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NOMTHERN STATE 5 POWER COMPANY

u m u sas.o u e. u m u s s o rA se4ei

July 21,19 78

Director of Nuclear Reactor Regulation
U S Nuclear Regulatory Ccomission
Washington, DC 20555

PRAIRIE ISLAND NUCLEAR CENERATING PLANT
Docket No. 50-282 License No. DPR-42

50-306 DPR-60

Control of Heavv loads Near Spent Fuel

Your May 17, 1978 generic letter to licensees of power reactors asked nine
questions pertaining to the control of heavy loads near spent fuel. This is, sue
was discussed and documented extensively on the Prairi,e Island docket as part of
a_ program to increase the spent fuel pool storage capacity and the ensuing public
hearing. Of particular relevance is the following quote from the the Staf f
$Kty Evaluation from D K Davis to L 0 Mayer dated April 20, 1977.

"In order to ensure that no offsite exposures due to possible cask
handling accidents in the spent fuel pool area are in excess of those
calculated for the fuel handling accident in the Safety Evaluation
Report of September 1972, we will require that the licensee demons trate
within six to nine months prior to using a cask in the auxiliary building
either (1) that no scenario exists whereby any shielded cask which may
be employed may tip into the large pool (no. 2) or (2) that fuel
stored in the large pool (no. 2) which may be struck by any such tip-
ping cask will have decayed for at least 120 days before a shielded cask
is moved into the auxiliary building. Existing technical specifications
(T.S.3.8-2.B.1) preclude the use of any heavy loads over or in either
spent fuel pool when fuel is stored in that pool."

The requests for information of your May 17 letter are repeated below followed by
our response.

NRC REQUEST 1

Provide a diagram which illustrates the physical relation between the
reactor core,the fuel transfer canal,the spent fuel storage pool and the
set down, receiving or storage areas for any heavy loads moved on the refuel-
ing floor.

NSF Response:

These diagrams are attached. Additional diagrams can be found in the
Prairie Island FSAR

.g , .:.,m 7
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NRC RIQUEST 2

Provide a list of all objects that are required to be moved over the reactor
core (during ref ueling), or the spent fuel storage pool. For each object
listed, provide its approximate weignt and size, a diagram of the movement
path utilized (including carrying height) and the frequency of movement.

.

NSP Response:

The Prairie Island FSAR includes an analysis of an accident involving the
drop of a fuel assembly from the maximum possible height. Cons equences
of this postulated event were shown to be acceptable. This response will
therefore consider only those loads weighing greater than a fuel assembly.
License requirements (Technical Specification 3.8-2.B.1) preclude the
handling of heavy loads over the spent fuel pool when fue.' is stored in the
pool. There are three loads required to be moved over the reactor cavity
during refueling, the first two of which are too large to fit into the
reactor vessel.

,

Missile Shield - This is a rectangular couponent 10 feet by 24.5 feet
by 1 foot high, weighing 20 tons. It must be lif ted

30 feet, and moved to a temporary locatien on the
refueling floor each refueling outage.

Vessel Head - This is a 13 foot diameter by 5.7 foot high dome weightag
80 tons . It must be lifted 30 feet and moved to a
temporary storage location on the second floor each refueling. < -

oatage.

Upper Reactor Internals - This is a 10.5 foot diameter by 10 foot high
'; cylindrical component weighing 25 tona. It must

,

_ '
- - be lif ted 20 feet and moved to a temporary

storage location in the refueling cavity each
refueling outage. -

NRC REQUEST 3 & 4

What are the dimensions and weights of the spent fuel casks that are or will
be used at your facility?

Identify any heavy load or cask drop analyses performed to date for your
facility. Provide a copy of all such analyses not previously submitted to
the NRC Staf f.

NSP Response:

An analysis of a cask drop accident is included in the Prairie Island FSAR
q along with a description of the spent fuel shippirg cask assumed in the

g o '' analysis. Additional informa. tion on shipping casks and the ability to safely
handle the cask and other heavy lesds will be included in the study required

9,,,

, , ,, e - by the April 20, 1977 Staf f safety evaluatica.(j

t
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NRC REQUEST 5

Identify any heavy loads that are carried over equipment required for safe
shutdown of a plant that is operating at the time the load is moved.
Identify what equipment could be af fected in the event of a heavy load
handling accident (piping, cabling, pumps, etc.) and discuss the feasibility
of such an accident af fecting this equipment. Describe the basis for your
conc lusion.

NSF Response:

No heavy loads are moved in the reactor containment building unless the
, ,

- reactor ,is already shutdown. ^~? - < / - ''- ^- ' - -- :- -

5, . . , . . ,
,

During reactor operations, heavy loads are not routinely moved in the auxiliary
building or turbitt building over any equipment required for safe shutdown of
the plant. However, in the turbine building it hts on rare occasions b,een
necessary to move. . heavy loads over the_ saf eguards switetgear ro, cms. 3ge,

analysis of turbine building floor strencE has. shown that it will support the
maximum load (low presure turbine rotor - 80 tons).

