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ABSTRACT

In nuclear power plants heavy loads may be handled in several plant areas. If
these loads were to drop in certain locations in the plant, they may impact

. spent fuel, fuel in the core, or equipment that may be required to achieve

- safe shutdown and continue decay heat removal. If sufficient spent fuel or

~ fuel in the core were damaged and if the fuel is highly radioactive due to its
irradiation history, the potential releases of radiocactive material could
result in offsite doses that exceed 10 CFR Part .100 limits. If the load
damaged equipmeni asscciated with redundant safe shutdown paths, the capa-
bility to achieve safe shutdown may be defeated. Additionally, if fuel is of
-sufficient enrichment, the normal boron concentrations that are maintained may
not be. sufficient to prevent a load drop from caus1ng the fuel configuration
to be crushed and result in criticality.

- Task A-36 was estabiished to systemat1c=]1y examine staff Yicensing criteria
.and the adequacy of measures in effect at operating plants, and to recommend
. necessary changes to assure the safe handling of heavy loads. The task
involved review of licensee information, evaluation of historical data,
performance of accident analyses and criticality calculations, development of
- guidelines for operating plants, and review of 11cens1ng criteria. This
report provides the results of the NRC staff's review of the handling of heavy
loads and includes the NRC staff's recommenzations on actions that should be
taken to assure sarve handling of heavy loads. These recommendations include:
(1) a program should be initiated to review operating plants against the
guidelines developed in Task A-36; (2) certain interim measures should be
taken for operating plants until completioa of this review prograe; (3) changes
to certain Standara Review Pians and Regulitory Guides should be made to
incorporate the guidelines in this report; (4) changes tc technical specifi-
cations should be made after completion of the review; and (. a task should
be initated to establish guidelines for tke control of Small loads near spent
fuei. The guidelines proposed irclude definition of safe load paths, use of
load handling procedures, training of crane operators, guidelines on slings
and special lifting devices, periodic inspection and maintenance for the
crane, .@as wa2ll as verious alternatives that include: use of a single failure
proof handling system, use of mechanical stops or electrical interlocks to
~ keep heavy ioads away from fuel or safe shutdown equipn.-.nt, or analyzing the
consequences of postulated heavy load drops to show these are within
acceptable limits.

This report completes Task A-36.
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CONTROL OF HEAVY LOADS
AT NUCLEAR POWER PLANTS

1. INTROBUCTION

1.1 Backgr~und

In nuclear plant operation, maintenance, and refueling activities, heavy loads
may be handled in several plant areas. If these loads were to drop, they

- could impact on stcred spent fuel, fuel in the core, or equipment that may be

required to achieve safe shutdown or permit continued decay iieat remcval. If
sufficient stored spent fuel or fuel in the core were damaged and if the fuel
is highly radioactive due to its irradiation history, the potential releases
of radinactive mat - could result in offsite doses that exceed 10 CFR

Part 100 limits. It ihe load damaged equipment associated with redundant or
dual safe shutdcwn paths, the capability to achieve safe shutdown may be
defeated. Additionally, if fuel is of sufficient enrichment, the norsal boron

_concentrations that are maintained may not be adequate tou prevea. criticality

if a load rrop caused a crushing of the fuel assenblies.

In this task a heavy 1nad is defined as a 1oad whose weight is greater than
the combined weight of a single spent fuel assembly and its handling tool.
The handling of a single spent fuel assembly has beer reviewed in the original

“licensing review or in the Generic Issue "Fuei Handling Accident InsiJe

Containment."

’

In previous licensing reviews, the erient to which the potential for accidental
load drops has been considered varies from plant to plant, with current licensing
reviews being the most thorough and some older plants receiving little attention
in this area. The review criteria for current licensing reviews are contained
in various Regulatory Guides (RGs) and Standard Review Plans (SRPs).

Task A-36 was established to systematically examine staff licensing criteria
and the adequacy of measures in effect at operating plants, and to recommend

necessary changes t: assure the safe handling of heavy loads once a plant
becomes operational.

With the increased spent fuel storage capacities at many operating piants,
targely in the form of increased density of fuel storage within the pool, the
potential for a given load to damage a large number of fuel assemblies has -
increased. Additionally, when offsite waste repositories are established,
there will be an increased frequency in the handling of spent fuel casks over
the spent fuel pools and near spent fuel. Because of this the need to complete

"Task A-36 expeditiously was identified.

This report provides the results of the review of the hand]ing cf heavy loads
and includes the task growp's recommendations on actions that should be taken
to assure szfe handling of heavy loads. This report completes Task A-36.

1.2 Definitions

For the purposes of this review, the foilowing definitions were used:

1-1



Handling system - A1l load bearing componerts used to 1ift the load, including
the crane or hoist, the 1ifting device, and interfacing load 1ift points.

Heavy load - Any load, carried in a given area after a plant becomes operztional,
that weighs more than the combined weight of a s1ngle spent fuel assembly and
its associated handling tool for the specific plant in question.

- "Hot" fuel - Fuel that was at power sufficiently lonrg such that, if the fuel
were damaged, offsite doses due to release of gap activity could exceed 1/4 of
10 CFR Part 100 limits. (Sufficient decay times are calculated in Section 2.1
for worst case conditions assuming 2. entire core is damaged. Fuel that has
not decayed for the recessary deccy time is "hot" spent fuel.)

“"Load hanq-up" event - The act in which the load bleck and/or load is ¢ -ped

by a fixad object during hoisting, thereby possibly overloading the ho’sting
system. -

Safe load travel path - A path defined for transport of a heavy load that will
minimize alverse effects, if the loaa is drepped, in terms of releases of
radioactive material and damage to safety systems. This path should be admini-
stratively controlled by procedures and/or clearly outlined by markings on the
floor where the load is to be handled (refer to Section 5.1.1(1)). It may
also be enforced by mechanical stops and/or electrical interlocks. ‘

Safe. shutdown equipment - Safety related equipment and associated subsystems
that would be required to bring the plant to cold shutdown conditions or
provide continued decay heat removal following the dropping of heavy load.
Safety functions that _nould be preserved are: to m2intain reactor coolant
pressure boundary, capability to reach and maintain subcriticality; removal of

decay heat; and *o maintain integrity of components vhose faiiure could result
in excessive offsite release:

Special 1ifting devices - A lifting device that is dssigned specifically for
handling a certain load or loads, such as the 1iftin; rigs for the reactor
vesse. head or vessel internals, or the 1ifting device for a spent fuel cask.

Spent Fuel - Fuel that has been critical in the core and is considered no
longer sufficiently active to be of use in powering the reactor and therefore
is soon to be, or already has been, removed from the reactor. It generally
has an enrichment of less than 0.9 weight percent U-235.

"Two-blocking” event - The act of continued hoisting 1o the extent that the
upper head block and the load block are brought irto contact, and. unless
additional measures are taker to prevent further movement of the load block,
excessive loads will be created in the rope reeving system, with the potential
for rope failure and dropping of the ioad. '

1.3 Task A-36 Review Proccss

The initial step was to evaluate the zdequacy of existing measures at operating
facilities. To do this the Office of Inspection and Enforcement was requested

to gather and provide information for six BWR's and six PWR's on the heavy

load handling systems at those facilities. It was found that this information
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was insufficient for the purposes of Task A-36. Acccerdingly, a generic letter
.was prepared and sent to all licensees, with responses regquested from non-SCP

- facilities. (SEP facilities are those older operating fe iiities under review -

in the -Systematic Evaluation Program to determine adequacy cf these facilities-

with respect to current criteria.) Responses were received by December 1978.

The task group then initiated a survey of this information to determine what

heavy loads are typically hardled, measures employed by licensees to prevent

- or mitigate the consequences ¢f a heavy load drop, and analyses performed by
licensees to show that potential consequences are within acceptable limits.

The results of this survey are summarized in “Survey of Licensee Information,"
Section 3, of this report. ‘

. To determine the potential consequences of dropping certain of these heavy
loads, anaiyses were performed by the task group. These analyses were imed

. at identifying potential offsite radiological consequences due to postulated
load drops, and the potential for a load drop to cause criticality in the

-reactor core or in the spent fue! pool. The results of these analyses are

summarized in “Potent1al Consequences of a Load Jrop," Section 2, of this
report.

Concurrent with the above analy. .z, the task group reviewed historical data
available on load handliny accidents, including load drop events. Data obtained
and reviewed covered various crane applications, including nuclear facilities,
naval shore and shipboard installations, as wel: =s industrial facilities to

the extent that reports are provided to OSHA. The review of the data was

aimed at identifying the principal causes of load handling accidents, and
estlmatlng the probgb111ty of a load droup event. The results of th15 data

review are provided in "Review of Historical Data on Crane 0perat1ons
Section 4, of this report.

Based on the review of the historical data, guidelines were developed by the

. task group that were aimed at the principal causes of load handling accidents-.
to reduce the potential for such events. Additionally, these guidelines

include further measures to assure that accidental load drops are extremely

unlikcly or that the consequences of such load drops are within acceptable -

limits, based on the analyses of Section 2, "Potential Consequences of a Load

Drop." These guidelinec are provided in "Recommended Guidelines," Section 5.1,
of this report.

‘Certain of the alternative approaches sujgested by the guidelines of Section 5.1
call for analyses of postulated load drops for the specific piant. These may
include such things as an analysis of a spent fuel shipping cask dvop or the
drop of a reactor vessel head. Guidelines fcr performing such analyses are
contained in “"Analyses of Postulated Load Drops," Appendix A, of this report.

Section 5.2, "Bases for 6uid~lines,"” includes certain fault trees. Fault
trees were developed for several of the alternatives suggested by the guide-~
lines. ¢rcbabilities were then estimated or calculated for various faults or
“events, and used with the fault trees to determine the likelihood of obta1n1ng
unacceptab]e consequences with any of these alternatives.

P

. Section 5.3 of this report is the staff "Safety Evaluation."

1-3
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The existing criteria in Reguiatory G'u'id‘é.s and “tandard Review Pians were then
evaluated to determine the required changes to incorporate the guidelines of
Secticn 5.1 that are appropriate for new plants.

. Final recommendations of the task group were develuped and are included as
" “Resolution of the Issue,” Section 6, of this report. Tme recommc..dations
listed in Section 6 are a summary of t.he recommendations contalned in the

7arious sections of this repor..

1.4 Summary of Pecommendations

Guidelines were developed that offer various alternatives to Ticensees (o

- assure the safe handling of heavy load~ These '“Recommended Guidelines" in
Section 5.1 include general guideline. 7or all facilities to reduce the potential
for the uncontrolled movenent of a load or a load drop, such as by .alling

for: definition of safe load paths; development of load fandling prucedures,
periodic mspectwn and testing cf the crane; qualivications, training and
specified con .uct of the crane operator; and use of guidelines on rigging.
Additionally, tnc guidelines define various acceptab]e z'ternative approaches
~for the containment building, refueling building and other safety related
areas.. These alternatives may include using a single-failure-proof handling
system, analyzing the effects of a load drop, or using procedures and inter.ocks
to keep lo2ds away from spent fuel and safe shutdown equipment.

‘We have recommendad a program to review operating plants zgainst these guidelines.
A draft generic letter has been prepared to obtain the required information

and commitments. We have alsc recommended that: certain interim measures be

tak - for operating plants until compietion of this program; changes be made

to Siandard Resiew Plans and Regulatory Guides; and changes to technical
specifications be made after completion of the review.

14
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2. POTENTIAL CONSEQUENCES OF A LOAD DROP

"'An accidental load drop could imp2<t nuclear fuel or safety-related equ1pment
“witn Lhe potential for excessive offsite releases, inadvertent criticality,
loss of water inventory in the reactor or spent fuel pool, or loss of safe
shutdown equipment. The following sections aiscuss the pctential for these
adverse consequences to occur. Section 5 will provide recommended guidelines
to prevent or mitigate these potential consequences.

. 2.1 Potemtial Offsite Releases Due To Heavy Load Drops On Spent Fue)

The analysns of the potential consequences of a heavy 1oad drop onto spent
fuel assembiies contained in this section is based primarily on the methods
and assumptions used for fuel handling accidents as shown in the Standard
Review Plan 15.7.4, "Radiological Consequences of Fuel Handling Accidents,’'
NUREG-75/087,. and Regulatory Guide 1.25, "Assumptions Used for Evaluating the -
Potential Consequences of a Fuel Handling Accident in the Fuel Handling and
Storage Facility for Boiling and Pressurized Water Reactors "

In a fuel handhng accident ana]ys1s we ascume that a spent fuel assembly
having the minimum decay time permitted (100 hrs or whatever value is used in
the technical specifications) is being moved under water in the spent fuel
storage pocl. It is postuiated that the fuel assembly drops from its maximum
height in the pool and impacts upon the floor of the pocl. This impact is
assumed to rupture the cladding on the equivalent of all of the fuel rods in a
fuel assembly causing a release of fission product gases which were contained

in the space or gap between the fuel pellets and the cladding. The percent of
inventory assumed to be released is based on guidelines in Regulatory Guide 1.25.
The fission product gases released are about 10 standard cubic feet (0.3 cubic
meters). The gas bubbles are released to the fuei pool water where they rise
to the surface of the pool. The water is assumed to scrub cut approximately
99% of the iodine fission products (Iodine 131-135) but is rot assumed eif=2ctive
in reducimg the quantity of noble gases released to the fuel building atmo-
sphere. ©Once the radioactive gases reach the spent fuel building atmosphere,
they are mormally exhausted to the environment through a charcoal filter

system which further reduces the quantity of airborne radioaztive iodines.

This filter is not effective in removing noble gases such as krypton and xenon
which conzrihute t5 the whole body dose. A large release of radioactivity

from the containment building can be prevented by rapid isolation of conteainment
upon a high radiation signal; however, the size of the release will depend on

‘the response time of such a system. The analyses in this section assume that

the noble gases are not contained.

The postuTated dose consequences of a heavy load drop on fuel assemblies in
either the spent fuel pool area or in the reactor can be determined as a
multiple of a single assembly fuel handling accident, once the total number of
damaged fwel assemblier has been ascertained. Conversely, one may use the
resalts of the analysis of damage to ore assembly and determine the number of
assemblies which must be damaged to reach certain 1imits on radiocactive releases.

The exposwre limits of 10 CFR Part 100 have been established for certain

design basis accidents whose probability is sufficiently los that they "would
result in potential hazards not exceeded by those from any accident considered

2-1



credible” (10 CFR 100.11, footnote 1). For accidents of higher probability,
.thg'NRC,staff has judged that lower dose acceptance criteria are appropriate.

The staff has for several years identified fuel handling and spent fuel cask
drop accidents as two members of the class of limiting faults for which the

" radiological dose acceptace criteria are stated to be “well within" 10 CFR

_Part 100 guidelines. Other accidents in this class include control rod
ejection (PWR)/control rod drop (BWR), waste gas system failures, and some

. steam line breaks and steam generator tube ruptures. The staff has, ir all

. operating license and costruction permit reviews, interpreted this cr1ter1on
"as less than or equal to 25% of 10 CFR Part 10 va1ues This specific criterion
‘has also been enunciated in position C.3 of Regulatory Guide 1.17, Rev. 1 foi
purposes of identifying systems requiring tornado protection. The staff
therefore judges that the allowable exposures for a postulated heavy load drop
onto irradiated fuel should be similar to that used for fuel handling accidents,
and has therefore used one-fourth of the 10 CFR Part 100 values as an upper
bound on the allowable exposure for such events.

Table 2.1-1 provides the results of anaiyses of postulated fuel handling
accidents which damage a single assembly. To arrive at the results of

Table 2.1-1, the assumptions used in the heavy load drop analyses are
summarized in Table 2.1-2. Table 2.31-1 also lists the corresponding number of
fuel assemblies that have to be damaged to yield doses of 75 rem thyroid or
6.25 rem whole body which are one-fourth of the 10 CFR Part 100 limits. Doses
are provided for various decay times after going subcritical, when credit is
taken for charcoal filters and when credit is not taken for filters. The
latter calculations were done because certain existing operating plants remove
wall sections or roof hatches when handling of the cask near spent fuel. From
Table 2.1-1 it can be seen that for short decay times, exposure limits could
be reached by damaging only a few assemblies.

If tie results of Table 2.1-1 are plotted as shown in Figure 2.1-1 for PWRs
and Figure 2.1-2 for BWR's, time after shutdown can be determined such that if
a given number of fue) assemblwes were damaged, it would not result in excessive
offsite releases. These Figures may then be used to predict if raaiological
consequences would be within required limits if a given number of assemblies

is damaged in a postulated load drop accident, based on the shutdown time.
These Figures may also be used to show minimum required decay times if the
. postulated load drop could result in release of gap activity from an entire
core. For a two unit facility, a core off-load of each unit could result in
two cores being located in the same spent fuel pool. For such facilities

minimum required decay times for worst case cond1t1ons should be based on
potential damage to two cores.

As noted in Definitions, Section 1.2, spent fuel which has not decayed as long

as the appropriate spec1f1ed decay time is defined for the purposes of this

 report as "hot" spent fuel. Tue above decay times have been incorporated into
certain alternatives in the guidelines of Section 5.1 of this report through
the definition of "hot" spent fuel.

N
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Applicability

-The -assumptions used in these analyses were selected so as to be bounding for
rearly all plants, and thus lead to generic conclusions. To rely on these
analyses for a specific plant, the licensee or applicant tchould verify that
-the assumptions used adequately scope the specifics of the plant.

If the assumptions are not conservative for the specific plant, or if a more

accurate & alysis is required for a specific plant, the results can be modified

by a ratio of the plant power level or x/Q values. Similarly, if other than

. 95% filter efficiency is provided in the spent fuel pool filters, the results
can be cbtaired by a ratio of peretrations (i.e., 1.0 minus the efficiency)

for both elemental and organic forms of radioactive iodine.. '

2-3



DROP ACCIDENT ANALYSES

SUMMARY OF LOAD

TABLE 2.1-

1

No. df Days

Exclusion Radius Dosey Low Population Zone1 Minimum No. <7 Ascs
Subcritical Thyroid Whole Body Thyroid Whole Body to Reaci /s of.
) Part 190 timits -
PWR
4 (no. filters) 173.00 0.6) 17.30- 0.0% 1
4 (w/filters)  8.63 0.5 0.86 0.06
40 (s0 filters) 7.74 0.01 0.77 0.00 12
40 (w/filters)  0.39 0.0 0.04 . 0.00 1.9 x 10%
54 (no filters) 2.28 0.00 0.23 0.00 33
54 (w/fiiters) 0.1 0.00 0.01 0.00 5.8 x 10°
90 (no filters) 0.10 0.09 0.01 6.00 7.5 x 10°
90 (w/filters)  0.01 0.00 0.00 0.0¢ 7.5 x 10°
120 {no Tilters) 0.71 0.00 0.00 0.00 7.5 x 10°
120 (w/filters) 0.00 0.00 0.00 0.00 7.5 x 10°
BWR
1 (nz filters - . -
SZGT) 92.26 0.70 9.23 0.07 | 1
1 (w’filters -
§:GT) 4.€1 0.65 C.46 0.07 Y
40 (ro filters) 2.67 0.00 0.27 0.00 | 28
40 (v/filters)  0.13 0.00 0.01 0.00 5.8 x 10
90 (o0 filters - 3
SBGT) 0.04 0.00 0.00 0.00 1.9 x 10
S0 (w/filters - ‘ ' s
S86T) 0.00 0.00 0.00 0.00 1.6 x 15
120 {no filters) 0.00 0.00 0.00 0.00 1.6 x 10°
120 (w/filters) 0.5) 0.00 0.00 0.00 1.6 x 10°

1/

—"Dose per fuel assembiy damaged (rems).

2/

</Number of assemblies that must be damaged to approach

ligits, or 75 rem thyroid and 6.25 rem whole body (at

2-4

(1/4 of) Part 100 exposure
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TABLE 2.1-2
HEAVY LOAD DROP ACCIDENT ASSUMPTIONS

i Reactor Type PHR‘and 3WR
Power Level (Mwt) 3,000 _
0-2 hour %/Q (Exclusion area boundary), sec./M3 l.0x10-3'l/
0-2 hour X/Q LPZ, sec/M> 1.ox07 YV
Peaking Factor 1.22/

No. of As;emb1ies in Core

Pool Water Decontamination Facfor

Filter Efficiency X:
Elemental Iodine
Organic Iodine

Cooling Time (hours)

153(PWR), 760(5WR)

100 (for radioactive

iodines)

955/
95%

100 or greater

_ 1/

Based on 5% worst meteorolegical conditions.

2/

="Value is 1.2 for greater than one damaged fuel assembly.

For a single assembly

the values are 1.65 and 1.5 for PWRs and BWRs, respectively.

3/ 5ee Reg. Guide 1.25

4/ 5ee Reg. Guide 1.52
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effect of enrichment, lattice spacing, and boron concentration on k

2.2 Criticality Considerations

2.2.1 Introduction

In ‘addition to the potential for a dropped load to cause & -elease of radiocactive

material due to rupture of the fuel clad, the dropped load potentially can
change the spacing of the fuel lattice as well as tie boron concentration.

This effect could result in a critical mass of fuel in the reactor core or in

the speat tuel pool. Due to design differences between vendors, most noticeably
betweer FWR and BWR vendors, the potential for a load drop to result in fuel
becoming supercritical varies. The following sectiens discuss this potential
for BWE and PWR reactor cores and spent fuel pools.

-2.2.2 Effect of Enrichmeht, Lattice Spacing and Boron Concentration

Figures 2.2-1, 2, 3, and 4, based on an infinite lattice study, illustrate the
. While
these figures are computed for Westinghouse 15 x 15 fuel, the trendgfghown
hola fer all commercial fuel designs. Typical refueling water concentrations

‘are 2,000 ppm for PWR reactor cavities and storage pools, although this varies

(see Section 2.2.5.1); and 0 ppm for BWR reactor cavities and storage pools.
The foilowing characteristics of commercial fuels are important to the present
discussion:

(1) As built lattice spacings in the core for all fuel designs are chosen so
© -that in pure water kK is near the maximum vaiue that can be attained by

acjusting lattice spQang. This can be seen in Figures 2.2-1, 2, 3, and
4, where the water/uranium ratio is an indicater ~f lattice spacing. PWR
feel is undermoderated in ruy~e water (lattice spacing chosen to the left
of the peak) throughou’ :'. cycle for both hot and cold conditions. At
high boron cencentrations, PWR fuel is highly overmoderated so that
decreasing the lattice spacing (i.e., relucing the water/uranium ratio by
crushing the fusl) increases keff‘

(2) BwR fuel is undermoderated at hot corditions throughout the cycle; at
ccld conv:itions it is undermoderated at beginning-of-cycle and slightly
overmoderated at end-of-cycle. '

Because of this, decreasing the lattice spacing frozr its as-built value (i.e.,
reducinrg the water:uranium ratio by crushing the fuel) in pure water at end of
cycle will slightly increase k (but not above 0.95 due to the low enrichment
at end-ef-cycie), and at beginﬁfxg of cycle will cause a decrease in keff'

Approximate levels of ke f for fuels under different conditions are shown in
Tables 2.2-1, 2, 3, and I. Acutal numbers may vary somewhat from the rumbers
in these tables depending on fuel desigr; the numbers in these tables are
meant ¢nlv to serve as a guide to determine which fuel configurations have a
potential for criticality resulting from a locad drof.

