fourth
location.

The Technical Specification on pool boron is provided to ensure that, in the event
of a fuel assembly drop accident or an inadvertent placement of a Region I fuel
assembly into a Region Il rack location, the Keff will remain less than or equal
to 0.95. Because of the poison rack design used in Region I, no such Technical
Specification is required for Region I.
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Question CPB #6:

It has been our policy in past reviews of spent fuel pools when credit for burnup
and multiple regions is involved that reactor unloading involve moving the fuel to
be stored first to the fresh fuel region (in your case Region I). Then when the
reload is complete, a careful analysis and check of the burnup records is made.
Only then is fuel moved into the burnup credit regions (Region 2). Please
indicate if this procedure can and will be followed in your operations. Technical
Specifications should reflect the transfer and record keeping process. Please
provide a discussion of the procedures, limitations, record keeping and
accountability measures taken throughout the life of the facility that support the
assumption that the inadvertent misplacement of fuel assemblies is not expected
to occur.

Response:

Procedures are currently being written to address the questions and concerns
raised. The outline of the procedure to be followed for placing a fuel assembly
into a Region Il rack is shown in Table I. This Table describes the thought
process and procedural requirements to be performed prior to allowing a fuel
assembly to be placed into a Region 11 rack location.

The two (2) principal problems to be focused on when using a 2 Region Rack
Concept are:

(1) Ensuring that accurate burnups are determined for each fuel assembly to
be located in Region 11 and

(2) Ensuring that the correct fuel assembly is placed into Region II, once a
decision has been made that a fuel assembly is qualified for Region II
storage.

The procedural requirement that a TV camera or binocular inspection of the
serial number engraved on each fuel assembly be performed af ter grappling the -

fuel but prior to inserting the fuel into the Region Il rack should avoid the
possibility of picking up the wrong fuel assembly.

Ensuring that correct burnups are used in the evaluation of whether a fuel
assembly is qualified for Region II will be done by:

(1) Using Measured Assembly Burnups

(2) Comparing Measured Burnups to Predicted Burnups for a consistency check

(3) 2 reactor engineering personnel will independently calculate all numbers
used in evaluating a fuel assembly for use in Region II

(4) Reactor Engineer approval is required

(5) Existing Special Nuclear Material Procedures and Material Transfer Forms
will be utilized
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Question CPB //6 (Cont.):

The Engineering Forms described in this Table will be retained for the life of the
plant.

Procedures being written will state that the preferred method of fuel storage for
fuel coming out of the reactor vessel is to place the fuel in the Region I racks
and later consider transfer to the Region II racks for qualified assemblies.
However, we can conceive of situations where movement of qualified fuel to
Region 11 may be required directly from the core. To preserve this option, our
procedures will allow, at the Reactor Engineer's discretion, such moves from the
Reactor Vessel to the Region Il racks of qualified fuel assemblies if no
alternative exists. Should this be necessary, all procedural requirements
previously described would still be applicable. Also, pursuant to proposed
Technical Specification 3.9.18, surveillance will be performed prior to fuel
movement, to ensure 800 ppm boron is available in the Spent Fuel Pool as a
precondition to a postulated fuel movement accident.

TABLEI

Outline of Procedure for Allowing Fuelinto Region 11

Step Comments

(1) Determine Fuel Assembly Initial Initial Enrichments from DOE /NRC-
Enrichment & Measured accumulated 741 Forms. Measured Burnups from
average burnup. (Performed by site Incore Monitoring System.
Reactor Engineering.)

(2) Record Data on Engineering Form Each Fuel Assembly has its own
for that Fuel Assembly. form as a permanent record of

its status.

(3) Calculate allowable burnup per
Proposed Technical Specification
Figure 3.9-1 and record on Engineering
Form.

(4) Determine, as an independent check, Predicted Fuel Assembly Burnups
that measured Fuel Assembly bumup are available from the vendor.
is close to predicted Fuel
Assembly Burnup.

(5) Determine if Fuel Assembly meets
Region 11 reactivity requirements.
That is, measured burnup from
Step (1)is greater than allowable
burnup from Step (3).
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TABLE I (Continued)

Step Comments

-(6) Perform an independent check of
Steps 1 thru 5. (To be performed

j by different person from Reactor
Engineering than did steps I thru 5.)*

(7) Reactor Engineer approves / disapproves
fuel assembly for use in Region II
based on steps 1 thru 6.

| (8) If assembly is allowed to be put into
'

Region 11, it will be added toi'
Engineering Form which lists all
fuel allowed in Region II.

,

!

(9) Material Transfer Form written Fuel Assembly not allowed in
which allows / directs fuel to Region 11 unless it is on the

,

| be moved to Region 11 per current engineering form described in
| Special Nuclear Material Procedures. Step (8).
;

| (10) Fuel Assembly to be moved into a This verification to be performed
| Region Il rack must have its serial af ter grappling fuel assembly but

number verified using TV camera or before insertion into the Region 11'

binoculars prior to insertion racks.
into a Region 11 rack location.

i

i

r

|-

;

|

|

[
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Question CPB #7:

There is apparently a change, related to your Technic al Specification 5.6.1.a, for
new fuel (dry) storage, (i.e., a limit on fuel enrichm>.:nt). However, there is no
discussion of this area in your submittal. Please provide the analysis and
justification for the limit. Please note that for dry storage both full flooding,
with 0.95 criteria (including uncertainties), and maximized low moderator
density (e.g., from fire fighting), with a 0.98 multiplication criteria (with
uncertainty), need to be considered unless approved provisions for preventing
such conditions exist.

Response:

There is no change in the design of the new fuel (dry) storage racks. Section 9.8
of the Millstone Unit No. 2 FSAR Page 9.8-6 states the original design of the
new fuel (dry) storage racks to allow up to 3.7 w/o (U-235) enrichment.

The existing Spent Fuel Pool racks allow up to a 3.35 w/o U-235 enrichment.
Our existing technical specifications (Section 5.6) state that 3.35 w/o U-235 is
the maximum fuel enrichment to be stored in the Spent Fuel Pool racks. Our
current technical specifications do not specify a maximum enrichment for the
new fuel (dry) storage racks since the existing spent fuel pool racks are limiting,
(i.e. 3.35 w/o maximum enrichment vs 3.7 w/o maximum enrichment).

With the proposed new design of the spent fuel pool racks, the new fuel (dry)
storage racks would become limiting for the maximum allowed fuel enrichment.
The proposed new design of the spent fuel racks allow up to a 4.5 w/o
enrichment. Since this is greater than the 3.7 w/o enrichment design limit on
the new fuel (dry) storage racks, we specifically state in the proposed technical
specifications that 3.7 w/o U-235 is the maximum enrichment allowed in the new
fuel (dry) storage racks.

In summary, there is no change in design, layout or use of the new fuel (dry)
storage racks. The technical specifications have been proposed to be modified to
specifically state the current existing design limits of our new fuel (dry) storage
racks.

I



. . .

Question AEB //l:

In accordance with guidelines of SRP 15.7.4, evaluate the radiological
consequence of a cask handling accident that damages stored fuel. Include in the
evaluation the assumption used and the basis for each assumption.

Response:

Attached is a copy of Calculation Number 81-166-86RA " Millstone Unit 2
Analysis of Cask Drop in the Spent Fuel Pool (Reracked)".
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