'

NRC REQUEST 6

If heavy loads are required to be carried over the spent fuel storage pool
or fuel transfer canal at your f acility, discuss the feasibility of a
handling accident which could result in water leakage severe enough to
uncover the spent fuel. Describe the basis for your conclusions.

NSP Response:

The heaviest load expected to be moved over the spent fuel pool', is the
spent fuel shipping cask. (Because of space limitations and practical
travel path restrictions, it is very unlikely that any other loads greater
than the weight of a fuel assembly will be moved over the spent fuel pool).
The Prairie Island FSAR discusses the analysis of the drop of a shipping
cask and shows the consequences to be minimal, if any, leakage.

NRC REQUEST #7

Dcacribe any design features of your facility which af fect' the potential for
a heavy load handling accident involving spent fuel, e.g. , utilization of a
single failure proof crane.

NSP Response:

This subject is discussed in the Prairie Island FSAR and cask tip will be
further discussed in the study required by the April 20, 1977 Staf f safety
evaluation.

.
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NRC REQUEST 8

Provide copies of all procedures currently in ef fect at your facility for
the movement of heavy loads over the reactor core during refueling, the
spent fuel storage pool, or equipment required for safe shutdown of a plant
that is operating at the time the move occurs.

NSP Response:

Northern States Power has consistently =aintained the position that operating
procedures are inappropriate documents for docketing purposes. There are

numerous reasons for this position. Operating procedures are written for
use by operators and not as licensing documents. They are often bulky, use
terminology not readily understood by those outside the plant, and make
reference to non-docketed information. Procedures are reviewed and revised
frequently as required by the technical specifications. Distribution is
controlled and restricted to avoid the existence of out-of-date and possibly
incorrect inf o rma tion. We believe the following two alternatives to the NRC
request to be acceptable . First, knowledgeable members of your staf f
could meet in our of fices to review and discuss the operating procedures.

Preferably, the Region III Office of Enforcement and Inspection personnel,
who have a working knowledge of our operations and procedures, might be
consalted. We suggest that a review of our operating practices be deferred
until the Staff reviews the study required by the April 20, 1977 safety
evaluation.

NRC REQUEST 9

Discuss the degree to which your facility complies with the eight (8) regu-
lacory positions delineated in Regulatory Guide 1.13 (Revision 1, December,
1975) regarding Spent Fuel Storage Facility Design Basis.

- NSP Response:

The Prairie Island Plant conforms with the requirements of this guide with
one exception. Position statements 3 and Sa discuss interlocks and design
features to prohibit carrying heavy loads over spent fuel. The design of
the fuel s torage facility is such that it is possible but difficult to move
any object over the spent fuel because of physical travel path restrictions.
The existing design meets the remaining regulatory positions of Regulatory
Guide of 1.13.

Yours very truly,

672$ < '

L 0 Mayer, P.
Manager of Nuclear Support Services

LOM/deh
i
!

Attachment
1

cc: J G Keppler
G Charnof f
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M. GROTardUIS
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SAFETY EVf "ATION SY THE OFFICE OF NUCLEAR REACTOR REGULATION
-' . ....

.

_ b .ING TO MODIFICATION TO THE SPENT FUEL POOL
-

.

rACILITY LICENSE N05. CFR-42 AND OPR-c0 ;-

NORTHERN STATES POWER COMPANY
'

PRAIRIE ISLAND NUCLEAR GENERATING PLANT UNIT NOS.1 AND 2
~

00CXET NOS. 50-282 /ND 50-306 .,/
' , ',

v /v.

G,~&,c | 4 ~ l'i ? |
1.0 INTR 00UCTION

i By letter dated November 24g 976 suppler ed by submittals of
March 1 and March 11,1977,f Northern States Power Company (NSP)
requested an amendment to Facility License Nos. DPR-42 and
CPR-60 for the Prairie Island Nuclear Generatin's Plant Unit
Nos. 1 and 2 (PINGP). This request was made to permit the
provision of additional storage capacity in the PINGP Sper Fuel
Storage Pool (SFP). The proposed modification would increase the
capacity of the SFP from the present capacity of 198 fuel elements

; to a future capacity of 687. The extra capacity would come from
installing new racks in place of the old racks, with the exceotion
of the use of one of the present racks which holds 12 fuel elements. ,,.

e "' The expansion of the CFP would allow the PINGP to operate until
1982 without shipping fuel frem the site. This would still leave
room 1J a complete core discharge. -

,

The ?INGP has a compartmented double pool which serves both
units. The smaller pool (pool no.1) will primarily be used for
core off-loading. The larger pool (pool no. 2) will be used for
extended storage. -

The spent fuel storage racks are made up of modular stainless
steel structures, comprised of individual cavities 13.3 inch on
centers. The location of the spent fuel storage facility within
the plant is shown in Figures 3.1 through 3.5 of the Cesign
Report. The arrangement and details of the new fuel racks in the
storage pools are shown in Figures 3.6 and 3.7 of the Novem-
ber 24, 1976 submittal.