The anzlyses of Figures 2.2-1, 2, 3, and 4 ard Tables 2.2-1, 2, 3, and 4 are

for an infinite array of fuel pins with no sclid boral poison or steel or
aluminmm structural material, which are also neutron poisons. Because

2-8 .
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Parameters are as follows. (The dimersions used are those:
of Westinghouse 15 x 15 fuel)

Fuel Pellet Diameter . .. ........ -v-.. 03659~
Zirc Clad Inside Diameter . .. . ... ... ... 03734
Zirc Clad Outside Diameter .. ......... 048220
As-BuitW/URatio ................ 1647
Temperature .. ................... 20 DEGC
Fuel Material .. ... .. e e e 098 w/o U235
I T i L I 1

N

1.647

| | 1 | |

05

1.0

15 20 2% 30 35 40
Water/UO2 Volume Ratio (W'U Ratio) —————t

FIGURE 2.2-1 '

'NEUTRON MULTIPLICATION FACTOR FOR INFINITE ARRAY OF FUEL RODS IN BORATED WATER
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Parameters are as follows. (The dimensions used are those
of Westinghouse 15 x 15 fuel)

Fuel Pellet Diameter . ............... 0.3659"

2ircCiad Inside Diemeter . . .. .. .. ..... 0.3734"
Zirc Cad Outside Diameter .. ......... - 04220
As-BultW/URatio ................ 1.647
Temperature .. ... .........c..0... 20 DEGC
Fuel Material .. ................... 2.0 w/o U235
13 T T 1 T T

_—{

| 1 | 1 1 1 |
05 1.0 15 20 _ 25 3.0 35 40
: WViater/U02 Volume Ratio (W/U Ratio) —————p o
FIGURE 2.2-2

NEUTRON MULTIPLICATION FACTOR FOR INFINITE ARRAY OF FUEL RODS IN BORATED WATER
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Parameters are as follows. (The dimensions used are those
of Westinghouse 15 x 15 fuel)

Fuel! Peliet Diameter- .. . .. ... .. e 0.3659"
Zirc Clad Inside Diameter . .. ... ....... 0573%"
Zirc Clad OQutside Diameter ... ... ..... 0.42.20”
As-BuiltW/URatio ................ 1.647
Temperature . ... .. .. .o inntannn 20 DEGC
. FuelMaterial . . ................... 35v/o U235
AR —T 1 T T

14 —

i I |
05 10 15 20 25 3.0 35 40
Water/U02 Voiume Ratic {W/U Ratio} ———

FIGURE 2.2-3 ‘
NEUTRON MULTIPLICATION FACTOR FOR INFINITE ARRAY OF FUEL RODS IN BORATED WATER
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Parameters are as follows. (The dimensions used are those
of Westinghouse 15 x 15 fuel

Fuel Pellet Diameter . ............... 0.3659"
Zirc Clad Inside Diameter. . .. ......... 0.3734'
Zirc Clad Qutside Diametzr . .......... 0.4220"
As-Built W/URatio ................ 1647
Temperature ... ........ieeencnonn 20 DEGC
FuelMaterial .. ...............0... 5.0 w/o U235

| | | 1

| i i
0.5 15 . 20 25 30 40
Water/U02 Volume Razo (W/U Ratin) ~———p
FIGURE 2.2-4 ~
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APPROXIMATE KE

TABLE 2.2-

1

e A e e L Rl PP, S RLPRETE | R e

FE FOR 0.9 W/0 U-235 FUEL UNDER DIFFERENT ACCIDENT CONDITIONS*

Boron Concentration (ppm)

Condition of Fuel and Fuel Rack

pool conditions, but without boron poison plates.

and thus is representative of normal

0 1000 2000 3000 4000 5000
Fuel and Fuel Rack Intact 0.40 0.36 0.30 0.20 -- --
Fuel'Intact
Or _

Rack Crushed Alternatively 0.19 0.78 -0.64 0.50 -- --
So That Fuel Condition of '
Bundles Touch Fuel in Cores
‘Rack and Fuel Crushed | .

to Maximize k . 0.99 0.80 0.74- 0.72 -- --

eff
)
*0.9 w/0 is typical enrichment for discharged fuel, spent fuel
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TABLE 2.2-2

APPROXIMATE KEFF FOR 2.0 W/0 U-235 FUEL UNDER DIFFERENT ACCIDENT CONDITIONS*

Boron Concentration (ppm)

Condition of Fuel and Fuel Rack

0 1000 2000 - 3000 4000 5000
). . Flel and Fuel Rack Intact 0.80 0.65 0.50 0.35 - -- . .-
2. Fuel Intact%
- Or _ ‘
Rack Crushed Alternatively 1.26 .07 - 0.97 0.83 -- --
So That Fuel Condition of .
Rundles Touch Fuel in Cores
3. Rack and Fuel Crushed ' .
to Maximize keff 1.28 1.08 - 0.99 0.93 -- --

*2.0 w/o U-235 is a typical core average enrichment for reload cores (after reload).
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TABLE 2.2-3

APPROXIMATE KEFF FOR 3.5 W/0 U-235 FUEL UNDER DIFFERENT ACCIDENT CONDITIONS*

Boron Concentration (ppm)

COndition of Fuel and Fuel Rack

0 1000 2000 3000 - 5000 7000
1. Fuel and Fuel Rack Intact 0.95 0.81 0.67 0.53 - --
2. Fuel Intact
' ;”/1 . K OY‘ . .
Rack Crushed ' Alternatively 1.40 1.2~ 1.13 1.02 0.92 0.82
So That Fuel Condition of ‘
Bur:iles Touch Fuel in Cores
3. Rack and Fuel Crushed |
to Maximize Kk : 1.43 1.24 1.15 1.09 1.01 0.9%6

D - -

*1n the past 3.5 w/o0 U-235 has been the fuel rack design basis enrichment. Most fuel rack analyses have been
performed using 3.5 w/o U-235. However, recently enrichments greater than 3.5 w/o have been used at some
plants. Thus in this report we are considering enrichments up to 5.0 w/o U-235.
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TABLE 2.2-4

APPROXIMATE KEFF FOR 5.0 W/0 U-235 FUEL UNDER DIFFERENT ACCIDENT CONDITIONS*

——

Boron Concentration (ppm)

- Condition of Fuel and Fuel Rack

3000 5000 7000 10,000
1. Fuel and Fuel Rack Intact ‘ -- -~ ST --
2. Fuel Intact
' ‘ Or

Rack Crushed Alternatively - 1.15 : 1.02 0.92 0.73

So That Fuel Condition of

Bundles Tcouch Fuel in Cores
3. Rack and Fuel Crushed '

to Maximize K» 1.19 1.1 1.06 1.0

*5.0 w/o is maximum enrichment for new fuel, and thus is representative of worst case spent fuel
pool conditions for a limited number of assemblies in the pool. '



-0f this the pin cell calculations and the results in lines 2 and 3 of these
‘tables are at least slightly conservative for load drop conditions; for racks
that contain a large amount of boral poiscn, these calculations and results
are very conservative. Line 1 of these tables is based on the fuel rack

design basis, and is app]tcab]e to all rack de519ns whether or not they -
contain these neutron poisons.

- The critical mass of PWR and BWR fuel in pure water is of interest in criticality
estimates, and will be noted here. For PWRs, typically, 2 fresh adjacent fuel
assemblies constitute a critical mass. For BWRs, typically, 14 to 20 fresh
fuel assemblies, which always contain gadolinium poison, constitute a critical
mass. During service, the gadolinium is depleted before the uranium, and
hence, the reactivity of B4R assembiies increases during the first part of
their service life. At maximum reactivity, typically 6 BwR assemblies
constitute a critical mass.

2.2.3 Fuel Rack Design Basis

Currently, all fuel racks are designed to be subcritical under two conservative
assumptions: (1) the rack and fuel are imemersed in unborated water, (2) the
rack is an inTinite array in the x-y plare completely filled with fuel of the
~highest enrichment expected to be used at the plant. In review of spent fuel
. pool designs, the staff requires the licensee to demonstrate, by computation,
that under these assumptions the k for the spent fuel is equal to or less
than 0.55. This computation must ngservatively account for all uncertainties.
Many, but -not all, licensees have chosen to account for the uncertalnt1es on a
95%/95% conf1denge/probabnl1ty to]erance limit basis.

In the past the h1ghest fuel enrichments encountered were as follows: (1) PWR

fuel enriched to 3.5 w/o0 11235, and (2) BwWR fuel enriched to give a k

1.35 for an array of adjacent fuel assemblies. However, with the infrzduction

of new fuel management sctemes, some PWR licensees are using fuel enrichments

as high as 4.2 w/o U235, and in the future we may see even higher enrichments.

For those licensees using the more highly enriched fuel, the fuel rack design
- basis should be changed tc reflect the actual enrichments used.

The criticality calculaticns for rack designs are performed using combinations
of diffusion codes, transport codes, and Monte Carlo codes. All calculational
models are benchmarked agzinst critical experiments.

2.2.3.1 Standard Rack Designs

The geometrical details of fuel rack designs in use as of thi: writing are
illustrated in Figures 2.2-5-1 through 2.2-5-11. These are arbitrarily

labeled Type 1 through Type 11 for the purposes of this report. The legend

for these figures is giver in Figure 2.2-5-12. Types 1 through 5 are for PWR
fuel and Types 6 through il are for BWR fuel. Some rack types are one-of-a-kind
or several-of-a-kind, and this is indicated in the figures. These figures are
not drawn to scale, but rather the steel, aluminum, and boral are drawn thicker
than as-built for ease in illustration. '

2-17
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FIGURE 2.2-5-11 TYPE 11 SPENT FUEL RACK - BWR
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2.2.4' Potential for Criticality of -BwR Fuel
2.2.4.1 BWR Spent fuel Rack Design

The new high density BWR racks are composed of arrays of cans containing boral
neutron poison. The spent fuel pools are filled with unborated water, rather
than borated water, as is the case with the PWR spent fuel pools. Most BwP
licensees demonstrate for these racks a k 5 of about 0.86 for fuel in the
racks which would have a k of 1.35 in Sure water in the reactor core lattic.
with the control rods remoszg.

BWR spent fuel racks of type 8 and 9, both of which are two-of-a-kihd‘rack:,
and type 10, which is a one-of-a-kind rz<k depend almost entirely on fuel
separation to maintain the fuel subcritical, and contain no boral poison. For

" these racks, however, there is some neutron absorption in the steel or aluminium
of the racks themselves, which aides somawhat in maintaining the fuel subcritical.

2.2.4.2 Potential for Criticality in A BWR Spent Fuel Pool

First we will discuss the case of racks with boral poison cans. As noted in
Section 2.2.2(1), crushing the BWR fuel assemblies would not significantly
increase the k .. of the fuel. For racks with boral poison, it seeams
inconceivable %Eat any load which might fall on the spent fuel pool would
separate the fue: from the poison cans ard subsequently push the assemblies
together to form a critical mess. Therefore it appears that postulated load
drop events would not cause a criticality in a BWR spent fuel pool that uses
boron plate can tyne racks. ‘ :

For those spent fuel pools which depend on fuel separation to prevent
criticality, that is type 8, 9, and 10 spent fuel racks, the drop of a heavy
. load which crushes the fuel rack would substantially raise k . If several
highiy enriched fuels were stored in the region of the pool 3££re the load is
dropped, a criticality could result. Adiitionally, these types of fuel racks
have separaticn in only one direction, asd herce crushing the rack by a heavy
load drop is more likely to result in an optimum configuration for increasing
ks{i than racks which have separation in two directions, such as certain PWR
racks

2.2.4.3 Potential Criticality of BWR Rezctor Core Due to A Heavy Load Drop

At least three heavy loads are carried over the core during refueling, namely
the steam dryer (20-40 tons}, the moisture separator (20-75 tons), and the
vessel head (45-96 tons). These are carried over the core before and after
refueling. These "before" and "aftar" cases will be discussed separately.

BWR Technical Specificaticns typically require that during refueling, with the
most reactive control rod out of the core, kK P shall be no greater than
0.997. During refueling, single control rod$ &ust be withdrawn, so that a

k £ of 0.997 actually may occur. However, before and after refueling, when
tﬁg heavy loads are carried over the core, all contrcl rods are inserted, and
k is no greater than about 0.96. The k_,. of 0.96 would be attained only
a?igr the core is reloaded. Before reload?hg, k f would be significantly
less than this, orobably no greater than 0.90. €

2-3%



After Reload: For this case, k ¢ is no greater than abuut.0.96. Since the -
core is undermoderated, crushin§ {he core will decrease k £ Thus, it appears
there is no possibility of driving the core critical by c?ughing it in the
after-reload case.

Before Reload: For this case, & £f is no greater than about 0.90. The core
'is overmoderated, but crushing cEh only increase k £ by a fraction of one
percent. Thus it is not pessible to drive the coré Iritical.by crushing it
for the before-reload case.

The reactor is kept subcritical during refueling by the presence of cruciferm

control rods which are inserted from the bottom of the core. If a heavy lead

were to fall on the core and drive these rods out of the core (either before,

- .during, or after reload), the core would immediately become supercritical.
The potential for the lcad to drive the rods out of the cor> is small due to:

. the absorption of energy by deformation of fuc! and control rods, more likely
control reod failure modes than driving rods out of the core, and the catcher
assembly below the control rod drives. However, information available tc the
staff was not sufficient to rule out this failure mechanism as a credible
event. Guidelines contained in Section 5.1.4 and Appendix A require
consideration of this mechanism. '

2.2.5 Potential for Criticality of PWR Fuel

2.2.5.1 PWR Fuel Rack Designs -

FWR fuel racks are maintained subcritical by employing three mechanisms:
separation, steel neutron poison, and boron neutron poison plates. While the
design analysis is performed assuming the spent fuel pool is filled with

unborated water, in actuality the spent fuel water is borated to about
2000 ppm.

while the spent fuel pool boron concentration is typically not specified by a
Yicensing requirement, the refueling water boron concentrations are delineated
in all PWR Technical Specifications, and in all cases the spent fuel pool
boron concentration will be very nearly or exactly the same as that of the
refueling water. No credit is taken for the boron in demonstrating the
subcriticality of the spent fuel pool under normal storage conditions.
Required refueling water concentrations range from 1700 ppm to 2300 ppm boron
concentration, depending on the plant. One notable exception to this is Sa=
Onofre Unit No. 1, for which the required boron concentration is 3750 ppm 2
4300 ppm boron concentraticn.

2.2.5.2 Potential for Criticality in A PWR Spent Fuel Pool

It is apparent from Tables 2.2-2, 3, and 4 that under conditions where an
accidental load drop crushes fuel from an offload core, it may be necessary to
take credit for the borated spent fuel pool water to demonstrate subcriticality.

However, it appears from Tables 2.7-2, 3, and 4 that the 1700 ppm to 2300 pgm
boron concentrat.on normally maintained in the storage pools may not be adeguate
to guarantee subcriticality of a large array of fresh or partially burned fuel
under load drop accident conditions. Subcriticality could be maintained by
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. providing an increased boron concentration. It should be noted that the
results shown in Tables 2.2-2, 3, and 4 were computed without taking credit
for the neutron absorbing effects of the boral poison in the fuel racks or the
structural aluminum or steel. Some racks rely heavily on the presence of
.these absorbers to maintain the fuel in a subcritical condition, while other

- racks rely principally on fuel separation to maintain the fuel subcritical.

- For those racks which rely principally on.separation. the values in Tables 2.2- 2
-3, and 4 could be reasonably conservative for load diop accident conditions.
For racks which contain a large amount of solid neutron absorber, under load
drop -accident conditions we can expect kK of f to be significantly lower than is
indicated by the tables.

It should be noted that the a-ove conclusions may be somewhat conservative
because they are based on criticality calculations which assume an infinite
array of highly enriched fuel. Generally, criticality calculations based on
more realistic amounts of highly enriched fuel predict substantxa]ly lower
requ1red boron concentrations.

Additionally, it is possible that the drop of a heavy load could puncture the
spent fuel pool liner. Normally, for PWR spent fuel pools, the borated refueling
water can be pumped directly intc the spent fuel pool to make up for leakage.

If the leakage is so great that the reserve of borated water is exhausted, it
would be necessary to fill the pool with unborated water from whatever source
might be available. If such an accident also crushed the fuel rack to bring a
large amount of highly enriched fuel together, then a criticality would ensue

due to boron dilution. The potential for damage to- the pool liner due to an
accidental load drop is further dmscussed in Section 2.3.

2.2.5.3 Potential Criticality of A PWR Reactor Core Due to Heavy Load Drop

There are two lcad drop mechanisms which could cause a criticality of the core
during refueling.

(1) The reactor vessel could be damaged and the borated refueling water
. backup exhausted, resulting in criticality due to boron dilution when
makeup is supplied from an unborated source.

-(2) The fuel could be compacted to a critical configuration in the 2000-ppm
refueling water.

The potential for damage to the reactor vessel due to a load drop 1s discussed
further in Section 2.3.

‘With respect to the potential for fuel to be crushed to a compact configuration,
the data from Table 2.2-2 at 2.0 w/o U235 may bte used to —epresent effects or
a reload core. At 2000 ppm, the worst case analyzed here gives a whole core

of 0.99. The control rods, which are in the core during refueling, and
af g not considered in Table 2.2-2, have a reactivity wortﬁ\of-abopt 10%. This
would bring the k down to about 0.89. Reload core average enrichmnents
range from about s 6 w/o U235 to 2.4 w/o U235. The difference of 0.4 w/o0 U235
has a reactivity worth of, at most, 0.06. This would bring K up to approxi-
mately n.95. Thus, assuming about a 5% uncertainty on.the abSvg analysis, the
maximun keff of a reactor core under load drop conditions ranges‘from about
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0.85 to 1.00. These figures do not rule out the possibility that a PWR core
- could.become critical under the worst postulated load drop conditions. From
‘Table 2.2-2 it seems that for the worst postulated load drop conditions, the

core .could be maintained subcritcal if boron concentration is maintained above
2500 ppm. - A

The above discussed the potential for criticality usin. an average cor: enrich-
ment value. However, some higher enrichment assemblies are located in the
core. . It appears unlikely th:at crushing the more highly enriched assemblies
lToceted around the perimeter of the core (i.e., 3.5 w/0) could result in a
localized criticality. The cores are always designed to produce a flat power
distrbution, with the highly enriched assemblies placed in positions where the
rectron leakag2 is high. In fact, beécause of this leakage, the highly enriched
iv=sh fue, assemblies are normally the low power assemblies in the core. - In
Tables 2. ;-2 and 2.2-3, it can be seen that for both the core average assemblies
anc che 5.5 /0 U-235 assemblies, optimal crushing increases the reactivity by
about 2%.  Ynes, crushing is not expected to drive the local k in the

highly enrichad assemblies significantly above the k eff for thg whole core.

2.2.6 S, ncucsis of Potential Criticality Situations

Inthe ri. o Vols - "~anhs we have discussed the potential for criticality in
the ever: 7 2 -, 'v-.d drop in some detail. We will here give a summary of
*hese fir-uin- ' _

For the '~ .. 1g cases there appears to be no potent1a1 for criticality due
te a heavy o 1rop

(1) BWR srent fuel racks made up of a compact array of cans with boron plates;
(2) A BWP core, if it is postulated that the drop of a heavy loaa will not

drive the contrel rods out of the core. '
(3) A BWRrR or PWR spent fuel pool which contains only totally spent fuel.

A low potential for criticality exists in the following cases:

(1) A PWR reactor core if crushed due to a heavy load drop.

(2) PWR and BWR spent fuel racks which contain some neutron poison, but still
depend on fuel separation to maintain the fuel subcritical. These would
only be a problem if crushed and if they containec ron-spent fuel.

(Note: Al PWR racks depend to some extent on separation, BWR racks may
- or may not depend on separation).

A high potential for criticality exists in the following cases:

(1) A BWR core if the heavy load were to drive the conirol r.is out of the
core, although the probability of this failure mode is considered small.

(2) PWR and BWR spent fuel racks .which have no boral poison, but depend on
fuel separatior to maintain the fuel subcritical. This would only be a

problem if they were crushed and if the- contained non-spent fuel such as
an off-1oad core. : A C
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2.3 Safe Shutdown Equipment

A
Loads may be carried in the area of safe shutdown equipment when the plant is
operatlng If these loads experienced uncontrolled movement or were dropped

"' on safe shutdown equ'pment, the equipment may be unable to perform its function.

The safe shutdown equipment includes items such as cabling, pumps, instrument
racks, the control room, switchgear, and piping required to attain and maintain
a safe -shutdown. The loads could include various plant equipment, such as
motors, pumps, valves, heat exchangers, switchgear, turbine equipment, and
shielded shipping casks.

An example of the above is the handling of the shielded spent fuel cask in a
BWR. The cask may be carried into the reactor building on a rail transporter
or truck flatbed, and then unloaded and hoisted from grade elevation vertically
90 feet (27 m) to the refueling floor level. If a "two-blocking" event were
to occur during this 1ift, a load drop in excess of 90 feet (27 m) could
result. At some BWR's, this cask 1ift takes place over the suppression pool
‘or a corner room which may contain residual heat removal (RHR), core spray, or
reactor core isolation cooling (RCIC) pumps and equipment. It is generally
acknowliedged the intervening floor can not withstand a cask drop from such an
eievation. The exact equipment that may be damaged in such e postulated event
will depended on the specific plant layout and the location(s) where the drop
is postulated to occur. If equipment from only one safety division, or safe .
shutdown path, is damaged, cafe shutdown could generally be effected using
equipment from the alternate or redundant shutdown path.

The potential for load drops to damage equtpment from both safe shutdown raths
will depend on plant layout and potential load paths. However, for most
plants, redundant or dual equipmert is aiready well separated due to other
safety concerns such as protection against flooding, missiles, pipe whip,
electrical f-.1iing, and fire protection. Despite measures taken for these
concerns, areas may still exist, particularly at older facilities, where
redundant safe shutdown equipment are located in the same area or in separate
areas but still within the path of a falling load.

ool and Vessel Water Inventory

The reactor vessel head may weigh 55-165 tons (50,000-150,000 kg) and may be
hoisted 20-5C feet (6-15 m) above the vessel flange. [During the refueling
operations, a drop of the reactor vessel head could impact the vessel flange.
Since PWR vessels are typicelly supported by the vessel nozzles and refueling
takes place when the vessel is cold and possibly below the NDTT (nil-ductility
transition temperature; i.e., part of the vessel is in the brittle ‘racture
. range), a load drop having sufficient kinetic energy may potentiaily result in
damage to the vessel nozzles or piping and cause loss of water inventory.
Damage to only the nozzles or to piping would not in itself uncover the core;
however, the possibie lack of makeup water along with the boil-off due to
) decay heat could lead to uncovering of the.core and subsequent fuel damage and
‘release of fission products. Additionally, it appears that a poctulated load
drop of the vessel head could potentially damage the vessel itself in either
BWRs or PWRs, and lead to uncovering the fuel if sufficient leakage resulted
beyond water makeup capability.
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Similarly, a load drop of the spent fuel cask in the spent fuel storage area

- could potentially result in damace to the spent fuel pool liner and structure,
causing leakage of inventory. FE.cessive i2akage beyond water makeup capability
could lead to uncovering of the fuel with subsequent fuel damage and release
of fission products.

)”’/
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3. SURVEY OF LICENSEE INFORMATION

In response to the staff's generic letter of June 12, 1978, licensees submitted

various details related to load handling operations at thEIF fac111ties This
informalion included:

(1) Identification of heavy loads and frequency of movemént over or near

' spent fuel in the storage pool or fuel in the reactor;

(2) Identification of lnad paths normally followed in handiing these heavy

: ‘loads;

(3) Descr1ption of procedures developed relative to handling of heavy loads;

(4) Identification of certain analyses performed relative to a heavy load
drop, such as cask drop analyses;

(5) Identification of certain design features which preclude a heavy load
drop, such as a single-failure-proof crane;

(6) Identification of certain safety systems over which heavy loads may be

- handled; and

7 Ident1f1cat1on of conformance to Regulatory Guide 1.13, namely whether a

single failure proof crane is provided, the spent fuel pool is desicned

to withstand a cask drop, or loads are precluded from being brought over
the spent fuel pool by crane design.

The following sections provide a summary of the information submitted, indicating
the types of heavy loads that are handled and the measures already in effect
‘which prevent, or mitigate the consequences of, accidental load drops.

- In general, information in this Section does not 1nc1ud° plants in the Systematic
Evaluation Program (SEP) because at the time this generic letter was sent to
licensees, the staff was planning to have the SEP Program resclve this issue

for SEP plants The staff has since decided that implementation of guidelines

contained in this report will be carried out for all operating plants; including
SEP plants.

3.1 Heavy loads

Information submitte” Yy licensees was reviewed to identify the types of heavy
loads that are handled, and their frequency of movements, over or in proximity
to spent fuel or safe shutdown equipment. Table 3.1-1 provides a summary of
typical loads handled, frequency of movement, and range of weight of the
loads. The following are significant points to be noted from Table 3.1-1:

(1) . PWR - Refueling Building

(a) There are a large rumber of heavy loads that say be carried in
proximity to spent fuel, but for many plants, heavy loads need not
be brought over spent fuel in the pool. This means that measures,
such as the installation of mechanical stops or electrical interlocks,
can be taken to preclude loads from being brought over spent fuel.

(b) Despite this, some loads such as the spent fuel shipping cask and
pool gdtes may have to be brought over or near the spent fuel pool,
although not over spent fuel.

{c) Certain p]anus may have to bring heavy loads over or in proximity to
spent fuel. _



TABLE 3.1-1

- SURVEY OF HEAVY LOADS

Over (0) or Only -

Proximity (P) to Approx.l/ Fy equency
Area Loads Handled Fuel Weight = Handled
PWR - Refueling Spent Fuel Shipping Cask (P) 15-110 Tons 2/
Building (13-100,000 kg)
: Pool Divider Gates (some plants) (P) 2 Tons 2-4 x's (per
(1800 kg) refueling)
Fuel Transfer Canal Door (P) 2 Tons 2-4 x's (per
(1800 kg) refueling)
Missile Shields : (P) 4-20 Tons 2 x's (per
(4-19,000 kg) ~refueling)
Irradiated Specimen Shipping (P 3.5-12 Tons Once per year to
Cask (3-11,000 kg) once per 10 years
Plant Equipment- (some plants) (0) 2-4 Tons As required for
(e.g., pumps, motors, valves, (1800-3600 kg) modification or
heat exchangers, et..) replacement
Spent resin, filter, or other (P) 5-37 Tons ~ 5 x's per year
radioactive material shipping (4500-33,000 kg)
casks :
/
New fuel shipping containers (P) '3-4 Tons 3
with fuel (usually 4 assemblies) (2700-3300 kg)
Failed Fuel Container (0) 1 Ton Less than once

(900 kg)

per refueling
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TABLE 3.1-1 (Continued)

Over (0) or Only

‘ : Proximity (P) to ' Approx.l/ Frequency
Area Loads Handled Fuel Waight - Handled
1. (cont.) 10. Fuel transfer carriage (0) or (P) 1.5 Tons Only for main-
' . (1330 kg) tenance or repair
: (~ once per 10 years)
11. Crane Load Block (0) 4-10 Tons 1/
"(4-9,000 kg)
2. PWR - Containment 1. Reactor Veusel Head (0) 55-165 Tons 2 x's (per
Building (50-150,000 kg) refueling)
2. Upper Internals (0) 25-65 Tons 2 x's (per
(23-33,000 kg) refueling)
3. In-Service Inspection Too) (0) 4.5 Tons Used at least once
' - (4,000 kg) every three years
4. Reaztor Coolant Pump (P) 30-40 Tons 4-10 x's over
(27-36,000 kq) 1ife of plant
5. Missile Shields (P) 10-20 Tons 2 x's (per
(9-18,000 kg) refueling)
6. Crane Load Block (0) 4-10 Tons -
(4-9,000 kg)
3. BWR-- Reactor . Missile or Shield Plugs (6-12) (P) 15-125 Tons 2 x's (per
Building. (13-112,000 kqg) refueling)
2. Drywell Head (P) 45-85 Tons 2 x's (per

(40-77,000 kq)

refueling)
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TABLE 3.1-1 (Continued)

Over (0) or Only

: Proximity (P) to Approx.l/ Frequency
Area "~ Loads Handled Fue) Weight = Handled
3. (cont.) " 3. Reactor Vessel Head (0) (Over 45-96 Tons 2 x's (poar
» reactaor) (40-86,000 kg) refueling)
4, Steam Dryersé/ (0) (Over- 20-40 Tons 2 x's (per
reactor) (18-36,000 kq) refueling)
5. Moisture Separatorsé/ (0) (Qvar 20-75 Tons 2 x's (per
reactor) (18-68,000 kg) refueling)
6. Spent Fuel Pool Gates: (0) (Over . 2-6 Tons 2 x's (per
spent fuel (1806-5,000 kg) refueling)
pool) :
7. Dryer/Separator Storage Pit (P) 75‘Tons 2 x's (per
Skield Plugs (some plants) , (68,000 kg) refueling)
8. Refueling Slot Plugs (0) (Over 2-6 Tons 2 x's (per
: spent fuel (1800-5400 kg) refueling)
pool)
9. Spent Fuel Shipping Cask (0) (Over 15-110 Tons 4
spent fuel (14-99,000 kg)
N pool)
X 10. Vessel Service Platform (0) 1-5 Tons 5-10 x's (per
~ (900-4500 kg) refueling)
+ ' 11.  Waste and Debris Shipping (0) (Over 8-30 Tons "1-3 x's: (per
reactor and/ (7-27,000 kg) year)

Casks :

or spent fuel

pool)




TABLE 3.1-1 (Continued)

Over (0) or Only

o Proximity (P) to Approxhl/ Frequency
Area Loads Handled Fucl S Weight = Handled
3. (cont.) 12. Vessel Head Tnaulation (P) 4-6 Tons 2 x's (per
(4-5,000 kg) refueling)
13. Replacement Fuei Storage (0) (Over 8 Tons On installation
Racks for Spent Fuel spent fuel) (7,000 kq)
14. Crane Load Block (0) 4-T0 Tons 1/
' (4-9,000 kg)
- ’ 15. Plant Equipment (0) (Ovér 1 Ton
safety equip.) (900. kg) :
4. Other Plant'z 1. Spent Fuel Shipping Casks (0) (Over 15-110 Tons . 2/, &
: Areas ' : (some plants) safety equip- (14-99,000 kg) -
\ ment)
2. Turbine or other equipment (0) (Over) . 2-150 Tons As required
in turbine building (some safety equip- (2-135,000 kg) for equipment
plants) ment) overhaul and
replacement
3. Other plant equipment (pumps, (0) (Over 1-30 Tons As required for
motors, valves, heat exchangers, safety equip- (1-27,000 kg) equipment overhaul
etc.) : ment) ' and replacement

T
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. TABLE 3.1-1

-

FOOTNOTES

~Listed weight for lcads does not include weight of lead block except
"~ where listed separately. The load block may add 4-10 tons (4,000 -

9,000 kg) to the weight of the dropped load. Because of this, the load

“block should be considered a heavy load even if it is not carrying a

Toad, or is being used with a lighter load.

Thése are presently not being used at most plants. However, once oifsite
waste repositories are established, casks will be used frequently for
shipping spent fuel offsite. For a typical 1,000 MWe pressurized water

- reactor, spent fuel casks must be shipped offsite fror 7 to 65 times per

year dejending on the size cask used. This is based on casks currently
licensed for use in the United States.

A typical 1,000 Mwe power plant would usuaily require 16 or 17 new fuel
containers (four fuel assemblies each) per year.

These are presently not being used at most plants. K wever, once offsite
waste repositories are established, casks will be used frequently for
shipping spent fuel offsite. For a typical 1,000 Mwe boiling water

actor, spent fuel casks must be shipped offs’ » fron 12 to 125 times
per year depending on the size cask used. This is bzsed on casks currently

"licensed for uce in the United States.

Due to certain dimensional restrictions, for most BWR's it would not be
possible to drop the dryers or moisture separators onto fuel in the
reacior core.



(2) PWR - Containment Building

(a) A1l plants have to carry the reactor vessel head and vessel internals
over the reacter vessel ani core. Further, periodicaliy other
inspection or maintenance squipment will be handled over the reactor
vessel.

(b) Certain otiher loads would mormally be carried in proximity to the
reactor, and if properly czntrolled, would not be brought over the
reactor vessel or core.

(3> BWR - Reactor Building

(a) As in the PWR Containment Building, there are a number of heavy
loads such as the vessel! hzad, steam dryers, anc moisture separators
that would have to be movei over or in close proximity to the reactor
vessel and core. Further, other inspection and maintenance equipmént
will be periodically handlad over the reactor vessel.

(b) Certain heavy loads at most plants would have to be brousnt over the
spent fuel pool but not ovar spent fuel 1prroper1y handled, "such as
refueling siot plugs, spen: fuel pool gates, spent fuel shipping
cask, and shielded radioastive waste and debris shipping casks.

(c) There are a number of 10ad: that would normally be carried in proximity
to tha reactor vessel and spent fuel pocl. TIf properly handled,
these would nct be moved oser or in close proximity to fuel in the
core or in the spent fuel pool.

(d) The reactor building contzins equipment for safe shutdown systems.
Heavy loads, such as the scent fuel shipping cask or plant equipment,
may be carried over safe sautdown equipment in the reactor building.

(4) Other Plant Areas

There are a number of heavy lozis which, if not properly contrclled,
could be brought over safe shutdown equipment.

Additiorally, once offsite waste rezisitories are established, there will be
frequent handling of spent fuei shipzing casks. The frequency will depend on
the size of the plant and the size <3ipping cask to be used. Because c¢f this,
the frequency of movement could vary from only five to over 100 shipments per
year. It should be noted that if ore of the larger casks were used by a
certain.-facility, this would mean fever offsite shipments; however, due to the
larger size of the cask, the destruziive forces developed by a postulated load
drcp may result in more damage to 7uzl zssemblies as well as to safe shutdown
equipment. The size of cask that m:z; be used will alzo be Timited by crane
capacity, rail capacity serving the rfacility, and physxud1 space ava1lable for
movement of the cask.

3.2 Present.Protection

The types of measures presently preoiided at operating plants to prevent or
mitigate the consequences of accidertal ioad drops varies considerably. The
- following 'sections describe the recitits of our survey of licensee information
to identify such measures.



3.2.1 Technical Specifications

--Most plants have technical specification requirements that pertain to the
handling of heavy loads. Additionally, Standard Technical Specifications
include a specification that prohibits travel of loads in excess of the nominal

-weight -of a single fuel assembly over fuel assemblies in the storage pool.
Twenty-seven plants (Table 3.2-1) do not have such a specification. However,
fourteen of these plants include design features such as interlocks or single-
failure-proof crane design to preclude a heavy load Troz dropping on spent
fuel. Thus heavy loads could be carried over fuel assemblies in the storage

- pools of fourteen of these plants. This table includes plants in the Systematic

Evaluation Program (SEP). '

Several plantc have a technical specification that prohibits movement of the
spent fuel cask over the spent fuel pool. However, as noted in Table 3.2-1,
such a specification does not prohibit other heavy loads from being carried
over the spent fuel pool such as spent fuel pool gates, refueling slot plugs,
waste and debris shipping casks, plant equipment, fuel transfer carriage, or
Jjust the crane load block without a load. Tnerefore, a specification that
restiricts movement of only the cask is not adequate to restrict other heavy
ioads from being carried over fuel assemblies in the storage pool.

3.2.2 Lload Handling Procedures

Several plarts have procedures related to the handling of heavy lcads as shown
in Table 3.2-2, for activities such as crane operation, rcfueling, handling of
reactor components, or cask hanidiing. However, a large number of plants
apparently do not have such orocedures. ‘

Additionally, very few plants (3 out ¢f 54) have proceduvres related t2 training
of crane operators.

3.2.3 Crane Design

The survey included 54 non-SEP operating reactors comprised of 36 PWRs and 18
BWRs. Each of the 36 PWFs had its own individual polar crane to serve the
reactor vessel within containment. By sharing the rectilinecr cranes betwcen
two reactors at 10 PWR sites, the total number of PWR spent fuel cask handling
rectilinear cranes was 26. Therefore, a total of 62 polar and rectilinear
cranes were instclled at the 36 PwWR reactors for handling heavy loads over or
near the reactor vessel or storage pool. Due to the difference in plant
layout at the 18 BWR reactors, one rectilinear crane is capable of servicing
both the reactor vessel and associated spent fuel pool. Further, at one BWR
site, one rectilinecr crane was able to meet the load handling requirements of
three reactors and their associated spent fuel pools. At another BWR site the
single rectilinear crane serves two reactors and associated spent fuel pcols.
Therefore, the 18 BWR reactors included in the review required a total of only
15 rectilinear cranes. At two of the reviewed BWR sites, the rectilinear
crane also served other reactors not included in the survey, i.e., an SEP
reactor and a reactor which was not included in the survey because it had not
become operational at the time the questicnnaire was sent out. Conseguently,
the 15 rectilinear cranes actually served the load handling requirements of

20 reactors and associated pools.



TABLE 3.2-1

TECHNICAL SPECIFICATIONS PROHIBITING
HEAVY LOADS OVER STORAGE POOL

Flants that do not have a Technical Sbecification prohibiting handling of heavy
loads over spent fuel (i.e., greater than a fuel assembly plus handling tool):

NOTES
Big Rock Point .
Browns Ferry 1 - 3 single-failure-proof crane
Cooper : Limit switches to prevent
travel over spent fuel
Dresden 1 ; : 1/
Dresden 2 and 3 - single-failure-proof crane—
Duane Arnold
Ft. Calhoun : _ electric interlocks to prevent
‘ travel over spent fuel
FitzPatrick
H. B. Robinson single-failure-proof crane
Hatch 1 single-failure-proof crane
Haddam Neck : 1/
Indian Point 2 1/
Millstone 1 1/
Monticello o single-failure-proof crane
Nine Mile Point ' single-failure-proof crane
Oyster Creek
Palisades
Pilgrim
Maine Yankee 1/
Quad Cities 1 and 2 ' single-failure-proof crane-
Turkey Point 3 and 4 1/
Vermont Yankee : single-failure-proof crane-

1/

—" These facilities have technical specifications that prohibit handling
of the spent fuel cask over the spent fuel pool, but do not prohibit
heavy loads other than the cask from being brought over spent fuel.
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TABLE 3.2-2 st

SURVEY OF PROCEDURES IN EFFECT
RELATED TO. CONTROL OF HEAVY LOADS

PLANTS WHICH

APPARENTLY
PLANTS WHICH DO NOT
HAVE SUCH]/ HAVE SUCH2/
PROCEDURES— PROCEDURES=
1.  Procedures on crane operation 34 - 20
2. Refueling procedures 30 24
3. Movement of reactor components 27 27

during or prior to refueling
4. Cask handling operations 22 32

5. Crane operator training 3 _ 51

l/In some cases procedures were not submitted, but were referenced by title
and/or description.

2/

="Information provided by licensees did not indicate that such procedures
were in use.



Our review shows, as indicated in Table 3.2-3, that the intent of NUREG-0554,
"Single-Failure-Proof Cranes for Nuclear Power Plants," was:

(1) not met by any of the 36 PWR polar cranes,
(2) not met in 24 of the 26 PWR rectilinear cranes (however, two licensees
: have committed to upgrade a total of two cranes serving three plants to
~ meet single-failure-proof criteria),
(3) not met by 5 of the 15 BWR rectilinear cranes. (None of these 5 cranes
served more than one reactor), and
(4) apparently met by the remaining 10 BWR rect111near cranes. (At one site
where the rectilinear crane served 3 reactors, the utility made crane
modifications in order to make it’sing]e-fai1ure-proof, however the staff
has not evaluated these modifications.) Further there are three other
sites where the crane serves more than one reactor and associated spent
fuel pool, i.e., one case where two reactors in the survey share one
crane, one case where one of the two reactors was not included in the
survey because it was not operational when the questionnaire was -sent
out, and one case where the crane is shared between an SEP plant and a
- reactor included in the survey. Thus, the 10 single-failure-proof BwR
cranes serve 13 reactors included in the survey, or 15 reactors counting
the SEP plant and the plant which became operational recently.

3.2.4 Other Design Features

In addition to the use of a single-failure-proof crane, various other design
features are used in operating plants as shown in Table 3.2-4. For example,
the spent fuel pool arezs of 51 of the 54 operating plants included in the
survey are enciosed, exhausted through charcoal filters, and have ventilation
systems that maintain the area at a Tower pressure than the outside area so
that leakage is into the area. Such a feature will reduce the quantity of
airborne radioactive iodines released to the environment, as discussed in

- Section 2.1. These filters, however, are not effective in removing noble
gases such as kryptons and xenons, which contribute to the whole body dose.

Approxizately one- ha]f ¢f the operating plants have spent fuel pools that are
designed for their assumed cask drop, so that leakage that may result from a
cask drep is not sufficient to cause uncovering of spent fuel. Some of the

" spent fuel pools for the remaining operating plants may be able to withstand a
cask drop even though they were not originally designed to have this capability.

Fewer than one-half of the operating PWR plants have rapid containment isolation
on a high radiation signal (16 of 36 PWRs). Such a feature reduces offsite

dose that may result from dropping of a heavy load on spent fuel although the
size of the release will depend on the response time of this system. As a
result of the staff's review of the containment purge system; the balance of

the PWRs will have this capability, zlthough it may not be automatic during

the refueling mode. (See "Containment Bu11d1ng PWR" Gu1de11nes Sec%ion 5.1.3.)
According to licensee responses, 39 of 54 operatlng plants have a spent fuel
pool that is apparently designed to comply with Regulatory Guide 1.13. This
means that such piants either have a single failurc proof crane, a pool designed
to withstand a cask drop without experienceing excessive leakage, electrical
interlocks to prevent heavy loads fram being carried over the spent fuel pocl,
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TABLE 3.2-3

CRANES SATISFYING INTENT OF Ry,
NUREG 0554-SINGLE FAILURE PROOF CRANE-

Satisfy NUREG-0554 Do Not Satisfy NUREG-0554

# Plants # Cranes # Plants # Cranes
PWR:  Containment Polar Crane 0 0 36,, 36,
" Refueling Building Crane 2 2 34~ 24~
BWR:  Reactor Building Crane 13 10 53/ -t

l/Fifty-fou_r‘(54) reactors were covered i: the survey. Not included were eleven (11)

SEP plants, two (2) plants indefinitely out of service, two (2) olants which were
recently licensed, and Ft. St. Vrain which is a Gas-Cooled Reactor and the survey
was limite¢ to water reactors (there were 70 plants licensed to operate as of
September 1979).

g/However, licensees nf three (3) of these plants have committed to upgrade the
cranes used to handle the cask (affects two (2) cranes), although no date for
completion of this upgrading has been established.

2/However‘, one BWR licensee has committed to upgrade the reactor building crane.
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TABLE 3.2-4

SURVEY OF DESIGN FEATURES

RELATED TO CONTROL

OF HEAVY LOADSY’

PLANTS THAT PLANTS WITHOUT
HAVE THIS THIS:
DESIGN FEATURE  DESIGN FEATURE

Containment (Spent Fuel Pool Area) 51 3

Charcoal Filters (Spent Fuel Pool Area)’ 51 3
Pool Designed for Their Assumed Cask Linp 26 ' 28

Containment Isolation on High
Radiation (PWR) | 162/ 20

Compliance with Regulatory

Cuide 1.13 39 15
l/Exclusive of crane features covered by Table 3.2-3.
. 5/PHR p]ahts that have rapid containment isolaticn on high radiation:
D.C. Cook 1 & 2 ' Prairie island 1 & 2
Ft. Calhoun Rancho Seco
Farley Salem 1
Maine Yankee Turkey Point 3 & 4
North Anna 1 =7 - lion 1 & 2

Point Beach 1 & 2
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or cranes whose range of travel is such that heavy loads could not be brought
over the spent fuel pool.

3.3 Load Drop'Analyses

In addition to the design features described in Section 3.2, for some postulated
load drops analyses have been performed to show that potential consequences

 are not unacceptadle. All operating plants included in the survey have performed

analyses related to a postulated fuel handling accident. However, few plants

have performed other analyses, as summarized in Table 3.3-1.

Only five (5) plants have analyzed the potential consequences of a cask drop
on spent fuel, in terms of offsite releases. Three (3) plants have performed
analyses of the potential for a cask drop to cause criticality. Six (6)

plants have analyzed the consequences of a reactor vessel internals or reactor_
head drop in terms of potential damage to the reactor vessel or to fuel in the
core. In addition to these analyses tweity-six (26) plants have spent fuel
pools that are designed and analyzed to withstand an assumed cask drop as
listed in Table 3.2-4. In some cases the assumed cask weighs significantly
less than the load rating of the overhead crane handling system. )
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TABLE 3.3-1

SURVEY OF LICENSEE
ANALYSES RELATED TO
CONTROL OF HEAVY LOADS

PLANTS THAT
HAVE PERFORMED
THESE ANALYSES

PLANTS THAT HAVE .
NOT PERFORMED
THESE ANALYSES

Cask drop damage to fuel 5
Fuel handling accident - 54
Potential for drop to cause criticality 31/
Plenum assemtly or reactor head drop : 6
17

the spent fuel pool, but not in the reactor.

2/

require carrying of the cask over the spent fuel pool.

- 3-15

49/
0
5

These analyses only considered potential for a drop to cause criticality in

However, some of these plants have separate cask loading areas and would not



4. REVIEW Of HISTORICAL DATA ON CRANE OPERATIONS

A variety of industrial type cranes and hoists have been in widespread use for
wany years to handle loads of greater than one ton (900 kg). They include
chain falls, cable hoists (motor and mechanical - ratchet type), gantry cranes,
-- cantilever gantry cranes, boom cranes (fixed and portable), rectilinear or
overhead traveling cranes, cantilever wall cranes and polar cranes. As such,
there is a broad base of experience with cranes and hoists, and a continual
improvement in equipment to reduce the frequency of accidents. However,
despite this broad base of experience, there is no single data bank available
that can provide an accurate prediction of crane reliability against a load

drop (i.e., probability of crane operation without dropping the load, per
1ift).

Typically, crane events that result in significant properly damage or personnel
injury are reported to insurance compinies. However, not &11 events are
reported and thus the completeness of such data is uncertain. Additionally,
these statistics do not generally identify cause categories. Nonetheless,
-data is available from other sources that may be used to estimate bounds on
the probability of a load drop, and to identify the principal causes of crane
-accidents. Useful dita was obtained from the Occupational Safety and Health

Administration, the Department of the Navy, and the NRC Licensee Event Report.
(LER) data file. .

4.1 OSHA

The Occupational Safety and Health Administration (OSHA) collects some data on
crane events (formerly through the Bureau of Labor Statistics). This data
involves only those events reported to OSHA or obtained from insurance company
records and therefore is not complete. This data only lists statistics eon
cause categories and does not include reports or descriptions of the events

for further analysis. It does, however, present an interesting picture of the

. major causes of significant crane failures based on a large sample of industrial
crane events. Table 4-1 provides a summary of the data ccllected by OSHA. A
review of this data indicates that:

(1) The greatest contributor to crane accidents are crans operator errors
(Categories B, C, and F) which accounted for 42% of al1 accidents.
Improved operator training and qualification and use of operating
preocedures would reduce the frequency of operator errors.