,

2.0 DISCUSSION AND EVALUATION

2.1 Criticality Considerations

., 4-

The proposed replacement racks for the spent fuel assemolies are ''
to be made up of individual containers which are approximately
14 feet long and which have an overall scuare cross section of

.
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8.674 inches along each side. These containers are to be fabri-
cated from 0.187 inrh thick type 304 stainless steel plate, and
are to be spaced in the racks on a ncminal 13.3 inch pitch.
Allowing for fabrica*.icn and assembly tolerances, the minimum,

pitch is to be i1.2?7 inches. At the nominal pitch, there will
be more than 4.5 mnes of water between neighboring storage
containers. The 13.3 inch pitch combined with the overall dimension4

of the fuel assembly, which is 7.784 inches, leads to a fuel"

region volume fraction of 0.34 for the storage lattice.

NSP states that a uranium-235 enrichment of 3.5 weight percent
was used in its calculations for the neutron multiplication
factor. For a maximum uranium dioxide density of 95 percent of
the theoretical density in the 14x14 array with 179 fuel rods per
fuel assembly, this 3.5 percent enrichment results in a fuel
loading of 39 grams of uranium-235 per axial centimeter of fuel
assembly.

,

The Nuclear Associates International Corporation (NAI) performed
|

the criticality analysis for NSP. Their CHEETAH-P ccmputer
program, which is a modified version of the LEOPARD program, was
used to obtain four energy group cross sections for use in PDQ-7
diffusion theory calculations. NAI also used the AMPX program'

to obtain 123 group cross sections for use in a KENO-IV Monte
Carlo calculation. These computer programs were first used to

c calculate the neutron multiplication factor, k , for an infinite
array of infinitely long fuel assemblies, i.e., the cell k., in
the nominal storage lattice. This resulted in a maximum cell k,
of 0.867 for the nominal lattice of fuel assemblies on a 13.3
inch pitch and at a temperature of 68'F.

The sensitivity of k, to a decrease in the spacing of the fuel
assemblies was then determined by calculating a storage lattice
with a 12.8 inch pitch. This resalted in 'a cell k, of 0.884.
Calculations of the neutron multiplication factor were also made
for four higher temperatures. These showed that the increase in
cell k, temperature up to 212*F will be less than 0.002.

Since there will be unobstructed water areas between the periphery
of the proposed storage arrays and the sides of the pool, the
possibility will exist for a fuel assembly being incorrectly
placed into one of these areas and allowing it to have a c'.]ser
spacing to a stored fuel assembly than it could if it were
correctly placed in the rack. In i:s submittal, NSP stated that
to take this into account the periphery of the new racks will be
designed to maintain a minimum of four inches of water between an
exterior fuel assembly and any fuel assembly stored in the

i

)

i
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racks. To conservatively calculate the neutron multiplication
factor for this situation, NAI assumed that a whole row of fuel
assemblies, rather than just one, was brought up to the outside
of the filled rack, and they assumed that the six closest fuel
assemblies in the rack were loaded off-center towards this
exterior row of fuel assemolies. For the minimum four inches of
water between this exterior row of fuel assemblies and the fuel
assemblies in the rack, NAI calculated a neutron multiplication
factor of 0.92.

The above quoted results of the licensee's calculations compare,

very favorably with results of parametric calculations cade witn.

another method for a similar fuel pool storage lattice. By
assuming new, unirradiated fuel with no burnable poison these
calculations give the maximum neutron multiplication factor that

^[rcould be obtained throughout the core life of the nominal fuel .

assembly. This includes the buildup of plutonium. A major part
of the remaining uncertainty in the accuracy of the calculated
neutron multiplication factor is in the effective cross sections
for the stainless steel. For this and other reasons, the uncer-

tainty in the calculation of the neutron nultiplication factor
decreases as the amount of stainless steel is decreased.4

Thus, since'there will be only one thickness of stainless steel
between two fuel assemblies in the accident condition described,

i.e., where a fuel assembly is inadvertently brought as close as
possible to the outside of one of the fuel rack modules, the
accuracy of the calculated neutron multiplication factor of 0.92
for this situation will be better than that for the storage |
lattice. Thus, the actual neutron multiplication factor for this :

case, when the maximum temperature effect and all uncertainties
are included, will be less than 0.94. Since this is less than
the NRC acceptance criterion of 0.95, we find it to be acceptable.

We find that the maximum neutron multiplication factor in these
pools wcil be obtained when a fuel assembly is brought up to the
outside of a fully loaded storage rack. We also find that when
the fuel assemblies in the pool have no more than 39 grams of-

; uranium-235 per axial centimeter of assembly and there is a
j minimum of four inches of water between an exterior fuel assembly |

and any stored fuel assembly, the neutron multiplication factor
will be less than 0.94 Since this factor is less than our

- acceptance criterion of 0.95, we find the proposed design accectable.
'On this basis, we conclude that when the plant's Technical Scecifica-

tions are modified to prohibit the storage of fuel assemblies
that contain more than 39 grams of uranium-235 per longitudinal
centimeter of assembly in the pocl the rack design will preclude
criticality.