(2)- Improper rigging or inappropriate slings was the next greatest cause of
crane accidents (Category A}, with 34% of all accidents. Improved under-
standing of guidance on handling loads with slings and periodic inspection
of the 1ifting devices would reduce the frequency of “ms type of failure.
This would also reduce frequency of Category E events (overloading).

{3) Crane component failures (14% - 15%, if we consider a portion of Category G
events) also led to many of the accidents. Improved maintenance and
inspection would reduce the occurrence of Category D and G events
{(equipment failures, inadequate inspection and mairtenance, and other
various causes). :
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TABLE 4-1 -

DATA ON _CRANE ACCIDENTS

1/

FROM OSHA=" RECORDS

The following is a statistical summary of major crane accident causes based .
on an analysis of over 1,000 crane accidents involving damage to equipment:

P

" CAUSE CATEGORY - PERCENTAGE
~A. Loss of load due to poor riggirg or slings 34

B. Performing minor maintenance, inspection, or

“unrelated work while load is in motion - 22
C. . Operating crane without authorization or

proper signals : 18
D. Failure of defective boom, cable, or sheaves 14
E. Failure due to overloading 4
F. Handliing load too near stationary equipment . 2
G. Other causes (including failures of control

systems and inadeguate inspection or

mairtenance) 6

l/Occqpati'onﬂ Safety and Health Administration
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4.2 Navy

. . [} - :
A large number of -cranes and hoists are used by the U.S. Navy in applications
ranging from large shipyard cranes and on-board cranes used for cargo or
weapons handling, to smaller cranes, hoists, and chainfalls used for miscel-
laneous load handling. The number of cranes and hoists in active use in any
one year is approximately 2500 to 3000. The Navy personnel contacted during
this study did not have access to an exact accounting of the number of cranes
or hoists in use; however, based on the experience of these individuals in
shipyard crane operations and shipboard cranes and boists, it is believed that
these are accurate limits on the nusber of cranes and ho1sts in use.

Similarly, an exact accounting of the number of 1ifts per year made by each
crane was not available. The frequency of usage varies greatly; where a few
cranes my be used only 5 or 10 times per year, others may be used almost 4 or
5 times per day (or approximately 1,000 to 1,250 times per year, excluding
weekends and holidays). It is believed that an average number of 1lifts per

crane is probably between 2 and 10 times per week (or approximately 100 to
500 1ifts per year). .

Using the above, we estimate that there are between 2.5 x 105 and 1.5 x 10°
1ifts per year by Navy cranes.

The Department of the Navy maintains several reporting systems that record

crane events that involve material damage or personnel injury involving Navy
cranes. The data system records causes of events, consequences and sequence

of actions leading up to the event. The task group received computer print-out
summaries of 466 crane events covering a period from February 1974 to October
1977. Most of these events involved minor personnel injuries. Of the 466 events,
75 events were ones that resulted in equipment damage, and of these 45 events

were identified as load drops or potential load drops. Table 4-2 provides a
summary of the principal causes of these 45 events.

The 45 load drop or poteitial loed drop events occurred between February 1974 .
and Octoser 1977. However, 31 of these events took place from January 1977 to
October 1977 (70 months). (Orly 14 of the 45 events occurred in 1974 through
1976. This is due to changes in the number of facilities and vessels covered
in the reporting system.) - The 31 events over 10 months is eguivalent to
approximately 37 events per year.

If we assume that somewhere between ali and 1/2 cf all events are being reported,
" then load drop or potential load-droy events are occurring at a rate of between -
37 and 74 events per year. If we then combine this event rate with the estimated

number of 1ifts per year, we can obtain a conservative estimate of probability
of load drop per Tift:

‘ _ No. of load drops per year
P (load drop) = No. of 1ifts per year

b
L
Where 37 < D < 74, with a midpoint of 55.5; and 2 5 x 10° < L <1.5x 105,
with a midpoint of 8 75 x 105.

Therefore, 2.5 x 10° < P (load drop) < 3 x 10* with a midpoint of 2.7 x 105.

;
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y - TABLE 4-2
CAUSES OF CRANE ACCIDENTS

DEPARTMENT OF THE NAVY

(February 1974 - October 1977)

NO. OF LOAD TOTAL NUMBER OF
. CAUSE ‘DROP OR PCTENTIAL CRANE EVENTS RESULTING
CATEGORY LOAD DROP EVENTS ¥ OF TOTAL IN EQUIPMENT DAMAGE % OF TOTAL
1. Crane Fail-
ure 10 ' 23% 17 . 23%
(Design : . - o C :
Error) (1) (2.3%) (2) (3%)
(Maintenance |
Personnel) (2) o (4.6%) (2) ‘ (3%)
(Crane Com-
ponent _
Failure) (7) - (16.3%) (13) _ (17%)
2. Crane Operator 1
Error 30=- 70% . 54 73%
(Distraction/ -
Inattention) (11) (26%) (24) . (32%)
(Inadequate .
Training) (8) (18%) . (13) _ (19%)
(Failed To
Follow Proper
Precautions/ ‘ ‘
Procedures) (11) (26%) _ (17) (23%)
3. Rigging 3 7% - 3 ‘ 4%
(Rigger) (3) (7% (3) (4%)
(Rigging) (0) (0) (0) (0)
Totals: 3 73

7\.‘_ =

1/ 15 (50%) of these events occurred when the crane or hoist was left in the

"raise" mode or inadvertently raised to limit.
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A review of the'Navy data for identification of principal causes of load drops
or potential load drops was performed and is summarized in Table 4-2. This
summary shows that:

£1) Operator errors are by far the greatest contributors to load drop events;
more thorough operator training and operating procedures would reduce the
frequency of operator error. ,

(2) Of all the events directly caused by operator error, 15 of the 30, or 50%
were the result of inattention by leaving the hoist or crane in the
"raise" mode or inadvertently raising the lower load block up to or near
the upper load block ("two-blocking" or nearly "two-blocking"). Application
of single-failure-proof features as well as improved operator training
and procedures would greatly reduce the frequency of these events.

.(3) The next greatest contributor was due to random material failures.

" Closer adherences to the prescribed inspection frequency and more thorcugh
- inspections as well as application of single-failure-proof features would
greatly reduce the frequency of random material failures.

In terms of applicability te nuclear facilities, there are four areas that can
be compared: operator craining anu qualification, procec:rzl controls, complexity
~of equipment operation, and design of equipment. Navy c.z.e operators receive
"some initial training and are provided manuals on proper crane operation. .It
‘does not appear that the training required or the procedures used by the Navy
are as detailed as what is called for by the guidelines contained in Section 5.1
of this report. Many of the cranes in use by the Navy are similar in method

of operation and design as cranes used at nuclear power plants, i.e., overhead
gantry or rectilinear cranes. However, the Navy also uses a large number of
boom type cranes. Boom type cranes are more susceptible to failure due to
operator action in moving the boom, or positioning the boom properly without
overextending it. It is therefore expected that actucl failure rates of

cranes in nuclear facilities would be lower than the estimates arrived at

above using data from the havy, once the guidelines of Sect1on 5 1 are
implemented.

4.3 Licensee Event Reports (LERs)

During this period a total of 34 crane incidents were reported. Two of these
incidents occurred during the plant construction period and the remainder
occurred during normal plant operating periods, including refueling periouds.

The incidents can be broken down as shown in Table 4-3.

These events involved a partial drop of the reactor vescel head without impacting
any object (15 inches); a 3 inch drop of the reactor vessel head on tihc vessel
flange; drop of a core barrel and internals (6 Teet); damage to fuel during
refueling; damage to nearby equipment by crane hook; droppirg of a polar crane
hook; crane overload; damage to new fuel storage racks; and damage to a control
room roof deck.

It should be noted that no personnel injuries were reported in connection with
or as a result of these incidents. It should also be noted that no release of
radicactivity occurred as a result of any of the incidents, including those
involving damage to fuel elements. . In one case two fuel rods were bent without
breach of the cladding; other cases involved damage to fuel element couplings.
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TABLE 4-3

SURVEY OF CRANE

LER EVENTS

(July 1965 - July 1979)

Cause Category

No. of Events _ Percentage

. Failure during plant construction

phase 2 6
. Failure due to désign or fabrication

errors _ : 9 26
. Failure due to lack of adequate : :

inspection 2 6
. Failure due to operator error or

lack of training & 24
. Failure due to random mechanical

component failures ' 5 15
. Failure due to random failures of _ :

control system components 3 9
. Events due to lack of operating

procedures 4 12
. Events due to crane over]bading

(including load hangup) 1 3

Total 34
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Load drops that resulted in damage to concrete structures occurred only in twe
Category A incidents. Another heavy load drop occurred when an upper hoist
travel 1imit switch failed on a polar crane resulting in the wire rope rubbing
against a beam and "two-blocking" with subsequent wire rope failure and dropping
of the empty load biock and hook to the fioor (part of Category F). A test

load drop occurred zs a result of improper hook selection; no damage incurred.

The greatest number of incidents were Category B events which included malfunc-
tioning of componenis due to improper selection or installation and improper
fabrication procedures such as questionable welding of structural members.

Operator errors, Caiegory D, also occurred quite frequently. Improved training
may reduce this freguency; however, influence of the human element in this

case may continue tc be high because operators for these cranes only operate
this equipment occasionally and, therefore, may not obtain the intimate
familiarity with the crane operation that in most of the cases could have
prevented the incident from happening.

The likelihood of the incidents in Categories B, C, E, F and H (19 of 34 .
incidents) may have been reduced if the crane had teen designed, constyructed
and tested in accoréance with the provisions of NUREG-0554. Many operator:
errors, including overloading (12 of 34 incidents) may be reduced by directing
more attention to administrative controls and operator training.

The Category F (cverloading) incident did not result in any adverse condition;
an overload sensing device stcpped the hoisting motion before the ultimate
strength of the wire rope had been exceeded.



5. GUIDELINES FOR CONTROL OF HEAVY LOADS

Dur evaluation of the information provided by licensees indicates that existing
measures at operating plants to control the handling of heavy loads cover
certain of the potential problem areas, but do not adequately cover the major
causes of load handling accidents. These major causes include operator errors,
-rigging failures, lack of adequate inspection and inadequate procedures. The
measures in effect vary from plant to plant, with some having detailed procedures
while others do not, some have performed analyses of certain postulated load
drops, certain plants have single-failure-proof cranes, some PWR's have rapid
containeent isolation on high radiation, and many plants have technical specifi-
cations that prohibit handling of heavy loads or a spent fuel cask over the
spent fuel pool. To provide adequate measures that minimize the occurrence of
the principal causes of load handling accidents and to provide an adequate

level of defense-in-depth for handling of heavy loads near spent fuel and safe
shutdown systems, the measures in effact should be upgraded.

5.1 Recommended Guidelines

The following sections describe various alternative approaches which provide
acceptable measures for the control of heavy loads. The objectives of these
guidelines are to assure that either (1) the potential for a load drop is

~extremely small, or (2) for each area addressed, the following evaluation
criteria are satisfied:

I. Releases of radioactive material that may result from damage to spent
: fuel based on calculations involving accidental dropping of a postulated
heavy load produce doses that are well within 10 CFR Part 100 1limits of
300 rem thyroid, 25 rem.whole body (analyses should show that do.es are
equal to or less than 1/4 of Part 100 limits);

II. Damage to fuel and fuel storage racks based on calculations involving

it accidental dropping of a postulated heavy load does not result in a

configuration of the fuel such that keff is larger than 0.95;

I111. Damage to the reactor vessel or the spent fuel pool based on calculations
of damage following accidental dropping of a postulated heavy load is

e limited so as not to result in water leakage that could uncover the fuel,
(makeup water provided to overcome leakage should be from & borated
source of adeguate concentration if the water being lost is borated); and

v. Damage to equipment in redundant or dual safe shutdown paths, based on
. calculations assuming the accidental dropping of a postulated heavy load,

will be limited so ‘as not to result in loss of required safe shutdown
functions.

After reviewing the historical data available on crane operations, identifying
the principal causes of load drops, and considering the type and frequency of
load handling operations at nuclear power piants, the NRC staff has developed
an overall philosophy that provides a defense-in-depth approach for controlling
the handling of heavy loads. This philosophy encompasses an intent to prevent
as well as mitigate the consequences of postulated accidenta® load drops. The
following summarizes this defense-in-depth approach:

e
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(1) Provide sufficient operator training, handling system design, load handling -
instructions, and equipment 1nspect1cn tp assure reliable operation of
the handling system: and

(2) Define safe load travel paths throdgh procedures and operatov training so
that to the extent practical heavy loads avoid being carried over or near
irradiated fuel or safe shutdown equipment; and

(3) Provide mechanical stops or electrical interlocks to prevent movement of
heavy loads over irradiated fuel or in prox1m1ty to equipment assoc1atea
with redundant shutdown paths.

Certain alternative measures may be taken to compensate for deficiencies in

(2) and (3) above, such as the inability to prevent a particular heavy load
from being brought over spent fuel (e.g., reactor vessel head). These alterna-
tive measures can include: dincreasing crane reliability by providing dual

Tozd paths for certain conponents, increased safety factors, and increased
inspection as discussed in Section 5.1.6 of this report; restricting crane
“.operations in the spent fuel pocl area (PWRs) until fuel has decayed so that
off-site releases would be sufficiently low if fuel were damaged; or analyzing
"the effects of postulated load drops to show that consequences are within
acceptab]e limits. Even if one of these alternative measures is selected, (1)

and (2) above should still be satisfied to provide maximum practical defense-
in- depth

The fo]]owing sections provide guidelines on how the above defense-in-depth
approach may be satisfied for various plant areas. Fault trees and associated
probabilities were developed and used as described in Bases for Guidelines,
Section 5.2 of this report, to evaluate the adequacy of these guidelines and

- to assure a consistent level of protection for the various areas.

5.1.1 <6Enera1

" A1l plants have overhead handling systecs that are used to handle heavy loads
in the area of the reactor vessel or spent fuel in the spent fuel pool.
Additionally, loads may be handled in cther areas where their accidental drop
may damage safe shutdown systems. Accerdingly, all plants should satisfy each
of the following for handling heavy loads that could be brought in proximitv
to or over safe shutdown equipment or irradiated fuel in the spent fuel pool
area and in containment (PWRs), ir the reactor building (BWRs), and in other
plant areas.

(1) Safe load paths should be defined for the moverent of heavy loads to
minimize the potential for heavy ieads, if dropped, to impact irradiated
fuel in the reactor vessel and in the spent fuel pool, or to impact safe
shutdown equipment. The p::th should follow, to the.extent practical,
structural floor members, teams, etc., such that if the load is dropped,
the structure is more likely to withstand the impact. These load paths
should be defined in procedures, shown on equipment layout drawings, and
clearly marked on the floor in the area where the load is to be handled.
Deviations from defined loacd path: should require written alternative
procedures approved by the p]ag&~safety revies committee.

7
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(2) Procedures should be developed to cover load hand]ing operations for
heavy loads that are or could be handled over or in proximity to irradiated
fuel or safeishutdown equipment. At 3 ninimum, procedures should cover
handllng of those loads listed in Table 3-1 of this report. These

_procedures should include: identification of required equipment;

inspections and acceptance criteria required before movement of load; the
steps and proper sequence to be followed in handling the load; def1n1ng
the safe load path; and other speciel precautions.

- (3) Crane operators should be trained, qualified and conduct themselves in

accordance with Chapter 2-3 of ANSI B30.2-1976, "Overhead and Gantry
Cranes.'

<:‘ . (4) Epec1a1 1ifting devices should satisfy the guidelines of ANSI N14.6-1978,
wt:._////“Standard for Special Lifting Devices for Shipping Containers Weighing
- 10,000 pounds (4500 kg) or More for Nuclear Materials." This standard
should apply to all special lifting devices which carry heavy loads in
areas as devined abuve. For operating plants certain inspections and
load tests may be accepted in lieu of certain material requirements in
the standard. 1In addition, the stress design factor stated in
Section 3.2.1.1 of ANSI K14.6 should be based on the combined maximum
. static and dynamic loads that could be imparted on the handling device
-based on characteristics of the crane which will be used.* This is in
lieu cf the guideline in Section 3.2.1.1 of ANSI N14.6 which bases the
stress design factor on only the weight (static load) of the load and of
the irtervening components of the special handling device.

. (5) Lifting devices that are not specially designed should be instailed and
-~ - used in accordance with the guidelines of ANSI B20.9-1971, "Siings."
However, in selecting the proper sling, the load used should be the cum
of the static and maximum dynamic load.* The rating identified on the
sling should be in terms of the "static load" which produces the maximum
static and dynamic load. Where this restricts slings to use on only
. certain cranes, the siings should be clearly marked as to the cranes with
which they may be used.

(6) The crane should be inspected, tested, and maintained in accordance with
Chapter -2 of ANSI B30.2- 1976 “Overhead and Gantry Cranes,' with the
exception that tests and 1nspections should be performed prior to use
where it is not practical to meet the frequencies of ANSI B30.2 for
periodic inspection and test, or where frequency of crane use is less
than the specified inspection and test frequency (e.g., the polar crane
inside a PWR containment may only be used every 12 to 18 months during
refueling operations, and is generally not accessible during power
operation. ANSI B30.2, however, calls for certain inspections to be
performed daily or monthly. For such c¢cranes having limited usage, the

1nspect10ns tests, and maintenance shculd be performed prior to their
use.) .- ' : =7

* b
For the purpose of selecting the proper sling, loads imposed by the SSE need
" not be igcluded in the dvnamic loads imposed on the sling or lifting de\ice.

i
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(7) The crane should be designed to meet the applicable criteria and guide-
lines of Chapter 2-1 of ANSI B30.2-1976, "Overhead and Gantry Cranes" and
of CMAA-70, “Specifications for E1ectr1c Overhead Travelling Cranes." An
alternative to a specification in ANSI B30.2 or CMAA-70 may be accepted

in lieu of specific comp11ance if the intent of the specification fis
sat1sf1ed

5.1.2 Spent Fuel Pool Area - PWR

Many PWR's require that the spent fuel shipping cask be placed in the spent.
fuel pool for loading. Additionally, other heavy loads may be carried over or
near the spent fuel pool using the overhead crane, including plant. equipment,
rad-waste shipping casks, the damaged fuel container and replacement fuel
storage racks. Additionally, certain crane failures could cause the crane
lower load block to be dropped, and therefore this should also be considered
as. a heavy load. The fuel handling crane is used for moving fuel and is
generally not used for handling of heavy loads. To provide assurance that the
evaluation criteria of Section 5.1 are met for load handling operations in the
~ spent fuel pool area, in addition to satisfying the general guidelines of
Section 5.1.1, one of the following should be satisfied:

{1) The overhead crane and associated lifting devices used for handling heavy
loads in the spent fuel pool area should satisfy the single-failure-proof
guidelines of Section 5.31.6 of this report.

' OR

(2) Each of the following is provided:

(a) Mechanwcal stops or electrical interlocks should be provided that
prevent movement of the overhead crane load block over or within
15 feet horizontal (4.5 meters) of the spent fuel pool. These
mechanical stops or electrical interlocks should not be bypassed
when the pool contains "hot" spent fuel, and should not be bypassed
without approval from the shift supervisor (or other designated
plant management personnel). The mechanical stops and electrical
interlocks should be verified to be in place and operational prior
to placing "hot" spent fuel in the pool.

(b) The mechanical stops or electrical interlocks of 5.1.2(2)(a) above
should also not be bypassed unless an analysis has demonstrated that
damage due to postulated load drops would not result in criticality
or cause leakage that could uncover the fuel.

(c) To preclude rolling if dropped, the cask should not be carried at a
height higher than necessary and in no case more than six (6) inches
(15 cm) above the operating floor level of the refueling building or
other components and structures along the path of travel.

(d) Mechanical stops or electrical interlocks should be provided to
preclude crane travel from areas where a postulated ioad drop could
damnage eguipment frum redundant or alternate safe shutdown paths.

(e) Analyses shou]d conform to the guidelines of Appendix A.

OR
(3) Each of the following are provided (Notée: This alterpative is simlar to

(a) above, except it allows movement of a heavy load, such as a cask,

into the pool while it contains "hot" spent fuel if the pool is large

enough to maintain wide separation between the load and the "hot" spent
fuel.):
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(a) . "Hot" spent fuel should be concentrated in one location in the spent
: fuel pool that is separated as much as possible from load paths.

(b) Mechanical stops or electrical interlocks should be provided to
prevent movement of the overhead crane load block over or within
25 feet horizontal (7.5 m) of the "hot" spent fuel. To the extent
practical, loads should be moved over load paths that avoid the
spent fuel pooi and kept at least 25 feet (7.5 m) from the “hot"
spent fuel unless necessary. When it is necessary to bring loads
within 25 feet of the restricted region, these mechanical stops or
electrical interlocks should not be bypassed unless the spent fuel
has decayed sufficiently as shown in Table 2.1-1 and 2.1-2, or

~unless the total inventory of gap activity for fuel within the
protected area would result in offsite doses less than % of 10 CFR
Part 100 if released, and such bypassing should require the approval
from the shift supervisor (or other designated plant management
individual). The mechanical stops or electrical interlocks should
be verified to be in place and operational prior to placing "hot"
spent fuel in the pool. _ ,

(c) Mechanical stops or electrical interlocks should be provided to
restrict crane travel from areas where a postulated load drop could
damage equipment from redundant or alternate safe shutdown paths.
Analyses have demonstrated that a postulated load drop in any
location not restricted by electrical interlocks or mechanical stops
would not cause damage that could result in criticality, cause
leakage that could uncover the fuel, or cause loss of safe shutdown
equipment.

(d) To-preclude rolling, if dropped, the cask should not be carried at a
height higher than necessary and in no case more than six (6) inches
(15 cm) above the operating floor level of the refueling building or
other components and structures along the path of travel.

(e} Analyses should conforir to the guidelines of Appendix A.

OR :

(4) The effects of drops of heavy loads should be analyzed and shown to

satisfy the evaluation criteria of Section 5.1 of this report. These
anzlyses should conform to the guidelines of Appendix A. '

5.1.3 Containment Building - PWR

PWR containment buildings contain a polar crane that is used for removing and
reinstalling shield plugs, the reactor vessel head, upper vessel internals,
and on occasion, other heavy eguipment such as the reactor coolant pump, the
reactor vessel inspection platform, and the cask used for damaged fuel.
Additionally the crane load block may be moved over fuel in the reactor when
handling smaller loads or no load at all. ODue to the weight of the load block
alone, this should also be considered as a heavy load. To provide assurance
that the criteria of Section 5.1 are met for load handling operations in the
containment building, in addition to satisfying the general guidelines of
Section 5.1.1, one of the following should be satisfied:

(1) The crane and associated Yifting devices used for handling heavy loads in
‘ the containment building should satisfy the single-failure-proof guidelines
of Section 5.1.6 of this report.
’ OR
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(2) Rapid containment isolation is provided with pronpt automatic actuation
on high radiation so that postulated releases are within limits of evalu..ion
Criterion I of Section 5.1 taking into account delay times in detection
and actuation; and analyses have been performed to show that evaluation
criteria II, III, and IV of Section 5.1 are satisfied for postulated load
drops in this area. Thesé analyses should conform to the guidelines of
Appendix A.

S OR : :

(3) The effects of drops of heavy loads should be analyzed and shown to
satisfy the evaluation criteria of Section 5.1. Loads apalyzed should
include the following: reactor vessel head; upper vessel internals;
vessel inspection platform; cask for damaged fuel; irradiated sample
cask; reactor coolant pump; crane load block; and any other heavy loads
brought over or near the reactor vessel or other equipment required for
continued decay heat removal and maintaining shutdown. In this analysis,
credit may be taken for containment isolation if such is provided; however
analyses should establish adequate detection and isolation time. Addi-
tionally, the analysis should conforz to the guidelines of Appendix A.