,

. .- -
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I 2.2 Scent Fuel Cor> ling

! The ifcensed thermal power for each of the two units of the
Prairie Island Nuclear Generating Plant is 1650 MWt. The
refueling of each of the two units, which consists of replacing

|

; about 40 of the 121 fuel assemblies, is done annually, and the
refuelings of the two units are staggered so that a refueling at
the plant occurs about every six months. In its submittal NSP
assumed that there would be a cooling period of 150 hours after-

the reactor is shut down before the unloading of fuel assemblies
from the reactor vessel is started. With this assumption NSP
stated that the maximum heat load in the fuel pool, which will be_'

for a full core offload which fills the capacity of the racks,

will be approximately 17.0x106 BTU /hr (5 MWt).

In the Prairie Island FSAR f t is stated that the spent fuel pool
cooling system consists of two half-capacity pumps, each with a*

design flow rate of 700 gallons per minute, and two full-capacity
heat exchangers, each rated for removing 7.89x108 BTU /hr (2.3 MWt)'

with about a 11*F drop in the spent fuel pool outlet water
temperature. In the FSAR one of .these heat exchangers is designated
for cooling 120*F water while the other, which is called a backup,
is designated for cooling 140*F water. In their submittal NSP

,

*

stated that for the maximum heat load of 17x106 BTU /hr (5 MWt)
,

from the unloading of a full core the fuel pool outlet water will
heat to a maximum of 143*F. The FSAR also states that the
Component Cooling System, which is used to cool the spent fuel
heat exchanger, has four heat exchangers each of which is designed
to remove 29x108 BTU /hr (8.5 MWt) and that the normal design duty

of the Component Cooling) System with the reactor at power is30.4x10s BTU /hr (8.9 MWt .

The total volume of water in the two scent fuel storage pools is-

stated to be 4.75x10" cubic feet. NSP also stated that fuel pool
number 2, the larger pool, will contain about 2-1/2 times the
water inventory in the fuel pool number 1. For this ratto there
will be about 1.36x10" cubic feet of water in the fuel pool
number 1 and 3.39x10" cubic feet of water in fuel pool number 2.

By comparing NSP's calculated heat loads with those obtained by
-using the method given on pages 9.2.5-8 through 14 of the NRC
Standard Review Plan, we find that for a burnup of 33,000 MWD /MTU
the maximum heat load of 17x106 BTU /hr (5 MWt) will be obtained
if about ten days are taken to transfer the full core to the fuel
pool after the 150 hours of cooling time. We also find that

.

;
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82 percent of this heat load is from the full core. Thus the
heat load from 566 fuel assemblies, which were assumed to be in
the pool at the time the full core was offloaded, is .18 of
17x106 BTU /hr or 3.1x106 BTU /hr. This is a sufficiently small
percentage of the design duty of the Comconent Cooling System
that it can be tak,en care of by the conservatism in the design.

For the normal refuelings at six month intervals we find that the
heat load in the spent fuel pool will always be less than the
design value of 7.89x106' BTU /hr. NSP's calculated fuel pool
outlet water temperatures are consistent with the stated flow
rates and design capabilities of the heat exchangers. Thus we
find that for the normal refuelings the fuel pool outlet water
temperature will not be more than 120*F.

If both spent fuel pool cooling systems happened to fail just
after transferring a full core to the fuel pool number 1, it
would take about four hours to heat the .1.36x10" cubic feet of
water to the boiling point. Since this is the smaller pool and'

A;.has the maximum heat load, this would be the minimum time to
boiling. Four hours would be sufficient time to open the fuel

,

transfer slots to the fuel poci number 1 if thej were not already
open. This would establish communication between the fuel pool'

number 1, the fuel pool number 2 and the storage canal. This
would make an adequate amount of cooling water available for a
period of more than ten hours. The PINGP received a Construction
Permit prior to the issuance of Regulatory Guide 1.13, December
1975, therefore it was not built specifically according to that

,

guidance. It does, however, satisfy the intent of the guide.'

The Chemical and Volume Control Systems holdup tanks are avail-
able as a siesmic Class 1 source of water to the spent fuel pool. I'l
This also reoresents a backup source of water for the fuel pool. .

Y /.We fin tha the stated cooling capacity, as discussed above and ,:

.in the EIA, ,will be sufficient to maintain the spent fuel pool
1r #'f '

-

outlet wT temperature below 143*F. We also find that in the ..)#
'

unlikel vent that all ful pool cooling is lost, ten hours g~
'would be sufficient time to either make repairs or find an

alternate source of cooling water for the spent fuel pool.

2.3 Installation of Racks and Fuel Handlina es

There are.b fuel asse".blies stored in the scent fuel pools at
this time.' NSP proposes to move these to the east end of the
pool number 2 prior to installing the new racks in the pool

p -f

:
. . - . - . .. . - . .
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number 1. This approach will preclude the movement of racks over
stored fuel assemblies. After the new racks are installed in the
pool number 1, all stored spent fuel assemblies will be transferred
to the new racks and a structural cover will be placed over the

This cover will be designed to prevent the heaviest '9
-

pool number 1.
spent fuel rack from falling into the stored scent fuel when dropped
from a height of six inches above the cover, and administrative
controls, which could conceivably r9 quire a manual measurement 9
of the rack height, will be used to prevent lifting re:ks higher
than six inches above the structural cover.

{ In order to ensure that no offsite exposures due to possible cask
handling accidents in the spent fuel pool area are in 4xcess of
those calculated for the fuel handling accident in the Safety
Evaluation Report of September 1972, we will require tuat the
licensee demonstrate within six to nine months prior to using a
cask in the auxiliary building either (1) that no scenario exists
whereby any shielded cask which may be employed may tip into
the large pool (no. 2) or (2) that fuel stored in the large pool
(no. 2) which may be struck by any such tipoing cask will have
decayed for at least 120 days before a shielded cask is moved
into the auxiliary building. Existing technical specifications
(T.S. 3.8-2.'B.1) preclude the use of any heavy loads over er
in either spent fuel pool when fuel is stored in that pool .

The above procedures should eliminate the possibility for dropping
j a rack or a fuel cask on to stored fuel assemblies. We conclude

therefore that there is reasonable assurance that the health and
safety of the public will not be endangered by the installation
and use of the proposed racks.

2.4 Structural and Mechanical

A review based on the applicable parts of Sections 3.7 and 3.8 of
the Standard Review Plan was ccmoleted for the following items:
the supporting arrangements for the racks including restraints;
quality control for design, fabrication and installation procedures;
the structural design and analysis procedures for all loads,
including seismic and impact; the required load combinations; the
structural acceptance criteria; and the application of industry
codes. The fuel pool is supported above grade at the elevation
of 713'6" by the auxiliary building. The seismic input to the
rack modules is described by amplified floor response spectra
obtained from the Technical Report, " Amendment I of the FSAR
Northern States Power Company Prairie Island Nuclear Generating

,

!

i
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Pl ant. " The applicable floor response spectra correspond to
mass point 25. Three components of earthquake input were
simultaneously applied to the racks and the maximum responces
were comb'ned as per Regulatory Guide 1.92 entitled "Combinisq

'
,

Modal Responses And Spatial Components In Seismic Response
Analysis." The existing pool structure was analyzed to account
for tne increased dead load and seismic loads. The load
combinations and the acceptance criteria satisfy parts cf
Section 3.8.4.II.3 of the Standard Review Plan, which are
applicable to concrete structures.

i

The performance requirements during service life of type 304
stainless steel, used in the fabrication of the spent fuel
racks, were revieweo for material compatibility in the spent
fuel environment. The proposed modification of fuel racks
does not involve the use of any poison material.

Analyses, design, fabrication, and installation of the proposed
racks satisfy accepted criteria and conform to the rules of
Subsection NF, Linear Comconents Class 2, of Section III,
Division 1 of the ASME Boiler and Pressure Vessel Code. The
racks are designed as seismic Category I structures. The
existing pool structure has been qualified to account for the
additional loads due to high density storage of the fuel
assemblies. The qualification of the pool structure satisfies
the acceptance. criteria described in Section 3.8.4.II.3 of the
Standard Review Plan. We conclude that the subject modification
proposed by the licensee is acceptable.

2.5 Radiation Levels

We have reviewed the licensee's plan for removal, disassembly
and offsite shipment of the old racks and installation of the
new racks. The occupational radiation exposure for this
operation is estimated to be about 28 man-rem. The racks will
be installed over a short period of time, that is weeks rather
than years. Therefore, since this is a one-time exposure it
is not directly comparable to the annual doses during normal
operation in the SFP. We consider this to be a reasonable
estimate.

We have estimated the increment in onsite occupational dose lf
resulting from the proposed increase in stored fuel assemolies
on the basis of information supplied by the licensee and by
utilizing realistic assumotions for radionuclide concentra- ;

tions in the SFP water ano for occupancy times. This analysis |

indicates that the occupational radiation exposure resulting
frem this croposed action represents less than one percent of

*

:

|

|
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the present total annual occuphtional burden at this facility.
The small increase in radiation exposure will not affect the
licensee's ability to maintain individual occupational doses
as low as reasonably achievable and within the limits of /10 CFR 20. The waste treatment system is acecuate and the ,, m

j [,j #p [
fuel. integrity is not expecte deteriorate while stored in-

'the pool as discussed in th E A .' Thus, we conclude that ,,

storing additional fuel for longer period requested by '"
'"

NSF in the SFP will not result in any significant increase in
doses received by occupational workers.

The only change in offsite dose would be that associated with c.
j@6the small incremental increase in effluents rel ased from the

Idbenegligible.[ironmental ~41facility. As is discussed in the accompanying
Impact Appraisal, the effe:t of that increment

3.0 SUMMARY
.

Our evaluation supports the conclusien that the proposed
modification to the SFP at PINGP is acceptable bec. ease:

(1) The physical design of the new storage racks will preclude
criticality for any moderating condition with the limits
imposed.

(2) The SFP cooling system has adequate cooling capacity.
'

(3) The installations and use of the proposed fuel handling
racks can be accomplished safely. -

(4) The structural design and the materials of construction
are adequate.

(5) The increase in radiation doses due to the storage of
additional fuel in the SFP would be negligible.