5.1.4 Reactor Building - BWR

The reactor building in BWRs typicé\ly contains the reactor vessel and spent
fuel pool, as weli as various safety-related equipment.

The reactor building overhead crane may be used in many day-to-day operations
such as moving various shielded shipping casks or handling plant equipment
related tc maintenance or modification activities. The crane is aiso used
during refueling operations for removal and reinstailation of shield plugs,
drywell head, reactor vessel head, steam dryers and .separators, and refueling
canal plugs and gates. The crane would also be used subsequent to refueling
for handling of the spent fuel shipping cask. This cask may be lifted as high
as 100 feet (30 m) above the grade elevation at which the cask is brought into
the reactor building. Additionally the overhead crane's Tocad block may be
moved over fuel in the reactor or over the spent fuel pcol when handling
~smaller lcads or no load at all. Due to the weight of the load block alone,
this should also be considered as a heavy load.

To assure that the evaluation criteria of Section 5.1 are saticfied one of the
following should be met in addition to satisfying the general guidelines of
Section 5.1.1:

-<:(/z;;? The reactor buildirg crane, and associated lifting devices used for
handling the above heavy loads, should satisfy thz single-failure-proof
guidelines of Section 5.1.6 of this report.

OR »
(2) The effects of heavy load drops in the reactor building should be analyzed

to show that the evaluation criteria of Section 5.1 are satisfied. The
" loads analyzed should include: shield plugs, drywell head, reactor

vessel head; steam dryers and separators; refueling canal plugs and

gates; shielded spent fuel shipping casks; vessel inspection platform;

and any other heavy lcads that may be brought over or near safe shutdown
equipment as well as fuel in the reactor vessel or the spent fuel pool.
Credit may be taken in this analysis for operation of the Standby Gas

\
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Treatment System if facility technical specifications require its operation
during periods when the load being analyzed would be handled. The analysis
should also conform to the guidelines of Appendix A.

5.1.5 Other Areas

-In other plant areas, loads may be handled which, if dropped in a certain
location, may damage safe shutdown equipment. Although this is not a concern
- at all plants, loads that may damage safe shutdown equipment at some plants
include the spent fuel shipping cask, turbine generator tarts in the turbine
building, and plant equipment such as pumps, motors, valves, heat exchangers,
and switchgear. Some of these loads may be less than the weight of a fuel

assembly with its handling tool, but may be sufficient to damage safe shutdown
equipment.

(1) 1If safe shutdown equipment are beneath or directly adjacent to 2 pctential
: travel load path of overhead handling systems, (i.e., a path not restricted
by limits of crane travel or by mechanical stops or electrical interlocks)
_one-of the following should be satisfied in addition to satisfying the
general guidelines of Section 5.1.1:

(a) The crane and associated 1ifting devices should coaform to the

single-failure-proof guidelines of Section 5.1.6 of this report;
OR '

(b) If the load drop could impair the operation of equipment or cabling
associated with redundant or dual safe shutdown paths, mechanical
stops or electrical interlocks should be provided to preveat movement
of loads in proximity to these redundant or dual scfe  shutdown
equipment (In this case credit should not be taken for irtervening
floors unless justified by analysis).

_ OR

(c) The effects of load dropgﬁhave been analyzed and the results indicate
that damage to safe shutdown equipment would not preclude operation
of ~ufficient equipment to achieve safe shutdown. Analyses should
conform to the guidelines of Appendix A, as applicable.

{2) Where the safe shutdown equipment has a ceiling separating it from an
overhead handling system, an alternative to Section 5.1.5(1) above would
be to show by analysis that the largest postulated load handled by the
handling system would not penetrate the ceiling or cause spalling that
could cause failure of the safe shutdown equiprent.

5.1.6 Single-Failure-Proof Handling Systems

For certain areas, to meet the guidelines of Sections 5.1.2, 5.1.3, 5.1.4, or
5.1.5, the alternative of upgrading the crane and 1ifting devices may be
chosen. The purpose of the upgrading is co improve the reiiability of the
-handling- system through increased factors of safety and through redundancy or
duality in certain active components. NUREG-0554, "Single-Failure-Proof
Cranes for Nuclear Power Plants," provides guidance for design, fabrication,
installation, and testing of new cranes that are of a high reliability design.
For operating plants, Appendix C to this report, "Modification of Existing
Cranes," provides guidelines on 1mp1ementat1on of NUREG-0554 for operating
plants and plants under construction.



- Section 5.1.1 of this report provides certain guidance on slings and special
handling devices. Where the alternative is chosen of upgrading the handling
system to be “single-failure-proof", then steps beyond the general guideline$

of Section 5.1.1 should be taken.

3

Therefobe, the following additional guidelines. should be met where the alterna-
tive of upgrading handling system reliability is chosen:

)

(2)

(3)

Lifting Devices:

(a) Special lifting devices that are used for heavy loads in the area
where the crane is to be upgraded should meet ANSI N14.6 1978,
“¢tandard For Special Lifting Devices tor Shipping Containers Weighing
10,000 Pounds (4500 kg) or More For Nuclear Materials," as specified
in Section 5.1.1(4) of this report except that the handling device
should also comply with Section 6 of ANSI N14.5-1878. It only a

single lifting device is provided instead of dual devices, the

~ special lifting device should have twice the design safety factor as
required to satisfy the guidelines of Section 5.1.1(4). However,
loads that have been evaluated and shown to satisfy the evaluation
criteria of Section 5.1 need not have lifting devices that also
comply with Section 6 of ANSI N14.6. ’

(b) Lifting devices that are not specially designed and that are used
for handling heavy loads in the area where the crane is to be upgraded

should meet ANSI B30.9 - 1971, "Slings" as specified in Section 5.1.1(5)

of this report, except that one -of the following should also be
satisfied unless the effects of a drop of the particular load have
been analyzed and shown to satisfy the evaluation criteria of
Section 5.1:

(i) Provide dual or redundant slings or 1ifting devices such that a
single component failure or malfunction in the sling will not
result in uncontrolied lowering of the load;

oR o ‘

(ii) In selecting the proper sling, the ‘load used shouid be twice

what is called for in meeting Section 5.1.1(5) of this report.

New cranes should be designed to meet NUREG-0554, "Singlie-Failure-Proof
Cranes For Nuclear Power Plants." For operating plants or plants under

construction, the crane should be upgraded in accordance with the imple-
mentation guidelines of Appendix C of this report.

Interfacing 1ift points such as 1ifting lugs or cask trunions should also
meet one of the following for heavy loads handled in the area where the '
crane ic to be upgraded unless the effects of a drop of the particular
load have been evaluated and shown to satisfy the evaluation criteria of
Section 5.1:

(a) Provide redundancy or duality such.that a single 1ifi point failure
will not result in uncontrolled lowering of the load; 1ift points
- should have a d¢sign safety factor.with respect to ultimate strength
of five (5) times the maximum combined concurrent static and dynamic
load after taking the single 1ift point failure.
OR ~
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(b) A non-redundant or mon-dual 1ift point system should have a design H

safety factor of ten (10) times the maximum combined concurrent
static and dynamic load. v

5.2 Bases for Guidelines

The review of crane historical data in Section 4 of this report indicates the
principal causes of load drop or equiprent damage accidents involving cranes.
The guidelines in the preceding section are intended to give appropriate
attention to these causes so that the potential for accidental load drops that
impact irradiated fuel or safe shutdown equipment is reduced. These guidelines
are further aimed at assuring that the objectives of Section 5.1 are met.

As noted in Section 5.1, these guidelines were developed to provide a defense-
in-depth approach to controlling the handling of heavy loads near spent fuel
and safe shutdown equipment. Section 5.1.1 provides general guidelines for
safe load handling that will reduce the potential for load drops, even though

. a single-failure-proof crane is provided or evaluations show that the conse-
quences of postulated load drops are within established limits. This is
consistent with the defense-in-depth philosophy used for other safety concerns.

General Guidelines

The review of crane historical data indicated the need to give special attention
to operator training, guidance on rigging and 1ifting devices, crane inspection
and well defined procedures, which were principal causes of load drop or

handling accidents. Additionally, AKS] B30.2 “Overhead and Gantry Cranes,"

ANSI B30.9, "Slings," and ANSI B30.10, "Hooks" note the following: "The use

of cranes, derricks, hoists, jacks and slings 1s subject to certain hazards

that cannot be met by mechanical means, but only by the exercise of intelligence,
care and coamon sense. It ijs therefore essential to have competent and careful
operators, physically and mentally fit, thoroughly trained Lo the safe operation
of the equipment and the handling of the loads. Serious hazards are overloading,
. dropping - or slipping of the lcad caused by improper -nitching or slinging, '
obstruction to the free passage of the load, or using equipment for a purpose

for which it was not intended or designed." Section 5.1.1 guidelines address
each of these areas. Safe load paths should be defined that keep heavy loads,

to the extent practical, away from irradiated fuel and safe shutdown equipment.
Procedures should be developed to assure that required actions and precautions
related to load handling are well understood by the operator; this will tend

to reduce the occurrence of operator errgrs. Crane operator training is

required to assure operator familiarity with equipment and procedures to

further reduce the occurrence of crane operator errors. Guidelines on lifting
devices and slings assure adequate safetv margins on these ccmponents, and

“their proper installation and use. Inspection, testing, and maintenance of

the crane is called for to assure that load bearing comporients are in proper
working order, that worn or damaged components are identified and replaced, o
and that design safety margins are maintained. ~The reduced inspection frequency =
from the ANSI B3D.2-1976 guidelines is acceptable for cranes not used frequently,
because the B30.2 guidelines are based on expected wear when cranes are in

more frequent use. Conformance to the design quidelines of ANSI B30.2 and
CMAA-70 is recommended so that cranes whose failure could cause a drop of a
heavy load en safe shutdown equipment, fuel in the core, or fuel in the spent
fuel pool mset the minimum industrial specifications.
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Area Specific Guidelines

"~ Sections 5'1 2, 5.1.3, and 5.1.4 provide various alternatives for specific
-areas that should be met in additien to conformance with the general guide-
"Tines of Section 5.1.1. These alternatives assure that either the potential

for a load drop is further reduced (e.g., single-failure-proof crane and
lifting devices) or that the potential consequences of postulated load drops
are within acceptable limits. Certain criteria contained in these alternatives
were based on staff generic evaluations, such as the potential for criticality
(Section 2.2), or safe decay times for spent fuel (Section 2.1). However, for
certain postulated load drops, generic evaluations could not be performed

since these would tend to be plant specific, such as vessel head drop or cask
drop analyses. Thus, an alternative may require analyses of these postulated
load drops on a plant specific basis if that alternative is selected.

As noted above, certain alternatives in Sections 5.].2,‘5.1.3 and 5.1.4 require

-specific minimum decay times for spent fuel. The task group's evaluation of

offsite release potential due to load d-op accidents shows that adequate decay
times for spent fuel (i.e., 42 days for PWRs and 44 days for BWRs that exhaust
through charcoal filters, and 74 1ays for PWRs that do not exhaust through
charcoal filters) will assure that offsite releases, due to dropping of
postulated heavy loads on fuel that has been subcr1t\cal for the required
decay time, will not cause doses that approach 10 CFR Part 100 limits. Limits
used by the task group were 1/4 of Part 100 1imits, or 75 rem thyroid and

6.25 rem whole body, for postulated load drop accidents. This assures that
dose limits are kept reasonably lew for such postulated events that may occur
more frequently than the most severe de51gn basis events.

Additionally, certain alternatives call for a neutronics analysis to determine
the.potential for a postulated load drop to cause criticality. In Section 2.2
it was shown that in a numder of cases a significant potential for criticality
under load drop conditions exists, and for those cases a neutronics analysis
is necessary. A summary of the likelihood for criticality under various lcad
drop conditions is given in Section 2.2.6.

Certain aiternatives ' call for electrical interlocks to keep loads away from
the spent fuel pooi or away from “hot" spent fuel. Such interlocks are in

addition to the definition of safe load paths. These interlocks need not be

single-failure-proof, as a failure of these would have to be accompanied by

" operator error in failina to follow the prescribed load path and a concurrent

failure of the handling system when over the spent fuel and when the pool
contains “hot" spent fuel. The adequacy of this alternative is evaluated by
the fault-trvee evaluation in this secticn.

The 13-foot (4.5 m) separatibn ligit on the mechanical stops or electrical

“interlocks called for in guideline 5.1.2(2){(a) is based on the maximum

dimensions of a cask to assure that in a cask tip, the cask center of gravity
will not 'go.beyond the edge of the spent fuel pool. The 25 foot (7.5 m)
separation limit on the mechanical stops or electrical interlocks called for
in guideline 5.1.2(3)(b) is based on the area containing spent fuel that could
be impacted if a cask carried over the pocl were to tip when dropped.

A
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Fault Trees

To further evaluate the adequacy of the guidelines of Section 5.1 and to

- assure a genera: equivalency between alternatives, fault trees were developed

and probabilities for various faults derived or estimated. These trees represent
the situation after the guidelines are met.

Some alternatives rely on analyses to demonstrate that postulated events would
not cause unacceptable consequences, and thus do not lend themselves readily

to analysis by fault tree. However, other alternatives in the guidelines rely
to a significant degree on probabilities and thus lend themselves to evaluation
" using fault tree techniques. These may be generalized as three situations:

(1) Loads handied near spent fuel or “hot" fuel, primarily in the spent fuel
pool, where reliance is placed on safe load path procedures, electrical
interiocks, maintaining adequate boron concentration, and handling system
reliability. This is depicted by Figure 5.2-1.

(2) Loads handled over tiie spent fuel pool where reliance is placed on
electrical interlocks, procedures to segregate "hot" spent fuel, handling
system reliability, safe load path procedures, and maintaining adequate
boron concentration: This is depicted by Figure 5.2-2.

"~ (3) Loads handled by a single-failure-proof crane and 1ifting devices where

a reliance is placed on increased handling system reliability through
increased safety factors and dual or redundant components, and on safe
load paths for loads that are not required to be brought over spent fuel.

The single-failure-proof crane may be required to handle loads over fuel

(reactor vessel head, vessel internals, etc), but would more fregquently

be used carrying 1oads near fuel in the reactor or the spent fuel pool.

This is depzcted by the fault tree in Figure 5.2-3, sheets 1 and 2.

Probab1]1t1es were derived or estimated for the various faults in Figures 5.2-1,
5.2-2 and 5.2-3 as described in Appendix B to this repor:. Table 5.2-1 sumﬁar1zes
the results of the evaluation of these fault trees using the probab111t1es of
Appendix 8. This evaluation shows that:

(1) The 1ikelihsod for unacceptable consequences in terms of excessive releases
of gap activity or potential for criticality due to accidental dropping
of postulated heavy loads after implementation of the guidelines of
Section 5.1 is very low; and
(2) The potential for unacceptable consequences is comparable for any of the
- alternatives evaluated by fault trees, indicating the relative equivalency
between alternatives.

These fault trees and the probability estimates received a brief review by the

Probabilistic Analysis Staff of RES (NRC) Their comments were incorporated
‘into this report.

-
gl
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Evaluation Criterion | ot Secuion 5.1
Evaluation Criteria of Section 5.1

Given That Events 1.2.1, 1.2.2, and 7.2.3 Occur
Given That Event 1.2.1 Occurs

Given That Events 1.1.2.1 and 1.12.2 Occwr

Given That Events 1.1.1.1,1.1.2.1,1.1.2.2,and 1.1.2.3 Occur
Given That Event 1.1.2.1 Occurs ‘
Given That Event 1.1.1 Occurs

Consequentes
Exceed
Guidelines?
1.
| 1
Oftsite Releases Criticality
E xcead In Spent
Guide’ines_’ Fuel
1.1
' Pool Contains - Load Drop On Pool Contains Failure te Load Drop Load Falls In
- “Hot” Spent “Hot” Spent Highly Enriched Maintain On 'Ot Load" - Orientation to
Fuel Fuel Fue! Adeq. Boron Core Cause Criticatity3
Concern
111 1.1.2 121 122 123 1.24
1

Failure to Failure of Handling Drop Ocaurs

F°"‘_“’ Electrica! System Over “Hot”

Prescribed Interlock Failure® Spent Fue®:.

f.oad Path :
1.1.2.2 1.1.2.3 1.124

FIGURE 5.2-1 FAULT TREE FOR LOADS HANDLED NEAR SPENT FUEL POOL
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Consequences
Exceed
Guidetines

Offsite Releases

Exceed
Guidelines
21
i 1
Load Drop Poo! Containe
"~ On “Hot" ot Spent
Spen: Fuel Fuei

2141 212
Handting Load Carried '

Svstem Over “"Hot”
Failure Spent Fuel |
2111 2.1.32

Criticatty
{n Spem
Fue:

2.2

|

l Load Over “Ho*’
Saent Fuel-""Ho:~
Fi2l Not Secregatd

|

1

l

1

Failure tc
Follow Prescrived
Load Path

Failure 10

Segragate “‘Hot”
Soent Fue!

Follow Prescribed

—

Failurs to

Load Fath

Failure of
Electrizal
Interiock

-1

-2

-1

-2

Pool "ontains Handlin; Failure to
Highly Enviched System: Maintain
Fuel Failuze Adequate Boron
- Cancentration
2.2 223 555
Load Brought Load Falls In
Over *“O#-Load” Orientation
Coe to Cause
Criticality
222 224
{oad Over "Hot"”
Spent Fuel-‘Hot'’
L Fuel Segrezated
21122

FIGURE 52-2 FAULT TREE FOR LOADS HANDLED OVER SPENT FUEL POCL
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Conseguences
Exceed
Guidelines
3
Ottsite Criticatity,
Releases Exceed in Spent
Guidelines Fuel
31 22
1 I 1
Releases Exceed Releases Exceed ~ Poo! Contains Load Falls in " Failure of
Guidelines Due Guidelines Due Highly Enriched Orientation to Handling
To Loads Handled To Loads Handled Fuel Cause Criticality System
QOver Spent Fuel Near Spent Fuel
31(A) T 3. 321 322 323
| | 4
Load Drop Causes Failure of Drop Occuns Eailure 16 Drop QOcours
Releases Beyond Handling Over Spem Folic w Prescribed Over “Hot""
Guidelines System Fuel L 2ad Path Spent Fuel
3.1.1{A) 3.1.2(A) 3.13(A) 3.1.4(8) 3.1.3(8)
’ Pool Zontains Failure of
“Hot” Spent Handling
Fuel System
T | 3.1L1A) 3.1.2(8)
Failure of Crane . ;
{(With Load to be F;l‘lurf: o.
Brought Over 199ing
Spent Fyel)
3122(A) L 1
Failure of Crane .
{With Load 1o be Failure of
, Handled Neas Rigging
N Spent Fuel)
— 3.1.2.2(8)
1 3.1.2.1(E}
Failure of Failure of
Orie Set of Re:‘ur\dam er . Sheet
Rigging ternate 2-(CF)
Rigging l
3.1.2.2.1(A) 3.1.2.22(A) 1
Failure of Failure of
One Set of Redundant or
Rigging Alternate Rigging
3.122.1(B) 3.1.2.2.2(Bj

-l-/For Some Loads Safe Load Paths are Deﬁned Tha: Keep Loacs Away From

Spent Fuel Even if a Single Failure Proof Crane is Provided. This is Depicted
by Branch 3.1{B). Certain Other Loads Must be Carried Over Spent Fuel; This
is Depicted by Branch 3.1(A) of This Fault Tree. .

FIGURE 5.2-3 FAULT TREE IF ASINGLE FAILURE PROOF HANDLING SYSTEMS 1S USED!
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F/“'F
Shent °

- m—

Failure of
Crane!

312.1{CF)

This Fautt Tree May be Used for Either Branch (A) or Branch (B), Where _
Branch (A} Covers Thos. Loads that Must be Handled Over Spent Fuel, =~ ~
Such as the Reactor Vessel Head, and Branch (B} Covers Loads tha: Would

Normally Oniy be Handled Near Spen: Fuel.

FIGUFE 5.2-

3 SHEET 2

/
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_ I ]
Faiture Due ' . Failure of
“Load Hangup” to Random "Two-Blocking" Component
Event- Component- Event That Doesn’t
3 Failure Have Backup
CF.1 CF2 CF3 CFA4
T _ x 1 I 2! 1
Failure ot Failure of Operzior Failure of Failure of
Single Backup Error Leading Lower Limit Upper Limit
Component Comporent to “Two-Blocking” Switch- l Switch
- I CF2.1 CF22 CF3.1 CF.32 CF.3.3
Failure of
. Handling
I System
" Operator Error Failure of 323
Leading to Overioad
*Load Hangup’* Device
CF.1.1 CF.12
. I |
Failure of Handling Failure of Handling
Systern {With Loxd System (With Load
to be Brought to be Handled
Qver Spert Fue® Near Spent Fuel)
32.31 3.232
{ A
Faiure of Handling "
System (With Load Failure 1o
 be Handled Foliow Prescribed
Near Spert Fuel) Load Path
-1 -2
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TABLE 5.2-1

. : SUMMARY OF
EVENT PROBABILITIES FOR,,
HANDLING OF HEAV® LOADS-

LOW=R UPPER
BOUXD MEDIAN BOUND -
1. lLoads Handled Near Spent Fuel or Reactor
(Figure 5.2-1):
P(Consequences Exceed Gujde]ines)g/ 2 x 1010 5, 1078 4 X‘]O-G
P(Offsite Releases Exceed Guidelines) 2x1w0 % 2x108 ax0®
- P(Criticality In Spent Fuel) " Negligible
2. Loads Hénd]ed Over Spent Fuel Pool
(Figure 5.2-2): '
P(Consequences Exceed Guide]ines)g/ 2x108 7x1077 3x07°
P(0ffsite Re'leases Exceed Guidelines) -2 X 10—8 7 x 10_7 3 x 10-5
P(Criticality in Spent Fuel) Negligible 3 x 10°°
3. Loads Handled With A Single Failure Proof
Crane (Figurg 5.2-3):
P(Consequences Exceed Guide]ines)g/ 3 x 1G-9 2 X 10-7 10-5
P(Offsite Releases Exceed Guidelines) 3 x ]@'9 2 x 10-7 10-5
P(Criticality in Spent Fuel) Negligible 10-6

2/

/These are given in terms of probability of event per reactor year.

Guidelines referred to here are the evaluation criteria of SectionAS.l.
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5.3 Safety Evaluation

As noted previously, our evaluation of the information provided by licensees
indicated that existing measures at operating plants to control the handling

of heavy loads did not adequately cover all areas or the major causes of load
handling accidents, and that these major causes inclu-e operator errors,

rigging failures, lack of adeguate inspection and inadequate procedures. The
measures in effect vary from plant to plant, with some having detailed procedures
while others do not, some have performed analyses of certain postulated load
drops, some plants have single-failure-proof cranes, some PWRs have rapid
containment isolation on high radiation, and many plants have technical
.specifications or other licensing restrictions that prohibit nandling of heavy
loads or a spent fuel cask over the spent fuel pool. To provide measures that
assure an adequate level of defense-in-depth for handling of heavy loads near
spent fuel and safe shutdown systems, the measures in effect should be upgraded
to satisfy the guidelines of Section 5.1.

. Our review of regulatory criteria and guidelines that are used in the licensing
of new plants indicates that many of the elements of the guidelines of Section 5.1
~of this report are already included in standard review plans and regulatory
guides. However, certain measures called for in the guidelines of Section 5.1
-are presently not included in these standard review plans and regulatory

guides but are appropriate for new plants, such as establishment of safe load
paths, training of crane operators, crane inspection and testing, and potential
for a load drop to cause criticality. These standard review plans and regulatory
guides could be upgraded to include those guidelines of Section 5.1 that are
approprlate for new plants.