4.0 CONCLUSION

We have concluded, based on the considerations discussed
above, that: (1) there is reasonable assurance that the
health and safety of the public will not be endangered by
operation in the proposed manner, and (2) such activities will
be conducted in c:mpliance with the Commission's regulations
and the issuance of these amendments will not be inimical to
the common defense and security or to the health and safety of
the public. -

.

Date: April 15, 1977
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Reactor Vessel Head Lif ting Device

The reactor vessel head lif ting device consists of a welded and bolted
. structural steel frame with suitable rigging to enable the crane operator
to lift the head and store it during refueling operations. The lifting
device is permanently attached to the reactor vessel hesd.

Reactor Internals Lif ting Device

The reactor internals lif ting device is a structural frame used in moving
the reactor internals. The device is lowered onto the guide tube support
plate of the internals and is manually bolted to the support plate by three
bolts. Bushings on the fixture engage guide studs mounted on the vessel
flange to provide close guidance during removal and replacement of the
internals package.

Manipulator Crane

The manipulator crane is a rectilinear bridge and trolley crane with a
vertical mast extending down into the refueling water. The bridge spans
the refueling cavity and runs on rails set into the floor along the edge of
the refueling cavity. The bridge and trolley motions are used to position
the vertical mast over a fuel assembly in the core. A long tube with a
pneumatic gripper on the end is lowe' red out of the mast to grip the fuel
ass embly. The gripper tube is long enough so the upper end is still contained

in th,e mast when the gripper end contacts the fuel. A winch mounted on the
trolley raises the gripper tube and fuel assembly up into the mast tub e.
The fuel is transported while inside the mast tube to its new position. The
manipulator can lif t only one fuel assembly at a time.

9.5~E
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f) An interlock on the hoist drive circuit in the up direction, which
permits the hoist to be operated only when either the OPEN or CLOSED
indicating s',Gtch on the gripper is actuated

g) An interlock of the bridge and trolley drives, which prevents the
bridge drive from traveling beyond the edge of the core unless the
trolley is aligned with the refueling canal centerline. The trolley
drive is locked out when the bridge is beyond the edge of the core.

Suitable restraints are provided between the bridge and trolley structures
and their respective rails to prevent derailing and the manipulator crane
is designed to prevent disengagement of a fuel assembly from the gripper
in the event of a Design Basis earthquake.

Spent Fuel Pool Bridge
*

The spent fuel pool bridge is a wheel-mounted walkway, spanning the spent
fuel pool which carries electric monorail hoists on an overhead structure.
The fuel assemblies are moved within the spent fuel pool by means of a long
handled tool suspended from dhe hoist. The hoist travel and tool length
are designed to ifmit the maximum lif t of a fuel assembly to a safe shielding
depth.

.

The Auxiliary Building Crane

The Prairie Island Auxiliary Building Crane, which is used for handling spent
fuel shipping casks, is designed to minimize the possibility of dropping such
a cask. The crane has been designed, fabricated and qualified in accordance
with the Electric Overhead Crane Institute (EOCI) Standard No. 61, American
National Standard Institute Standard B-30.2.0,1967 Edition (and Pioneer

.

9.5-10
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Service and Engineering Company Standard Specification for Powerhouse Overhead
Electrical Traveling Cranes). The rated load on the crane cable and hook is

125 tons. All crane structural members have been designed to withstand impact

loads per applicable specifications. A seismic evaluation has been performed
for the loaded. condition. Numerous safety features have been incorporated in
the design of the crane. 'Among these are the following:

9

1. Design of the hoist cables incorporate a safety factor of five

based on the rated load and ef ficiency of lif ting tackle.

.

2. All parts subjected to dynamic strains such as gears, shaf ts,
drums, blocks and other integral parts have a safety factor of

five.

3. Two separate magnetic brakes are pr6vided as well as an eddy cunent
b rake . Each magnetic brake provides a brahine' force in excess of

200% of rated losd. The eddy cunent brake assures that smooth lowering

and hoisting speeds can be maintained regardless of the load on the

hook andthat the load can be safely lowered even if both magnetic

brakes fail.

4. The crane is capable of raising, lowering and transporting occasional

loads of 125 percent of rated load without damage or distortion to any

crane part.

5. The crane is provided with a type 302 stainless steel cable with a

high strength steel core. The cable is made up of 7 strands consisting

of 37 wires to each strand.

6. During acceptance inspection, the hook is subjected to a 200% overload

test followed by a magnetic particle-inspect $on.

l

!
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7. Motor controllers, with at, least five uniformly proportional steps

for control in each direction are provided for all crane motions..

Built-in time delays are provided between steps. This will provide

a smooth uniform acceleration which eliminates sudden jerking of

the cask.

8. A. fail-safe remote radio control system is provided for the crane.

The radio controls parallel the master switch connections and all

of the safety features built into the control system also apply when

the radio transmitter is used. The radio has a very _ complex system
-- -- ---62 _ .

for transmitting and receiving signals so it is impossible to duplicate

this signal by any other means. Also, the signal differs for every

crane so the transmitter for sone other crane would not actuate the

receiver panel for this crane.