As noted in Section 5.2, the guidelines of Section 5.1 provide a defense-in-depth
approach to assure the safe handling of heavy loads. In addition the fault

- - trees and probability estimates further demonstrate the adequacy of these

guidelines. In summary, we find that upon completion of modifications, required
analyses, and changes tc procedures to satisfy the guidelines of Sect1on 5.1,
adeguate measures will be established to:

(1) Reduce the potential for accidental dropping of heavy 1oads;

(2) Reduce the potential for a heavy load to impact on spent fuel or safe
shutdown equipment, should a drop occur; and

(3) Provide further protection by either employing a single-failure-proof
handling system, or implementing measures and performing analyses such
that the calculated potential effects of postulated load drops satisfy
the following:

(a) Releases of radioactive material that may result from damage to
spent fuel involving the dropping of a postulated heavy load produce
doses that are 1/4 of 10 CFR Part 100 limits, i.e., less than 75 rem
thyroid and 6.25 res whole body;

(b) damage to fuel in the core or spent fuel pool storage racks involving
the dropping of a postulated heavy load does not result in a configura-
tion of the fuel such that k approaches or is larger than 0.95;

(c) damage to the reactor vessel gr the spent fuel pool involving the
dropping of a postulated heavy load is limited so as not to result
in leakage: that could uncover the fuel; and
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_(d) - damage to equipment from redundant safe shutdown paths involving the
dropping of a postulated heavy load will be limited so as not to~
result in loss of required safe shutdown fuactions.

.-For those guidelines that rely on probabilities of events being small,
the fault trees discussed in Section 5.2 demonstrate that the probability
of unacceptable consequences is very low.

Interim Protection

At present -there is little handling of spent fuel shipping casks. Once offsite
waste repositories are established, the frequency of cask handling will increase -
significantly. To provide reasonable assurance that mo casks or other heavy
loads are handled over the spent fuel pool until final implementation of the
guidelines of Section 5.1, technical specifications stould be upgraded to
prohibit handling of heavy loads over the spent fuel pool. ‘As noted previously,
.many plants already have such a specification.

Definition of safe load paths, development of load haadling procedures, training
.of crane operators, and inspection of cranes are procedural or administrative
measures that can be accomplished in a relatively short time period and nead
not be delayed for completion of evaluations and modifications to satisfy the
guidelines of Section 5.1. Implementation of these measures will further

reduce the potential for accidental load drops to impact on fuel in.the core

or spent fuel pool. Additionally a special review of procedures, equipment,

and personnel for handling loads over the core provides greater assurance of
the safe handling of such loads.

We therefore find that to assure safe handling of heayy loads in the interim
period until measures at operating plants are upgradei to satisfy the guidelines
of Section 5.1, implementation of the following measures should be initiated:

(1) Licenses for all operating reactors not having a single-failure-proof
overhead crane in the fuel storage pool area should be revised to include
. a specification comparable to.Standard Technical Specification 3.9.7,
“Crane Travel - Spent Fual Storage Pool Building' for PWR's and Standard
Technical Specification 3.9.6.2, "Crane Travel," for BwWR's, to prohibit
handling of heavy loads over fuel in the storage pool until implementation
of measures which satisfy the guidelines of Section 5.1 (see Table 3.2-1).

(2) Safe load paths should be defined per the guidelines of Section 5.1.1(1);

-(3) Procedures should be developed and implemented per the gu1de11nes of
Section 5.1.1(2);

(4) Crane operators should be trained, qualified and conduct themselves per
the guidelines of Section 5.1.1(3); and

(5) Cranes should be inspected, tested, and maintained in accordance with the
guidelines of Section 5.1.1(6).

(6) In addition to the above, special attention should be given to orocedures,
equipment, and personnel for the handling of heawy loads over the core,
such as vessel internals or vessel inspection toels. This special review
should include the following for these loads: (1) review of procedures
foy installation of rigging or lifting devices ard movement of the load
to assure that sufficient detail is provided and that instructions are
clear and concise; (2) visual inspections of load bearing components of
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cranes, slings, and special lifting devices to identify flaws or deficiencies
~ that could lead to failure of the component; (3) appropriate repair and

replacement of defective components; and (4) verify that the crane operators

have been properly trainea and are familiar with specific proceuures used

"in handling these loads, e.g., hand signals, conduct of operations, and
- content of procedures.

Implementation of the above measures will provide reasonable assurance that
‘handling of heavy loads will be performed in a safe manner, until final imple-
mentation of the guidelines of Section 5.1. Additionally, operating experience
has shown that no heavy load drop accidents damaging irradiated fuel have
occurred in over 400 reactor years of operating experience. The above recom-
mended interim actions will further reduce the potential for accidental load
drops to damage irradiated fuel. On the basis of previous operating experience
and the additional interim measures, we find that continued power operation

and refueling operations until final implementation of the guidelines of
Section 5.1 does not present undue risk to the health and safety of the public.
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6. RESOLUTION OF THE ISSUE

The following is a summary of those recommended actions that should be taken
to resolve the concern over the handling of heavy loads near 1rrad1ated fuel,
or safety related equipment.

6.1 Implementation of Guidelines - Operating Plants

It is recommended that a program be initiated to assure that the guidelines of .
Section 5.1 of this report are implemented at operating facilities. This
program should include the following:

(1) Transmittal of a generic letter to licensees requesting details describing

how the guidelines of Section 5.1 will be met, including required modifica-
tions ond results of analyses;

(2) Availability of NRC staff personnel or outside technical assistance to

. evaluate information submitted by licensees in response to the above
generic letter. Such outside technical assistance would require expertise
in various areas, including crane design and operation, structural and
mechanical analyses, accident analysis (radiological doses), criticality
calculations, and plant refueling operations and administrative controls.
The assistance required on specific plants may vary, depending on the
alternatives selected; however, expert1se in each of the above areas will
be required for the program

As noted in Section 3 many operating plants already meet certain of the
- guidelines, such as single-failure-proof cranes at 15 plants, and thus
the impact of satisfying the guidelines will be reduced.

(3) A safety evaluation should be prepared on each faciiity providing the
basis for the conclusion that load handling will be carried out in a safe
manner at that facility.

6.2 Interim Actions

To provide adequate assurance that handling of heavy loads will be performed
safely in the interim period until final implementation of changes required to
satisfy the guidelines of Section 5.1, it is recommended that the interim
measures described in Section 5.3 be implemented.

6.3 Changes to SRPs and RGs

At n2w facilities certain of the problems that are present in older operating
facilities do not exist. For example, many operating plants require placement
of the shipping cask in the spent fuel pool for loading with spent fuel. Such
an operation makes fuel in the storage pool and storage pool integrity more
susceptible to damage due to an accidental load drop. However, new facilities
provide a separate cask loading pit that is well separated from the spent fuel
~ pool, and spent fuel assemblies are 1nd1v1dua11y transported through a canal
from the spent fue! pool for loading in ithe cask. Because many of the potential
load handling problems that exist at present operating facilities are not
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present in new facilities, certain of the guidelines in Section 5.1 are not
appropriate for new reactors. :

e
\

To incorporate the guidelines from Section 5.1 that are appropriate for new

reactors,

the fol]owtng changes to Standard Review Plans and Regu]atory Guides

should be made:

(1) SRP 9.1.2 - “Spent Fuel Storage" - Rev. 1

Recommended Change:

Add & statement in the acceptance criteria of this or some other SRP
that includes the following: The spent fuel pool ventilation system
should be designed to maintain at least a -1/8 inch (3 mm) water
gauge negalive pressure during fuel handling operations and should
automatically switch-to ventilation thru Engineered Safety Feature
(ESF) grade filters in the event of a high radiation signal. (Note

~ @ revision to SRP 9.1.3 is already in process that will include the

above criterion. With the revision to SRF 9.1.3, the above change
to SRP 9.1.2 is not requ1red )

(2) SRP 9.1.4 - "Fuel Handling System" - Rev. 1

(a)

(b)

(o)

Recommended Change: _

Add the following: “The ICSB will also verify that the instrument
response time capability of the airborne activity monitoring system
satisfies the required response time identified by AAB to prevent
the release of activity through isolation valves or to assure that
ventilation flow is switched to an ESF grade filter system prior to
release to the environment. The I{SB should advise AAB of any
reactor system which does niot meet either of these functions both in
the containment building and in the spent fuel storage facility".

Recommended Change

- Add to the lead-in paragraph of Part A to ASB-BTP S- 1 a-reference to

gu1de11nes on selection and use of rigging and 1ifting devices and
minimum crane requirements (Similar to that in Section 5.1.1 of this
report). These guidelines would apply to any area where heavy loads
could be handled near spent fuel, fuel in the reactor, or safe
shutdown eguipment.

Basis:
These measures together with other actions taken to meet options 1,
2, or 3 in Part A of ASBE-BTP 9-1 and those listed in items 3 and 4
below will provide defense-in-depth for lgad handling operations.
The measures identified above will also assure that proper attention
is given to the major contributors to load handling accidents to
reduce the occurrence of such events.

7~
Recommended Change: ‘
Option 1 of Part A to ASB-BTP 9-1 should include a statement that
both electrical interlocks and mechanical stops are provided to keep
the cask from being transported over the spent fuel pool.

S

i
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(3)

- (4)

Basis: ~
This option presently re\wes on electrical interlocks and mechanical
stops to reep the cask away from the spent fuel pool, however the

_SRP does not include this detail. The above change only documents
" the criteria that are presently being used.

(d) Recommended Change:
Add to the statement on the eva]uat1on criteria of option 3 of :
Part A to ASB BTPS-1 that the consequences of a postulated load drop

should alsoc not result in crit1cal1§y or excessive leakage that
could uncover the fuel.

Basiss

These are potential consequences that should be considered in the
analyses.

{(e) Recommended Change ‘
Guidelines should be added on rigging, spec1a1 1ifting devices, and
interfacing 1ift points to be used with a single-failure-proof

crane. These guidelines should be similar to Section 5.1.6 of this
report. :

Basis:

Guidelines in ANSI standards on sl1ngs and special 1ifting devices
are available and should be used to assure the reliability of these
components. Additionally, guidance should be provided on 1nterfacing

1ift points since failure of these could potentxal]y result in a
load drop. :

SRP 13.1.3 "Qualifications of Nuclear Plant Personnel"

Recommended Change: :

Add to the acceptance criteriz a statement that crane operators that may
handle heavy loads over or near fuel in the reactor, fuel in the storage
pool, or safe shutdown equipment are qualified and conduct thémseves in
accordance with the guidelines of ANSI B30.2-1976 (Chapter 2-3) "Overhead
and Gantry Cranes."

R.G. 1.33 - "Quality Assurance Prgram Requirements (Operation),” Rev. 2

(a) Recommended Change: Add to secticn 2 of Appendix A to this guide

_that general plant operating procedures should also be developed for
the following: (1) handling of heavy loads near fuel in the reactor,
fuel in the storage pool, or safe shutdown equipment; and (2) 1dent1-
ficetion of safe load paths;

(b) Recommended Change: Add to Section 1 of Appendix A to this guide
that administrative procedures should also be developed for qualificaz.
tion, training, and conduct-of crane operators.



(5) B_gulatory Guide 1.13, Revision 1 - "Spent Fuel Storage Facility Design

Basis®

Recomeended Change

"~ Regulatory Guide 1. 13 Regu]atory Position C.5 should be changed to
delete the three options listed and to list option 1 of ASB 9-1, with
recomrended changes (see changes to SRP 9.1.4).

Basis:

_ASB 9-1 offers only the option of keeping the cask away from the spent
fuel pool using electrical interlocks and mechanical stops. This makes
the regulatory guidance consisiznt with the rexiew criteria.

(6) Regulatory Guide 1.XX -

Recomrended Change:

A regulatory guide should be developed endorsiag ANSI N14.6, 1978 "Standard
- For Special Lifting Devices for Shipping Containers Weighing 10,000
© . Pounds (4500 kg) or More For Nuclear Materials®. ANSI N14.6 provides
" guidelines that are not peculiar to 1ifting desices for shipping containers;
-these guidelines would be applicable to any spzcial 1ifting- device.
Therefore, the y2gulatory guide that is developed to endorse ANSI N14.6
should endorse this standard for use in designing and using special
Tifting devices that handle heavy loads over or near spent fuel, fuel in
the core, or safe shutdown equipment.

Basis:

Such a regulatory gu1de will facilitate use of industry guidelines in
evaluating the adequacy to special lifting devices in the licensing
‘revies process, and will provide guidance to aplicants, licensees, and
vendors in designing special lifting devices.

6.4 Technical Specification Changes

Following implementation of modifications and changss to satisfy the guidelines
-of Section 5.1, changes to-facility technical specifications should be made.
Items which should be covered by technical specifications will vary depending
on the alternatives selected by the particular plani. The following summarizes
the types of specifications reguired for each of ths guidelines of Section 5.1.

“Guideline

.1(1)-(6)
17
.2(1)
.2(2)
.2(3)
.2(4)
.3(1)
+3(2)
.3(3)
.4(1)
.4(2)
.5(1)(a)

cncntntnimcnfn(ncntntszn
1] . ] . 4 * " ’ . . .
—rt ol otnd vnad d vl ) vt ot w—d wad  —d

Related Technical Specification (see code below)

(No T7.S5. Change required)
A )

(Same as 5.1.6)

A, B, C,¢E

A, B, C, E

A - E (as appropriate, based on analys1s)
(Same as 5.1. 6)

A, E, F Co=s

A, E o

(Same as 5.1.6)

A, C, (and B or D if, aporcpr1ate)
(Same as 5.1.6)



RTINS

it R T

Guideline

5.1.5(1)(b)
5.1.5(3)(V)(c)
5.1.5(2)

5.1.6

Related Technical Specification (see code bé]o!)

6

6 ( if interlocks or mechanical stops are relied on)
A .

H, I

Where the following defimes the types of technical speciffcations corresponding
to each code letter above:

Code

A

Techniczl Specification

The maximum load that may be carried by the rrane
should be specified in the Technical Specifications.
Technical Specifications should specify that electric
interlocks are operable at all times (if load drop
could cause criticality) or when spent fuel is less
than * days subcritical (if load drop would not
cause criticality). '

Teéhnical Spacifications should specify that the
load/cask is not carried greater than
inches off the floor of the refueling area.

Technical Specifitations should specify that movement
c¢f the overhzzd crane load block is prohibited over
spent fuel which is less than * days subcritical.

Technical Specifications should define the minimum
boron concentration as relied on in criticality
analyses.

Technical Specifications should require operability
and surveillance of devices and circuitry that provide
containment isolation, ard/or transfer to ESF.grade
filters, on high radiaticn, and require equipment and
personnel access hatches to be closed when handling
loads where this alternative is relied on.

Technical Specifications should require functional
capabiiity of specified electrical interlocks or
gechanical stops when equipment within the area
protected by the interlocks or mechanical stops is
required to be operable.

Technical Specifications should require the operability.
and periodic surveillance of slings or special lifting
devices used tos handle heavy loads carried over or in
proximity to spent fuel in the pool, fuel in the

ccre, or redundant safe shutdown systems.

*Decay time depends on the facility. See Section 2.1 of this report.



Code Technical Specification

I ' ‘ ‘ ‘Technical Specifications should require operability
' of both load paths in the single-failure-proof crane,
where dual load paths are provided.

6.5 Issues Requiring Further Staff Review

In the course of completing Task A-36, certain areis of potentially adverse
safety consequences were identified that were beyoid the original scope of
Task A-36, such as the potential for heavy loads to damage fuel in the core -
and the potential for heavy loads, if dromped, to damage safe shutdown systems.
To resolve these areas of concern, the scepe of Task A-36 was expanded to
include- these concerns because the loads handled, the equipment used to handle
the loads, and the guidelines for safe hamdling weuld be.the same as that
which was already under cev1ew in Task A-3%.

Task A-36 did not consider loads that weighed less than a "heavy" load, where
a "heavy" load is defined as any load grezter than the weight of a spent fuel
assembly and its handling tool. The handling, anc accidental dropping, of a
spent fuel assembly is already reviewed as a fuel handling accident, and
therefore was not within the scope of Task A-36. In the hearing before the
Atomic Safety and Licensing Board in the matter of increased spent fuel: storage
capacity for Trojan Nuclear Plant, the board raisel concerns over tha potential
for loads which weighed less than a fuel assembly to be carried at greater
heights and thus be able to cause more dasage “har a dropped fuel assembly.

The board accepted a technical specification which required that loads should
not be handled over the spent fuel pool at heights such that the kinetic
energy of the load, if dropped, would be greater than the kinetic energy of a
fuel assembly if dropped from its maximum carrying height.

It was determined that an svaluation of the handlinrg of lighter loads, the
potential for dropping, measures to preciude dropring, potential consequences,
and required staff guidelines were beyond the scope of Task A-36. Additionally
the generic letter sent to licensees in June of 1£78 did not requ::zt any
information on lighter loads, such as typs and size of loads, frequency of
movement, or measures in effect to preclude dropping.

It is therefore recommended that a separate task te established teo review the
handling of loads weighing less than a spenl fuel assembly and to establish
necessary guidelines for their safe handling. This task should identify types
of small loacds handled and frequency of mcvement cver spent fucl, pctential

for a load drop to occur, potential consecuences f a small load drop, and
vrequired guidelines that are consistent with the ghilosophy used for the
control of heavy loads. To the extent przctical, guidelines for the control

of small loads should be similar to those used for heavy loaas.

In the interim period until completion of this nes task, it is recommended
that a technical specification change be made to the licenses uf all operating
facilities to include a limit on kinetic energy o loads carried over the
spent fuel pool simiiar to technical specificatior 3.9.7 for Trojan.(See
Appendix D). We do not have information zvaiiabiz or precedents to rely o1
for establishing interim measures for the controi of smali loads handled over
the reactor core. The above recommended task wou'd have to estabisi suct
required measures.
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APPENDIX A

ANALYSES OF POSTULATED LOAD DROPS

Certain of the alternatives in Sections 5.1.2 through 5.1.5 of this report
call for an enalysis of postulated load crops and evzluation of potential
consequences to assure that the evaluation criteria of Section 5.1 are met fer
such an event. Section A-1 of this appendix identifies certain considerations
that shouid be included in such evaluations. Sections A-2 and A-3 identify
certain additional considerations and assumptions that should be used in
analyzing the potential ccasequences of a drop of the reactor vessel head
assembly or the spent fuel shipping cask; other load drops that are analyzed
should use similar considerations and assumptions that are appropriate for

- these other loads. Section A-4 provides guidance in performing criticality
calculations. :

1.  GENERAL CONSIDERATIONS

Analyses of postulated load drops should as a minimum include the considera-
tions listed below. Other considerations may be appropriate for the particular
load drop being analyzed; for example, for a reactor vessel head assembly or a
spent fuel cask drop analysis, the additional considerations listed in

Sections A-2 or A-3 should be used. In evaluating the potential for a load
drop to result in criticality, the considerations of A-4 should also be

followed. The following snould be considered for any load drop analysis. as
appropriate: S

(1) That the load is dropped in an orieniation that causes the most severe
concequences;

(2) That fuel impacted is 100 hours subcritical (or whatever the minimum that
is allowed in facility technical spezifications prior to fuei handling);

(3) That the load may be dropped at any ltocation in the crane travel area
where mcvement is not restricted by mechanical stops or elzctrical
interlocks; ;

(4) That credit may not be taken for speat fuel pool area charcoal filters if
hitches, wall, or roof sections are removed during the handiing of th-
heavy lecad being analyzed, cr whenevzr the building negative pressure
rises atove (~-)1/8 inch (-3 m) water gauge;

{(5) Analyses that relv on resuits of Table 2.1-1 or Figures 2.1-1 or 2.1-2
for potentiail offsite doses or safe decay times should verify that the
~assumptions of Table 2.1-2 are conservative for the facility under review.
X/Q values should be derived from anilysis of on-site meterruvlogical
measurements based on 5% worst meteorological conditions.

(6) Analyses shouia be bezs~d on an elastic-plastic curve that represents a
true stress-strain relationship.



(7) The analysis should postulate the "maximum damage" that could result,
i.e., the analysis should consider that all energy is absorbed by the
structure and/or equipment that is impacted

(8) Loads need not be 3nalyzed if their load paths and consequences are
scoped by the analysis of some other load.

(9) To overcome water leakage due to damage from a load drop, credit may be
taken for borated water makeup of adequate concentration that is required
" to be availablc by the techrnical specifications.

(10) Credit may not be taken for equ1pment to operate that may mitigate the
effects of the load drop if the equipment is not required to be operable
by the technical specifications when the load could be dropped.

2. REACTOR VESSEL HEAD DROP ANALYSIS*

Where a reactor vessel head drop analysis is to be performed to satisfy the
PWR Containment or BWR Reactor Building guidelines (Sections 5.1.3 or 5.1.4)
of this report, the analysis should consider the following to assure that the
evaluation criteria of Secticay 5.1 are satisfied.

(1) Impact loads should include the weight of the reactor vessel (RV) head
assemhly (including all appurtances), the crane load block, and other
lifting apparatus (i.e., the strongback for a BWR).

(2) Al potential accident cases during the refueling operation-. Areas of
consideration as a minimum should be:

(a) Fall of tha RV head from it's maximum height while still on the
guids studs followed by impact with the RV flange;

(b) Fall of the RV head from its maximum height considering possiblé
objects of impact such as the guide studs, the RV flange, the steam
dryer (BWR) or structures beneath the path of travel; and

(c) 'Impact with the fueling cavity wall due to load swing with the
subsequent drop of the RV head due to lifting device or wire rope
failure. v

(3) A1l cases which are to be considered should be analyzed in the actual
medium present during the postulated accident, e.g., for a PWR prior to
reassembly of the reactor, the fueling cavity is drained after the head
engages the guide studs to allow for visual inspection of the reactor
core control drive rods insertion into the head. During this phase it
should be considered that the head will only fall through air, without
any drag forces produced by a water environment.

*These guidelines only consider the dropping nf the RV head assembly during
refueling and do not apply directly to dropping of the reacter {internals such
as the steam dryer (BWR), moisture separator (BWR) or the upper core internals
(PWR); however, similar assumptions and considerations would apply to analyses
of dropping of reactor: 1nternals
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(4) In those Nuclaar Steam Supply Systems where portions of the réactor
“internals extand above the RV flange, the internals should be analyzed
for buckling and resultant adverse effects due to the impact loading of
the RV head. It should be demonstrated that the energy absorption
characteristics (cawssing buckling failure) of these internals should b2
© such that resultant damage to the core assembly does not cause a condition
beyond the acteptance criteria for this analysis.

(5) Reactor vessel supports should be evaluated for the effects of the
transmitted impact loads of the RV head. In the case of PWRs where the
RV is supported at its nozzles, the effects of bending, shear and
circumferential stresses on the nozzles should be examined. - For BWRs the
effects of these impact loads on the RV support skirt should be examined.

(6) The RV head assembly should be considered rigid and not experience
deformation during impact with other compone .ls ar structures.

3. SPENT FUEL CASX DROP ANALYSIS

Where a cask drop analysis is to be performed to satisfy the guidelines in
Sections 5.1, 2, 5.1.4, or 5.1.5 of this report, it should consider the following
in addition to the general considerations of Section A-1 to assure that tne
evaluation criteria of Section 5.1 are satisfied:

(1) Applying a single-failure to the lifting assembly, consider that the cask
is dropped in an orientation that will result in the most severe consequences.

(2) Impact loads should include a fdlly loaded cask (with water, where applicable)
and all equipment reguired for 1ifting and set down such as baseplates,
l1ifting yokes, wire ropes and crane blocks.

(3) Restricted path travel of the spent fuel cask (defised by electrical

: “interincks, mechanicel stops, and crcne travel capability) should be
evaluated to determine the locations and probable accident cases along
the path where damage could occur to:

(a) the floor and walls of the Spent Fuel Pool (SFP);

(b) racks within the SFP which suppcrt the spent fuel;

(c) the spent fuel itself;

(d) the refueling channel gate; or

(e) safety related systems, components and structures beneatt or adjacent
to the travel path of the cask.

(4, In the analysis consideration may be given to drag forces caused by the
environment of the postulated accident case, e.g., when the spent fuel
cask is postulated to drop into the SFP, credit may be taken for drag
forces caused by the water in the SFP. Water level assumec¢ for such
analyses chould be the minimum level allowed by technical specifications.

(5) Credit may be taken for energy absorbing devices integral to the cask if
attached during the handling operations in determining the amount of

energy imparted to the spent fuel or safety related systems, components
‘or structures.
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(5) For the purpose of the ana]ySIS the cask should be cons1dered rigid
(except for devices and appurtences specwflcc‘ly designed for enargy
ab;orpt1qn and in place)§qnd not to experience deformation during impact.

(7) In the calculating the center of'gravity, consideration should be given
- to modifications made to the cask after purchase, e.g., addition of a
- perforated metal basket within the cask.

4. CRITICALITY CONSIDERATIONS -

4.1 Spent Fuel Poo) Neutronics Analysis

In Sections 5.1.2, "Spent Fuel Pool Area - PWR," and 5.1.4, "Reactor Building -
B¥R," a number of alternatives are presented for the contro: of heavy loads in
spent fuel pool araas. Some of these alternatives include neutronics calcula-
tions to demonstrate it crushing the fuel and fuel rack will not result in
criticality. This section is included here to give the l.censeea guidance in
performlng their neutronics calculation.

A discussion of the potential for cr‘tica11ty under Yoad drop conditions is
discussed in Section 2.2, and summarized in Section 2.2.6. The results of

this section should be used as a guide to determine which neutronics or other
analyses are required to evaluate the potential for criticality for a specific
plant area. A licensee may choose to use the results of section 2.2, rather

than performing an independent neutrorics analysis for his plant. If a licensee
uses the re-ults of Section 2.2 rather than performing an irndependent reut+-onics
analysis, he should verify that the assumptions and model fuel assembly of
Section 2.2 are valid for his plant.

For PWR spent fuel pools, credit may be taken under the accident conditions of

a lcad drop for the boron in the spent fuel nool water to maintain subcriticality.
In this case the required boron concentration should be specified in the

facility Technical Specification, and regular monitoring of the boron
concentration in the spent fuel pool should also be specified. Likewise, if

the neutronics analysis postulates a bounding distribution of non-spent fuel
within the spent fuel pool, then the Technical Specifications must be modified

to require that the actual distribution of fuel is no more deleterious than

that assumed in the analysis. In postulating a limiting distribution of

nor-spent fuel, the licensee may either assume an infinite array or a finite

array. The largest finite array of non-spent fuel a licensee should have to
consider would be that of an off-load core.

In thi's neutronics analysis the licensee must demonstrate that the fuel remains

subcritical .in the optimum crushed configuration. It is adeguate to assume
that the optimum configuration is with the rack crushed to uniformly reduce

~ the separation between assemblies and the spacing between fuei pins uniformly

reduced to maximize k A1Y boral and structural material may be assumed to

remain in its orlg1na? zonf1guration relative to the fuel, and not forced out
of the fuel array. : :

The neutronics analysis for the spent fuel pool should consider the case where
it has become necessary to off-ioad an entire core into the spent fuel pool
and a heavy load is droppéd on fuel in the pool.
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.es_noteq_in Section 5.1.4 it is not necessary to analyze the effects nf crushing
onk for BWR spent fuel pools that use boron nlate cans and do not rely on -
spac?ﬁg to meintain subcriticality. :

4.2 Reactor Core Neutronics Analyses
-4.2.1 Neutrenics Analyses for a BWR Core

For a BWR core, the potential for a leoad drop to drive control rods out of the

core should be analyzed using the appropriate considerations of Sections A-1

and A-2. If this analysis shows that poctulated load drops could drive control
rocs out of the core, the number of rods that could be affected should be
determined, and a neutronics analysis performed to determina the potential for
criticality to result. If in the analysis it is assumed that all rods are in
the core just prior to the load drop, then the facitity technical specifications
should require that all rods are in when handling a heavy load over the core.

4.2.2 Neutronics Anaiyses for a PWR Core

In Tanle 2.2-2, we see that crushing the model PWR core in 2000 ppm boror.
refueling water increases k £f by about 0.02. Since only one model fuel
geometry was considered herg, other fuel geometries could have a slightly
higher reactivity insertisn due to crushing. A value of 0.05 may be used as a
bounding worst case reactivity insertion value due to crushing of a PWR core.
In performing a neutronics evaluation of a postulated load d-op on a PWR core,
a licensee may use this estimated reactivity insertion 1imit in lieu of performing
a plant specific calculation. If a licensee can demonstrate that for his fuel
a value less than 0.05 is bounding, then he may use this lower value instead.

The current Technical Specifications require that during refueling k should
be maintained at 0.95 or Jess. This is based on an uncrushed core. ?fé perform
a neutronics analysis to demonstrate that crushing the core will not drive it
critical at ieast two aiternatives for demonstrating this are acceptable.

(1) The licensee can perform a ncoutronics analysis on his core uniformly
crushed in the x-y direction to maximize k £ 1f the licensee chooses
this option he must demonstrate that the mgxfmum'k i is no greater than
0.95, with all uncertainties taken into account. €

OR :
(2) Using his core refueling neutronics analysis (unrcrushed), the licensee
can demorctrate that k for the uncrushed core is no greater than 0.90.

Then, using the estimaigg 0.05 maximum reactivity insertion due to crushing,
the maximum achievable keff is still less than 0.95.

5.  ACCEPTANCE CRITERIA

In performing the above analyses, the acceptance criteria for resultant damage

should be that it does not cause a condition that may exceed evaluation

criteria I-IV stated in Section 5.1 of this report. -
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' APPENDIX B
ESTIMATES OF EVENT PROBABILITIES

Fap]t trees (Figures 5.2-1, 5.2-2, and 5.2-3) for various load handling scenarios
' are contained in Section 5.2 of this report. Thic appendix develops p"obability
~ estimates for the varfous events contained in these fault trees.

The numbers in the left hand margin correspond with the event numbers shown in
Figures 5.2-1, 5.2-2, and 5.2-3. Figures B-1 through B-3 correspond to the

fault trees in Section 5.2, but show the probabilities developed in this appendix.

Probabilities used are best estimates of upper and lower bounds with conservative
margins to allow for uncertainties. Where 1ittle data is available, estimates
are based on engineering judgment as to a conservative value. For the purposes
of determining a median within the rar-e between the upper and lower bounds, it

was assumed that the varlab1.1ty of failure rates was distributed log normally
between the bounds.

A. Figure 5.2-1 - Loads Handled Near Spent Fuel Pool:
 0ffsite Releases -

1.1.1 The probabi]iiy that the spent fuel pob] contains "hot" spent fuel depends
on the decay time of the spent fuel. From Figures 2.1-1 and 2.1-2, between
42 and 74 days is a safe decay time if a full core were damaged. If we
2.sume that heavy loads are handled uniformly through the year and that
any heevy load could cause excessive releases, then the P(1.1.1) is between
0.1 and 0.2 per reactor year (i.e., 38/365 to 72/365).

1.1.2.1  For the purposes of this review, it is estimated that the probability of
‘ , -2 and 10-2 per
eveat, or 2 to 10 failures per year assumihg 200 lifts per year. This
presumes that the quidelines of Section 5.1.1 are met, whereby crane

failure to follow a given procedure is between 5 x 10

operators are trained in proper conduct of operat1on and procedures tc be
followed. The 200 1ifts per year is based on the number of cask and other
Yoad handlfng events that may occur per year as shown in Table 3.1-1. The
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1.1.2.2.

1.

1.2.3

- with human reliability estimated failure rate of 10~

above estimate of failure to follow a given procedure is also consistent
2

obtained in the
Reactor Safety Study WASH-1400 based on data from the United Kingdom
Atomic Energy Agency and the U.S. military.

Electrical interlock reliability was estimated to be between 10-2 and 10-3
per demand. These interlocks are not chailenged unless there is a failu:e
to follow prescribed load paths‘(i;e., event ].1;2.1). This estimace is
more conservative than the electrical interlock failure rate assessment

used in WASH-1400 of 10~3 to 10-4 per demand. The higher failure rate was

-used to account for the potential that there may be some interaction with

the event of failure to foilow the prescribed load path, whereby an
inexperiehced operator violates the load path prbcedure'and also fails to
verify that interlocks are operable or intentionally bypasses the interlock.

Based-on the data collected from the Navy, it is expected taat the probabi]ity
of handling system failure for nuclear plant cranes will be on the order

of between 10°° and 1.5 x 10°% per 1ift. This presumes an improvement by

a factor of 0.5 over the Navy cranes based on improved procedures at

nuclear plants, and conformance to guide]ines in Section 5.1.1 of this

report concerning operator training and crane inspection (i.e., the failure

.rate will be cut in half due to these measures).

However, the probability of handiing system failure, given that the prescribed

load path has not been followed and that electrical interlocks have failed,

would be greater than the above estimate. This would be due to common
mode effects such as a poorly trained or unqualified operator that fails
to follow the prescribed load path, fails to check the operability of the
interlocks, and then proceeds to improperly operate the handling system

leading to a lcad drop. This then ic a connective 1ink between events

1.1.2.1, 1.1.2.2, and 1.1.2.3. If we presume that this reduces the handling
system reliability by a factor of ten, this gives a result of prebability

- of handling system fcilure given that ipterlocks have failed and tche
- operator has failed to follow thé‘prescribed load path of between 10-4 and

1.5 x 10" 3 per 1ift. '
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1.1.2.4

1.2

SR

1.2.1

1.2.2

. Even though interlocks fail and procedures are violated, the load may not

be -brought over spent fuel or the load may be dropped at some point prior

. to or after being broughi over spent fuel. Even if the drop occurs over

spent fuel it may not impact "hot" spent fuel. Based on the length of the
lcad paths that could be followed for such loads as contaminated waste
casks, transfer caral gate, spent fuel cask, shield olugs and other loads
normally handled near spent fuel, spent fuel usually occupies less than
10% of any potential path length and many poscible paths do not even go
over spent fuel. Based on this, it is est‘mated that the’prabdbi]ity that

. the drcp could occur over “hot" spent fue, given that the prescibed load

2

-path has not been followed, is between 10-] and 10 » given that events

1.1.2.1, 1.1.2.2, and 1.1.2.3 occur. -

Combining probabilities, it is estimated that P(1.1.2) is between 2 x 10 >
and 2 x 10-9 with a median of approximately 10-7 per reactor year.

Combining 1.1.7 and 1.1.2, we obtain an estimate of the pfobébi]ity of
of%site releases that exceed guicdelines due to a ioad drop for loads
handled near spent fuel of between 4 x 107 and 2 x 10719
2 x 10-8 per reactor year.

with a median of

Potential For Criticality

This event can occur if & core ofr load were to occur, whereby the fuel in
the core has been subcritical for a short period of time such that it
still contains some enriched fuel. It is estimated that a core off-load
event may occur once every 50 to 200 reactor years, giﬁing a probability
of core off-load of tatween 2 x 10-2 and 5 x 10-3 per reactor year.

This requires failure of an operator to follow prescribed refueling
procedure~. As in other similar operator actions, the probability of:
fa§1ure is estimated to be between 5 x 10—2 and 10-2 per event, if
independent from cther 1.2 events. However, given that the prescribed

load path has not been followed, that the electrical interlocks have

“failed, and that the handiing system has failéd (i.e., given that 1.2.3

occurs), the probabi]ity that boron concentration is inadequate could be



1.2.3

1.2.4

1.2

‘This is also largely unknown; however, if we consider all the possible ;

greater than the above estimate. This would be due to common mode
effects, s.ch as a poorly trained or unqualified crane operator which

increases the probability of each of these events occurring simultane-. \\g
ously. If we pressumc that such an effect increases by a factor of 10 the - &
prooability of having inzdequate boron concentration, this gives a
probability of 5 x 10-1 to 10"1 per event.

This is similar to event 1.1.2, except that the area of concern is highly
enriched fuel that could be brought critical rather than "hot" spent fuel
in terms of potential for an excessive release. The probability that the
]oad‘strikes.this fuel, given that highly enriched fuel is ia the pool is f
the same as the probahility of event 1.1.2. ‘

configurations that spent fuel could be in after impact by a heavy load,
only very few of these are such that the spent fuel is brcught uniformly
close together with the potential for :ritica]ity. It is estimated that

this probability is between 107! and 167°.

‘Combining probabilities we find that the probability of criticality in

spent fuel to result from a load drop for loads handled near spent fuel 1is
negligible.

Combining 1.1 and 1.2 gives, for loads handled rear spent fuel: an
10
a

estimate that conseguences exceed auideiines of vetween 2 x 10 nd

4 x 10.6 with a eedian of approximately 2 x ]0-8498r reactcr year.

- B. Figure 5.2-2 - Loads Hundled Over Spent Fuel Pool:

Offsite Releases

2.1.1.1

This is the same as the probability of event 1.1.2.3.
2.1.2 This is the same as the prcbability of event 1.1.1.

2.1.1.2.1.1 This is the same as the prebability of event 1.1.2.1.



©2.1.1.2.1.2 T..e requirement to segregate "hot" spent fuel douTgtba specified in
. facility refueling pracedurés, as well as facility to-hnical specifi-
cations. Failure to segregate “"hot™ spent fuei would be a failure to
follow prescribed procedure. For other operator actions, the '
probability of failure to follow a procedure is estimated to be
between 5 x 10-2 and 10-2 per event. However, in this case,
 refueling operations call for a check on fuel position in the pool
following refueling. This will tend to reduce the probability of

failing to segregate the "hot" spent fuel away from the cask area.

It is estimated that this probability is between 10°2 and 10-3 per
event.

2.1.].2!2.1 This is the same as the probability of event 1.1.2.1.

2.1.1.2.2.2 This is the same as the probability of event 1.1.2.2.

2.1 ... . Combining prpbabilities, we obtain an estimate of the probability of

offsite releases that exceed guidelines due to a ioad drop for Toads
handled over the spent fuel pool of betwcen 3 x 10-5 and 2 x 10-8 _
with a median of approximately 7 x ]0-7 per reactor year. '@

2.2.1 . Potential For Criticality

This is the same as the probability of event 1.2.1.

2.2.2 This is the same as the probability of event 2.1.1.2, except the fuel
~ protected is enriched rather than a concern for the release of gap
activity.

i -

RS KA

2.2.3 This is the same as the probability of event 1.1.2.3.

2.2.4 This is the same as the probability of event 1.2.4.
. I

2.2.5 This is the same as the probability of event 1.2.2.

P




2.2 - -Combining probabilities ue_obtain an estimate ¢f the probadility of %?

_ £
criticality in the spent fuel pool due to a load drop for loads handled &
over the spent fue] pool of less than 3 x 10-8 per reactor vear. %%

2. - -~ -Combining 2.1 and 2.2.gives, for loads hundled over the Spent fuel pool, a g%

prebabilicy estimate that consequences exceed guidelines of between

R SEEER

2x 1073 and 3 x 107°, with a mecian of approxinately 7 x 107/ per gg

reictor year. . ‘?ﬁ

C. Figure 5.2-2 - Single Failure Proof Hand1ling Systes: 5%

. Dffsite Rei. ._s5 ';f
3.1.1(A) Leads covered by branchk (A) of this fault trece are iarge enough to cause ~§:1

o

excessive releases if dropped from a sufficient height. The fuel impacted

I T
i
EX i

would in most cases be fuel in the core, and, therefore, would be “hot"

fuel unless the drop occurs before initial criticality. However, the dirop ;%
may occur at low heights where little c.- no fuel damage occurs. - In fact, | %%
most drops due to mechznical failures occur at low 'ift heights where weak 1%
cemponents fail shortly after a load is applied. Additiosally, the load b

mzy be deflected by impact with the vessel flange or internal surfaces,
“reducing the energy that may be imparted on spent fuel. To account for
this potential for loads carried over spent fuel, it is estimated that
between 10% and 25% of ‘ioad drops directly over "hot" speat fuel result in
releases that apgroach 10 CFR Part 100 limits for loads such as the

reactor vessel head, vessel internals, inspection platform, etc.

R e A R

Therefore, an estimate of 10-] and 2.5 x 10-] per load drop was used for
the probability that a load dropped on spent fuel results in excessive
offsite releases. 4
. E
3.1.1(B) Tris is the same as the probability of event 1.1.1. ;g
3.1.3 Event 3.1.3(B) ,is the came as the probability of event 1.1.2.4. Event %
3.1.3(A) covers loads carried over spent fuel. For these loads, between i

5% and 25% of the path length is over spent fuel, and, t&erefore, an
estimate ofﬁEhe probability that the lsad drop occurs over sbent fuel is

i
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3.1.2.1(CF)

between 5 x ¥

2 and 2.5 x‘10-] per each event where the prestribed Toad -

path is not followed.

Section 4 of this report estimates the probability of handiing system

. failure of between 10-5 and 1.5 x 10-4 pér reactor year for a crane that

does not have sincle failure proof features. With the "single-failure-
proof* crane guidelines (NUREG-0554), certain load-bearing components are

provided with dual or counterpart components such that if one were to

fail, its counterpart could hanale the load and preclude dropping. Events.

.. CF.2.1 and CF.2.2 (she.t 2 of Figure 5.2-3) pertaim to these componeris

-and their counterparts. Certain other components are allowed to h ..

~ increased design sgfety factors per the guidelines of NUREG-0554, in lieu

of having backup or counterpart components. Event CF.4 pertains to these
-components which do not have redundant counterparts.

Additionally, the guidelines of NUREG-0554 call for protection against
possible "two-blocking" ahu “load-hangup” events. This may be done by
limit switches and cverload pr.tecticn devices respectively, as shown by
the fault trees for events CF.1 and CF.3. NUREG-0%34 allcws use of the
limit switches to terminéte hoisting as an alternatz to designing the
crane to withstand a “two-blocking” event. If designed to withstand
"twb-b}ocking“, a test w~uld be performed to demonsirate this ability. It
was deemed thaet the use of limit switches was the isss reliable of the two
options, and therefore the fault trees modeled use sf limit switches.

The fau]t tree on sheet 2 of Figure 5.2-3 may be ussd both for branches
(A) and (B), (i.e., for events 3.1.2.1(A) and 3.1.2.1(B) with appropriate
probabilities used for the loads covered oy each branch).

For branch (A) which covers loads carried over sper: fuel, from

Table 3.1-1, v see that there are typically betwee: 4 and 10 Tifts per

year over sper: fuel, mostly over the reactor vesse: (vessel head, vessel

internals, vessel inspection equipment, etc). Thus, probabilities for
branch (A) are estimated on ithe basis’ of loads bein; handled at a

frequency of 4 to 10 times per year. However, load: covered by branch (B)
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CF.1.)

CF.1.2

-

_.are handled on the order of up to 200 times par year near Spent fuel

(spent fuel shipping cask, wasie/debris/ spent resin casks, refueling
plugs and gates, shield plugs). Similarly, branch (B) probabilities are
estimated usirg these larger frequencies.

In estimating the probability of handling system failure for event
1.1.2.3, it was estimated that there could be some common cause connection
with procedural events, and therefore the estimate of the failure

probability of the handling system was increased. A similar connection
A may.gxist for events 3.1.2(B) and 3.1.4(B). However,‘for event'3.1.2(A)'

failure of handling system, (if single-failure-proof), no such common

.causes could be identified. The probability estimates used in-arriving at

the failure probability of the handling systcm are sufficiently conser-

B vative to encompass minor interactions between events 3.1.2(A) and

3.1.1(A) or 3 1.3(A

Of the 43 events reported in the Naky data report (Section 4 of this

report), 2 “load-hangup" events occurred due to operator error. This

.gives us an esti.~ate of probability of "1uad- hangup” of between (%3) X

7 6

and 7 x 10

(10"°) and (%B;x(i.s x 107 or between 4.7 x 10~
6

For CF.1.7(A), this gives a result of between 2 x 10
reactor year (4 to 10 1ifts per year).

per lift.
and 7 x ]0-5 per

For CF.1.1(B), this gives a result of between 10‘.4 and 1.4 x 10-3 per

reactor year (200 lifts per year); however, due to potential common cause
) effects with event 3.1.3(B) (failure to follow prescribed load path due to
. @ poorly trained operator, for example) a more reasonable ectimate would

be between 10> and 1.4 x 10 2 per reactor year.

Y_Limit switches are similar to the interlbck switches discussed for

event 1.1.2.2, and thus the same probability estimates fer event 1.1.2.2
may be used for the 1imit switches. The complexity of the overload
protection devices is similar to these 1imit switches, and thus the
probability estimate for limit'switzheé and interlock switches was afso
applied to the overlead protection devices. The same probability estimate
may be used for CF.1.2(A) and for Cr.1.2(B).

B-8




CF.3.1

CF.3.2

CF.2.1

“Two-blocking”" due to operat.ur error occurred in 15 of the 43 events
reported in the Navy data. This gives an estimate for CF.3.1 of between
(23) x (107°) and (32) x (1.5 x 107%), or between 3.5 x 1075 and

5.2 x 107> per 1ift. For CF.3.1(A), this gives a probability ¢«*imate of
between 1.4 x 10_5 and 5.2 x 10-4 per reactor year (4 - 10 1ifts per
year). For CF.3.1(B), this gives an estimate of between 7 x 10.4 and 10
per reactor year (200 1ifts per year); however, cdue to potential common
cause effects with event 3.1.4(B) (faflure to follow prescribed load path
due to a poorly trained opcraLor,'for example) a more reasonable estiaate
would be betweei: 7 x 10> and 101 | )

2

Faiiure»of the limit switch is the same as the probability of .verit CF.i:2
(see dis<ussion of CF.1.2 above).

Due to common mode failures, the probability of failure of the upper limit

switch given that the lower has failed is greater than the probability of

failure of the lower linit s.itch due to common mode effecis. Hcwever,
the NUREG-0584 guidelines call for these two limit switches to be
independent, of different designs, and activated by separate mechanica®
means. This will tend to make common mode faifure for these Timit
switches much less likely.

If we assume that one. out ui every 10 to 100 failures of the first limit

switch catzes o failure of the second 1imit switch or that the mechanism

that caused failure of the first 1imit switch also causes failure of the
second component, then ine second Timit switch has a failure probability
of between 107" and 1072 due to common mode effects, and thus has a
probability of fa?iure, given that the first switch has failed, of between

(10-2 + ]0-]) and (10‘3.+ 10-2) or between 10-] and 10-2 per demand.

Of the 43 load drop events reported in the Navy data (Section 4.2 of this

report}, 23 events were due to crzne component failures. S .e of these
p

are random material failures, while others may.be due to personnel errors

-'such as design deficiencies, improper maintenance or inadequate inspec-

tion. From event 1.1.2.3 an estimate of the probability of failure of a

B-g
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singlc crane component would be between (‘3)x(10 ) and ( )x(] 5 x 10 )

" per 1ift, or between 5.3 x 10°% and 8 x 10 2 .per lift. For CF.2.1(A),

this gives an estimate of component failure of between 2 x 10-5 and

8 x 10-‘ per reactor year (4 - 10 lifts per year). Fdr CF.2.1(8) this
gives an estimate of component failure of between 13-3 and 2 x 10-2 per
reactof year. We wcre not able to identify any common cause link between
event 3.1.4(B) (failure to follow prescribed load path) and event |
CF.2.1(B). The above estimate is s:ifficiently conservative to account for

mino+ interactions or common cause links.