Fuel Transfer System

The fuel transfer system, shown in Figure 9.5-1 is an underwater air-motor

driven conveyor car that runs on tracks extending from the refueling canal

through the transfer tube and into the fuel transfer canal. The conveyor

car receives a fuel assembly in the vertical position from the manipulator

crane. The fuel assembly is lowered to a horizontal position for passage

through the tube, and then is raised to a vertical position in the fuel

transfer canal.

During plant operation, the ccnveyor car is normally stored in the fuel

transfer canal. A allud flange is ~ooited on d.e refueling canal end of

transfer tube to seal the reactor containment. The terminus of the tube
24

outside the containment is closed b.: a gate valve.

.
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9.5.3 SYSTEM EVALUATION

Underwater trcnsfer of spent fuel provides essential case and safety

in, handling operations. Water is an effective, economic, and trans-
parent radiation shield and a reliable cooling medium for removal of
decay heat.

Basic-provisions to ensure the safety of refueling operations are:

37 a) Gamma radiation levels in the containment refueling area
and fuel storage areas are continuously monitored (see Section

11.2.3). These monitors provide an audible alarm at the

initiating detector indicating an unsafe condition. Con-
tinuous monitoring of reactor neutron flux provides imme-

diate indication and alarm in the control room of an
abnormal core flux level.

b) Violation of containment integrity is not permitted when the
reactor vessel head is removed, unless adequate shutdown margin

is maintained.

c) Whenever new fuel is added to the reactor core, a reciprocal
curve of source range neutron count rate is plotted to verify
the sub-criticality of the core.

d) The design of the spent fuel storage facility incorporates a
|Class I fuel pool enclosure for additional protection against

the effects of a tornado.

9.5-16' 37
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In all, four barriers protect stored spent fuel against e the effects of a
tornado. They are:

1. The Class I fuel pool structure

2. The twenty-five feet of water that normally covers the spent fuel

3. The fuel storage racks

- 4. The Class 1 fuel pool enclosure

The potential effects of a tornado striking the fuel storage pool of existing
light-water reactors, i.e. with no Class I fuel pool enclosure, has been
thoroughly investigated.( }' ( }' ( } Two key areas were examined:

.

(i) whether sufficient water could be removed from the pool to

prevent cooling of the fuel and

(ii) whether missiles could potentially enter the pool and damage
the stored fuel.

As these investigations ( } ' ( } ' ( } show, existing fuel pool designs are
inherently capable of withstanding the effects of a tornado. The design of
the fuel pool makes *.he removal of more than five feet of water due to tornado

action highly impr.oable. With 25 feet of water covering the fuel racks, the

removal of five feet of water is of no concern. Prote'etion is provided

against a wide spectrum of tornado generated missiles by the water which covers
the fuel racks.

Results of an evaluation of a spectrum of tornado-driven missiles indicates

that a four inch or smaller pipe, wooden debris from the cooling towers or

metal panel siding ripped off the building are the most probable sources of

missiles.

Amendment 11
9-20-71

9.5-17

- . - _ , - *
-



--

Such' debris would not damage the fuel because of the buoyant force exerted

by the twenty-five feet of water covering the fuel. Only by arbitrarily

assuming long cylindrical objects to be hurled to the fuel pool by winds
acting on their maximum cross-sectional area and then impacting the pool
with minimum cross-sectional area could a potential for damage be shown( }. *

The probability of such an event has been shown to be less than 10" . Even

in this highly unlikely case, a wide spect. rum of these missiles can hit the
pool without resulting in fuel damage or liner penetration.

,

In addition to this inherent protection provided by the fuel pool structure,

the 25 feet of water covering the spent fuel and the fuel storage racks,

a Class I fuel pool enclosure has been provided for additional protection.
It is, therefore, concluded that adequate protection for tornado-generated
missiles has been provided.

e) Protection against a dropped cask acciden,t is provided by the design
of both the auxiliary building crane, which is used to handle spent

fuel shipping cask, and by the design of the fuel pool enclosure which
limits the area of the ' spent fuel pool over that heavy objects can
be moved.

To provide additional protection, prior to cask lifting operations, a detailed
visual inspection is made of all mechanical and electrical components of
the crane. Following the visual inspection an operational test will be )
conducted with no load on the hook. This test will verify that all controls

are operating correctly. Following these tests a load test will be ccaducted
by raising the fuel cask approximately one foot off its tail car. The prime
purpose of this test is to verify that there is no load movement after a fixed
period of time. Hoisting and Iowering rates will then be determined to
see that they comply with the vendor's reconnendations.

.

However, an analysis of the pool has been made to determine its capability
of withstanding the impact of a dropped fuel cask. The following assumptions

11
were used in this evaluation.

9.5-18
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s. Cask weight of 100 tons ,

b. Cask is 6 feet in diameter

he cask is lifted only far enough above the refueling floor to providec.
the required clearance to permit manipulation of the cask. This would
result in the potential for a 42 foot cask drop.

.

d. he cask utilizes lead for shielding

The cask has a drag co-efficient of 0.86 in falling through the water.e.

his results in an equivalent free fall through air of 30 feet.

f. Approximately 40% of the energy is absorbed in deformation of the cask.
his assumption is based on work performed by Knapp Mills Inc. , Wilmington,
Delaware and the Oak Ridge National Laboratory, Oak Ridge, Tenn.

.

The results of our analysis show the small fuel pool can withstand the con-
sequences of a dropped cask with =4ni==1, if any, leakage. 11

he layout of walls above and below the fuel pool bottom slab in the vicinity
of the path of travel of the cask limits the clear span of the bottom slab
to about 9 feet. his is approximately 1-1/2 times the pool bottom slab
thickness. The impact load vill, hence, be carried by arch action and not
result in severe flexural cracking. he penetration of the cask computed
as for a missile amounts to only about an inch. he stresses in the concrete
and reinforcing steel, although exceeding yield, stay below the ultimate
strength of the reinforcing steel. In our analysis, we assumed a decceleration
path based on conventional collapse mechanism (limit design) principles..

The energy was assumed to be absorbed by yielding of the reinforcing steel
and by heat generation due to crushing of the concrete.

No leakage would result unless the SS liner were punctured or torn in the
accident. Flexural cracking of the concrete is minimized due to arching

"
action.

Amendment 11
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The above analysis was performed for the cask being d'ropped in the small

pool. Use of the fuel transfer cask in the large pool is precluded by the
fuel pool enclosure which only allows cask accessibility to the small pool.

i

It is difficult to postulate any cask drop in the small pool regardless of
assumptions which.would renuit in sufficient damage to jeopardize the water-

11
tight , integrity of the large pool in which fuel is stored.

Poel leakage resulting from a cask drop accident through cracks and possible
loss-of-integrity of the SS pool liner would be in the few gpm range. Expected
leakage rate would be such to allow sufficient time (hours) to install gates
in the fuel transfer slats to limit leakage to the small pool. In addition,

the pool is provided with makeup capacity from the normal source of approximately
100 gpm.

When moving the fuel cask from the position in which it was loaded in the
pool (bottom of cask at elevation 713' - 6") to its position on a railroad
car, the cask will follow the following path:

1. Move vertically up thru the pool to its surface at elevation 753' - 6".

19 2. Continue vertically up thru air until the bottom of the cask is at
about elevation 7' 6' - 0", one foot above the fuel handling floor and

,

42' - 6" above the bottom of the pool.

3. Move horizontally south 33' - 4". During this move the cask will be

over the saall pool for 6' - 0"; over the fuel handling floor for
5' - 0"; then along the edge of an opening in the fuel handling floor
for 22' - 4".

4. Move horizontally east about ten (10) feet.

5. Move vertically down about 66 feet until the cask rests on the railroad
car whose top surface will be at about elevation 699' - 0".

Amendment 19
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Thus, the cask could be dropped 42' - 6" when over the small pool, or 66 feet

when over the railroad car. It has been calculated that the speed of the

cast after the 42' - 6" drop, mostly thru water, would be about the same as

a 30 ft. drop thru air.

The cask has not yet been designed or purchased. It is expected that it will
19be designed to meet the requirements of federal regulation 49CFR - Part 173

which requires that the cask be capable of sustaining a 30-foot free drop
onto a unyielding surface without releasing radioactive materials. If the

cask, as finally purchased, is not capable of being dropped 66 ft. without
damage, then it will be necessary to temporarily add energy abcorbing material
around the cask during the time it is being lowered to the railroad car.

Incident Protection

Direct communication between the control room and the refueling cavity manipulator

crane operator is available whenever changes in core geometry are taking
place. This provision allows the control room operator to inform the manipulator
crane operator of any impending unsafe condition detected from the main control
board indicators during fuel movement.

Malfunction Analysis

An analysis is presented in Section 14 concerning damage to one complete
assembly, assraed as a conservative lLnit for evaluating environmental consequences
of a fuel handling incident.

Any suspected uefective Cuel assembly is placed in a failed fuel can and
sealed to provide an isolated chamber for testing for the presence of fission

*

products.

Ths failed fuel cans are stainless steel cyliaders with lids that can be
closed in place remotely. An internal gas space in the lid provides for

!
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w <:er expansion and for collection and sampling of fission product gas es .
Various remotely operable quick-disco:inect fittings permit connection of--

the can to sampling loops for continuous circulation through the can.

If sampling shows the presence of fission products indicative of a cladding
f ailure, the sampling lines are closed off by valves on the can and the
encapsulated fuel' assembly is removed to the spent fuel storage pit to await
shipmeht. Design of the cans complies with federal regulation 10 CFR 71

.

so that the defective fuel can be stored and shipped while sealed in the

failed fuel can.

9.5.4 TEST AND INSPECTION CAPABILITY

Upon conpletion of core loading and installation of the reactor vessel
head, certain mechanical and electrical tests can be performed prior to
initial criticality. The electrical wiring for the rod drive circuits,
the rod position indicators, the reactor trip circuits, the in-core
thermocouples, and the reactor vessel head water temperature thermocouple
can be tested at the time of installation. The tests can be repeated on-

these electrical items before initial plant operation.

|
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