Again if we assume that one out of every 10 to 100 failures of a crane

.component causes a failure of the backup component, or that the mechanism

that caused failure of the first cumponent also causes failure of the

second component, then the second or backup component has a failure proba-
bility of between 10-] and 10-2 due to common mode effects. This gives an
overall probability of tailure for the backup compsnent for CF.2.2(A)

given that the first component has failed, of between (8 x 10.'4 + 10-])

and (2.1 x 10-5 + 10-2) or between 10-] and ]0’2.

" For ' CF.2.2(B), this gives an overall probability of failure for the backup

component due to random causes and commcn mode effects, given that the
first component has failed, of between (10-3 + 10—2) and (2 x 10-2 + 10_1)
or between 10-2 and 1.2 x 10-]

None of the load drop events in the Navy data (43 events - -ee Section
4.2) occurred due to tailures in components where MJREG-0554 doés not
require a‘dua1 or redundant compohent. If we assume that the 44th load
drop event could have been due to a faiiure in one of these components,
then an estimate of failure for such components is: (lf)x(lo-s) to
(20%(1.5 x 107) per 1ift, or 2.3 x 107 to 3.4 x 107° per Tift.

Conformance to NUREG-0554 requires increased design safety facters for
these components, usually increased by a factor of about 2 (e.g., for
certain components, from a safety factor of 5:1 to a factor of 10:1).

“This will tend to reduce the probability of failure of these components.
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3.1.2.1(A)
(or CF{A))

3.1.2.1(B)
(or CF(B))

I x 10

4
Ueﬁwilt conservatively assume that this reduces the failure probability

only by a factor of 10'], although we would‘expect that such a large
change in the safety factor would have a much greater effect on reducing

the failure probability. Using an improvement of 10~‘ iﬁ‘fai]ure proba-

bility gives an estimate of the failure of components which do not have a
dual or redundant counterpart afier compliance with NUREG-0554 of between

2.3 x 1078 and 5.4 x 1077 per 1ift.

- For CF.4(A) this gives a failure probability of between 9 x 1078 and

3x 1078

per reactor yeaf-(4 - 10 lifts per year).

For CF.4(B)'this gives a failure probability of between 5 x 10.6 and

3 per reactor year (200 Vifts per year). We were noi able to
‘dentify any common cause effects between CF.4(B) and 3.1.4(B). The above
estimate for CF.4(B) is sufficiently conservative to account for minor
interactions or common cause links.

Combining probabilities, we obtain the following:
2 x 10'9 < P(CF.1(A)) < 7 x 10—7 per reactor year.
2 x 1077 < P(CF.2(A)) < 8 x 10”° per reactor year.
10710 < P(CF.3(A)) < 5 x 1077 per reactor year.

9 x 1078 < P(CF.4(A)) < 3 x 107° per reactor year.

We can combine the_ébove probabilities through an “or" gate to obtair the
following estimate of probabiiity of failure of:

3x 1077 < P(CF(A)) < 8 x 107°

with a median of 5 x 10-6 per reactor year.

Combining probabilities, we obtain the following:

1078 < pecraB)) <107t o
1075 < P(CF.2(B)) < 2 x 1073 \ | o
7 x 1072 < P(CF.3(B}) < 107° |
4.5 x 1078 < P(CF.4(B)) < 6.8 x 10
Similarly, combining these through an “or" gate gives:

2 x 1072 < P(CF(B)) < 2 x 103, with 2 median of 22 x 1¢™" per reactor
year.

5
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3.1.2.2 -
3.1.2.2.1

3.1.2.2.2

(Failure of Rigging):

From the data on Navy'cranes cortained in Section 4.2 of this report, we

can obtain an estimate of rigging failure of between 7 x 10 -7 and 10°° per_

Nlift, since rigging accounted fer 7% of all failures. This presumes an

improvement on the qrder of .5 ;.e'r 1ift based on improved procedures at
nuclear power plr:nt.s-, and conformance to guidelines in Section 5.1.1 of
this report concerning rigging. These limits become 2.8 x 10-6 to 10_4
per reactor year for branch (A) loads (4-10 lifts per year). Similarly,
these limits become 10-4 and 2 x 10-3 per reactor year for branch (B)
loads (200 1ifts per year). Because a poorly trained crane operator could
select improper rigging (event 3.2 2-2(8)) and could fail to follou the
proper toad path (event 3.1.4(E)), there is a common cause link between
these two events. If we presume that this increases the failure proba-
bilily of the rigging by a factor of 10, this gives a probability of
event 3.1.2.2.1(B), given that 3.1.4(B) has occurred, of between 10.3 and

2 x 10“2 per reactor vear.

Use of dual or redundant riggirg may compensate for random material
failures in the rigging or pe~sonnel errors that occur on only one set of
rigging. However, an individuzl may select or install both sets of

' ‘rigging in the same, although incorrect, manner thus leading to failure of

both sets of rigging due to a single common cause. Therefore, the

) A'"p_rbbabiklity of failure of the second set of rigging, given “hat the first

" between 5 x 10

3.1.2.2

has failed will be somewhat greater than the probability for event
3.1.2.2.1.

If we estimate that between 5% and 25% .f rigging failures are such that
they are likely to occur in the counterpart rigging due to common mode
effects, then an estimate for arobability of failure of the redundant or
counterpart rigging given that the first set of rigging has failed is
-Z_and 2.5 x 10-}. This tolds for branch (A) and branch (B)
loads. A o Coae
The above estmates result ir a probability of failure of the rigging of
between 10 and 3 x10 -3 per reactor year for tranch (A), and bctween
5 x 10 -5 and 5 x 10 -3 per reactor year for branch (B).
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3.%.2

3. 1(R)

3.1(B)

3.1

3.2.1

3.2.2

3.2.3

- is relied on, of between 2.3 x 10

(Failure of Handling System):

Combining probabilities, we obtain an estimate of failure of the handling

system that satisfies single-failure-proof guidelines of etween
4

4.6 x 10-7 and 1.2 x 10 per reactor year for loads carried over spent .
_ fuel (3.1.2(A)), and between 6.5 x 10

5 3

and 3.2 x 10 ° for loads carried

near spent fuel (3.1.2(B)).

Combining 3.1.1(A), 3.1.2(A), and 3.1.3(A), we obtain an estimate of
p:obability of excessive offsite releases, if a single-failure-proof crane
3 and 7.5 x 10-8 per reactor year, with

a median of 1.3 x 10_/, for loads carried over spent fuel.

Similarly, an estimate of probability of excessive offsite releases, if a

-single-failure-proof crane is relfed on, is between 2 x 10-9 and

2.7 :(J.O-6 jper reactor year with a median of 7.3 ‘»]0-8’ for loads handled
near spent fuel.

Combining 3.1(A) and 3.1(8) through an "or" gate gives a probability of a

load drop resulting in offsite releases that exceed guidelines if a
single-faildre-proof crane is provided of between 3 x 10-9 and 10-5
a3 median of 2 x ]0-?_per reactor year.

, with

Criticality
This is the same as the probability of event 1.2.1.

This is the same as the probzbility of event 1.2.4.

As shown on Figure 5.2-3, sheet 2, this event can occur either as a result
of a failure of the handling system carrying a load normally handled over
spent fuel, or as a result of a breakdown in following a prescribed load
path and a failure of the handiling system for loads normally handled near

~spent fuel. Event 3.2.3.1 is the_same as the probability of event

3.1.2(R); event 3.2.3.2.1.is;the[same as the probability of event
3.1.2(B); and event 3.2.3.2.2 is the same as the probability of

event 1.1.2.1. The potential for common cause effects for events

. B-13
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-3:2.3.2.1 and 3.2.3.2.2 is already taken into account in the estimate for

event 3.1, 2(8B).

- Combining probabilities, we obtain an estimate of the protability of

a load drop causing cfiticality, where a single-failure-proof crane is

provided, of less than 10-'6 per reactor year.

Cozbining 3.1 and 3.2 gives the following where a single-failure-proof

crane is provided: ,
I'x l()_'9 < P(Consequences that Exceed Guidelines) < 10_5 with a median of

2x 10-7 per reactor year.
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Guidelines2 | 4% 1078/Reactor Year
1.
| I 1
Oftsite Releases | 5 x 19-10-, Criticatity (Negliaibie)
E xceed In Spent egligible
-6
Guidelines! 4 X 107°/Reactor Year Fuel
I 12
2X109%~
. J L 2X10°5 J1L
- ‘ ' Reactor Year r : 1
Pool Contains . Load Drop On Pool Contains F‘?‘}’" tc Load Drop Load Falis In
“Hot" Spent “Hot” Spent Highly Enriched Mainiain On “‘Off Load"” Orientation to
Fuel Fue Fuel Adeq. Boron Core? Cause CriticalityS
y Concern
1.1.1 1.1.2- 121 122 123 124
10-1~ 5X 103 10-1 = 2% 109 10-3»
2 X 10~1/Reactor Year 2 X 1072/Reactor ‘ . 2 X 10-5/Reactor 10-1/Event
Year 5X 10~ /Event Year
1
Failure to Failure of Handling Drop Occurs
F°"‘f"” Electrical System Over “Hot""
Prescribed Interlock’ Failu Spent Fuel€
Load Path
1722 1.1.23 1.1.24
1.12.1 , . N
102+ 6 X 1272/Event, 4 2 107~ 3 10-: -
J . - = nd -~ T -

for 2 - 10 X's/Reactorw- 10 lDem_a 1.5?( 10~3/Lin 10~ /Event

Year)

! Evaluation Criterion 1 of Section 5.1

2 Evaluation Criteria of Section 5.1

3 Given That Events 12.1,1.2.2, and 1.2.3 Occur

4 Given That Event 1.2.1 Occurs v

5 Given That Events 1.12.1 and 1.1.2.2 Occur

€ Given That Events 1.1.1.1, 1.1.2.1 1.1.2.2, and 1.1.2.3 Occur
7 Given That Event 1.1.2.1 Occurs

8 Given That Event 1.1.1 Occurs

FIGURE B-1 FAULT TREE FOR LOADS HA‘NDLED NEAR SPENT FUEL POOL
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Comequences | 2 X 10€

Exceed 3 X 105 /Reactor Year
Guidelines

S u| 1

Offsite Releases | 2 X 108~ Criticality . | 3 X 10-6 ~ Negiigible
'E?(cﬂ,’d 3 X 10-5/Reactor Year . In Spent
Guidelines Fuel
21 22
22X . . ' .
-~ 15 X 154/Reactor Year F 1 _ — _I [
e e+ e e e Loadorop S y _
On "Hot” *“‘Hot" Spent 1 Pool Contains Handiing Failure to
Spent Fuel Fuel Highly Enriched S, stem Maintain
- Fuel | Failure Adbequate Boron
e : 2.1 . 212 l Congentration
n 1o~ | 22, 223 | /™3
2 X 10~ '/Reactor Year Losd Brovgh Loud Fata 1 1
Over "'Oft-l ox™ Orientaton
Core to Cause
o o ] Criticalty
222 ;
224

randling Load Carried | 2X 10-3 =
System Over "Hot” | 10-1/Reactor Year

L Failure Spent Fuel

[\
2.1.11 212
10—4 - N
15 X 10-3/Lft
2% 1073~ Load Over “"Hot” Lnad Over "Hot” | 5 x :3-3
10-" /Reacwor Year | Spent Fuel-"Hot”

Spent Fuel-Hot"

10~V /Reactor ‘Vear
Fue! Segregvad

Fue! No: Segregated

21121 21122

1 | 1 1 l

Failure to Failure to Failure to Failure of

Follcw Prescribed Segregate “‘Hot” Follovs Prescribed Electrical

Load Path Spent Fuel Load Path Interiock
-1 -2 -1 -2

2 - 10 X's/Reactor Year 103~

_ 2 - 10 X's/Reactor Year 10-3~ 10-2/Reactor Year
10-2/Reactor Year

FIGURE B-2 FAULT TREE FOR LOADS KANDLED OVER SPENT FUEL POOL



Consequences {3 X 109~
Exceed 10-5 Reactor Year

Guidelines
3
[ ' 7
Offsite 3 )5510-9* C-iticality h0-6 ~ Negligible
Releases Exceed | 10 n Spern
Guidelines Fuel
31 32
S e l A I J
T Rel’gasz.s'Exoeed Relfase.s E:tceed Pool Comains Load Falis In Failure of
Guidetines Due Guidelines Due Hghly Enriched Oriemation te Handling ‘ :
To Loads Handied To Loads Handied Fuel Cause Criticality System ‘
Over Spent Fuei Near Spent Fuel . H
T axwe L, | IEX T N AL 327 . 322 323
6 X 105/Reactor Y.ar 7 X 10-5/Reactor Year § X 10-3 - Al ' . ;o-s, o ‘
2 X 10-2/Reactor Year 10-'/Evert X 107 /Reactor Year ,
- 5% 102~
25X 10! 102 - J
_ - fEvent §.X 1072 l
B Load Drop Causes Failure of Drop Occurs Failure 1o Drop Occurs 10:; ot
Releases Beyond Handiing Over Spem Follow Prescribed Over “Hotw 107 /Event
Guidelines System Fue Load Path Spent Fuel
10t 0 - 31MA) 31218 313A) ESRIELE N 31368
25X 107\ /Evem 4 ’E"OJ" Poo! Contains Failure of 7X105~
10~4/Reactor Year *Hot"” Spert Handling 7 X 10-3/Reactor Year
Fuel © System
. 3.1.1A) 3.1.2(8)
[ | 10~
1
‘ Failure of Crane r . 2 X107 /Evern
(With Load to be Failure ct 7o
1 Brought Over Rigging 3 X 10-%/Resctor Year
Spent Fuel) . )
iy 312.2A) L 1 -
3X107s 312.1(A) 2X10°5{ Faiure of Crane , 5X1075~
8 X 105/Reactor Year 2X 1074} (winth Load to be ‘ Fa-}we ot § X 10-3/Reactor Year
Handled Near Rigging
Spent Fusll :
- 3.1.22
T B 312.1B; 312.8)
- ’ Failure o f 5X 1072
2B X 10-6 _, Failure of ) B
104/Reactor Year| ~One Set of Re:“""‘”"' or j2sx10 L
‘ Rigging oae  |(Given First /9 1cF)
e . _nigeng Set Fails) " f 1
- 3.122.1(A) 3.12.222(A) s
10~ 2 Failure of Faiiure of
2X10° One Set of Redundant-or
‘ Reactor Year| . nigging Alternate Rigging S
Cmm A ~ 3122.1(8) 312228 )
Y/ For Some Loads Sate Lcad Paths are Defined That Keep Loads Away From © §5X102~
Spent Fuel Even if a Single Faiure Proot Crane is Provioed. This s Depicted 25% 19"

by Branch 3.1{B). Certan Other Loads Must be Carried Over Spent Fuel: This
s Depicted by Branch 3.1{A)} of This Fault Tree.

« . FIGURE B-3 FAULT TREE IF A SINGLE-FAILURE-PROOF HANDLING SYSTEM IS USED!
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Faiture of
From

3x1w7-

o alti
300

L

O

Crane 8 X 10-5/Reactor Year
shccl 1
i 3.12.1(A} (= C.F.(A))
| |
Failure Due ,\‘ Faiture of
“’Load Hangup"”’ to Random 2%X107 - “Two -Blocking™” Component oX108.
Event - Componeit | g x 10-E/Reactor Event That Doesn't | 3 x 10-6/Reactor
- - Faiture Year Have Backup Year
2X106 - CF.1(A) CF.3(A)
F.
7 X 10”7 MReactor CF2(A) 1019 - cran
Year § X 10-7/Reactor
. Year
I 1 N |
Failure ot Failure of Ope:ator Failure ot Failse of
Single Backup Error Leading Lower Limit Upper Lim(
Component Component to “Two-Blocking” Switch Swazh
CF2.1{A) CF.22(A) CF.3.1{A) CF3.2(A) CF.3.3(A)
\ 2x105- 102~ 10-5 - 10-3 - 1072 - 107
8 X 10~4/Resctor  10- (Given & X 10~4/Reactor 102 “emand {Given Thaz .
Year. That The Year Lower Switch .
First Compon- Fails)
ent Faik)
Oper-tor Error Failure of
Leading to Overload Falure ot 106
“Loac Ha . Device \ -
e ' From e | 5% 104/Reactor Year
CF.1.1(A) CF.1.2(A) Sheet ) '
2x106~ 10-3~ "3.23 -
7 X 107% /Reaczor 10-2/Demand
Yea: :
1 | _
Fatlure of Hanatling Faiture of Hand' .ig
4%10°7 System (With Lcad System (With Load | 8 X 10-7 =

15%/Reactor Year

to be Brought
Over Spent F uel

10 be Handled
Near Spent Fuel)

3231

4 X 104/Reactor Year

R.2.32
1 1
Failure of Handing o
axi0l - System With Load Failure to~ 2~ 10 X's’Reactor Year
4 X 10-5/Lik 10 be Handlsd Follow Prescribed
Near Spent Fuet) Lcad Path
-1 -2
A B

FIGURE B-3 SHEET 2 (A)
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5X 106~
7 %105/
Reactor Year

" Failyre of 2X 10;5 -
From Crane 2 X 10-3/Reactor Year
. Sheet 1
: 3.12.1(B) (=C.F. (B}
- - r .
. Faicre Due 7X104~ - Failure of
""Load Hanqup” te Random 10-6/Reactor ‘“Two-Blocking”” Component
Event Component Yesr Event That Doesn‘t
e o Failure . Have Back..p
106~ C.F.1(e) C.F3(8)
1.4 X 104/Re C.F.’:"(:; . C.F.4(B)
Year 24X 10-3/Reactor Year
) a 1 1 . | |
Failu.e of Fadure of : Opetator Feilure of Failure of
Single Backup ~ Error Leading Lower Limit Upper Limit
R Componen: Componeni to "Two-Blocking”™ Switch Switch
C.F2.13) . C.F.2.2(B) C.r.3.1(8) CF.32(B) C.F.3.3(B)
\ 103 - 102 - 7X104> ' 10-3 » 102 -
2 X 10-2/Reacto- Year 10-7 10-</Reactor Year 10-?/Demand 10~ (Given

Cperator Error Failure of
Leading to Overload
“Load Hangup” Device
C.F.1.1(B) C.F.12(8)
103 - 103~
1.4 X 1072/Reactor  10~2/Demand
" Year

FIGURE B-3 SHEET 2 (B)
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APPENDIX C
MODIFICATION OF EXISTING. CRANES

The safe operation of cranes is necessary when hoisting ar transferring loads
that could cause the direct or indirect release of radinactivity if the load
was dropped due to malfunction or failure of the crame. The guidelines of
this report provide various alternative means of assering safe crane operation.
One of these alternatives includes design of a crane using conservative design
safety factors in the structural members that are affected by the lifted load,
by careful attention to material properties and by using dual or diverse
components and circuits for the reeving system and for controls for travel
Vimits end other systems lntended to protect against adverse crane operation
that would affect the crane's ability to stop and hold the load safely.

NUREG-0554 Guidelines

A report entitled "Singie-Failure-Proof Cranes," NUREG-0554, has been published
providing guidelines that incorporate the above philesophy. Although titled
"Singlé-Failure-Proof Cranes," certain components are allowed to not have a
redundant counterpart if a sufficient design safety factor is used. These
components are typically ones that are not susceptable to wear or degradation.

Comments from industry on the contents of the report were enlisted by the NRC
prior to final issuance. This resulted in many recommendations for changes

which were considered, and many of which were incorpcrated in the report. The
guidelines cf NUREG- 0554 are, briefly stated:

(1) The allowable stress limits should be identified and be conservative
enough to prevent permanent deformation of the individual structural
members when exposed to maximum load 1ifts.

(2) The minimum operating temperature of the crane should be determined from
the toughness properties of the structural materials that are stressed by
the lifting of the load.

-(3) The crane should be capable of stopping and holding the load during a

- seismic event equal to a Safe Shutdown Earthquake (SSE) applicable to
that facility.

(4) Automatic zontrols and limiting devices should be designed so that
component or system malfunction will not prevent the crane from stopping
and holding the load safely.

(5) Design of the wire rope_reeving system should isclude du3al wire ropes.
(6) Sensing devices should be included in the hoisting system to detect such
jtems as overcpeed, overload, and overtravel ard cause the hoisting

action to stop when:limits are exceeded.

(7) The reeving system should be designed agalnst the destructive effects of
"two-blocking."




~ an existing crane in lieu cf complying with certain recommendations of the

.y

(8) -The hoisting drum(s) should be protected agaxnst dropping should its
shafts or bearings fail.

(9) Safety devices such as limit switches provided to reduce the likelihood
of a malfunction should be in addition to those normally provided for
control of maloperation or operator error.

(10) The crane system should be given a cold proof test if material toughness
properties are not known. .

2

s

As a result of public comments, the recommendations in the NUREG-0554 report
include some alternate solutions where a direct compliance with some of the
recommendations would be difficult or impractical to follow. Furthermore, for
some power plant layouts it may be acceptable to relax some safety feature if
an equivalent degree of safety can be obtained by adding other features such
as a higher design safety factor for a load-bearing component.

R A

Implementation of NUREG-0554 For Operating Plants

v

In the case of a new crane, all the recommendations contained in NUREG-0554
should be followed; iiowever, in the case of an existing crane that is to be
upgraded to the guidelines of Section 5.1.6, space economies for the crane may
- not allow ready application of all the safety features to the crane. Addi-
tionally, application of certain other features may not be practical since
they wculd require replacement of certain components whose adequacy can be
verified by alternative measures. Thus, certain adjustments may be necessary
to compensate for those features that will not be included. The following
identify alternatives that may be used for certain applications when upgrading

<

R R

NUREG-0554.

(1) Paragraph 2.2 of NUREG-0554 recommends that the cranc be designed to the
MCL (Maximum Critical Load, defined in NUREG-0554) but that those component
parts that are subject to wear or degradation be designed to a greater
load to prevent the load-handling safety factor to drop below the MCL
rating due to wear between maintenance periods. However,-a specific
application was accepted in which the wear susceptible components were
designed to the MCL rating and not to a greater load rating to aliow for
wear,

Although the recommendation to design certain components to a greater
load rating was not met, an equivalent margin of safety was achieved
because the drive gear contained a torque limiting device that with the
proper setting effectively 1imits the load which the wire rope and other
wear susceptible components will experience. (NOTE: an overload sensing

SRR e g B ey S A B A s S T R

* device that has been energized in order to stop the eiectric drive motor _ ﬁ
would not have adequately accomp]1shed this due to the time delay inherent E:
in such a device). ‘ _%;

(2) Paragraph 2.4 of NUREG-0554 recommends a coldproof test as an alternate
method of assuring absence of brittle-fracture tendency in lieu of materia?
testing for cranes that are already built and operating. For a modified
crane in an operating plant, the coldproof test was omitted because the

C-2
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- (3).

(4)

+ (5)

7y

(8)

minimun ambient temperature was 70°F (21°C), which exceeded the NDTT +

- 60°F requirement (of paragraphs NC-2300 and N9-2300 of Section III of the
ASM. Code) for most structural steels of comparable dimensicns (NDTT is

the "nil-ductility transition temperature").

Paragraph 2.8 of NUREG-0554 recommends that preheat and postweld heai

~treatment temperatures be specified in the weld procedure. For a modified

crane in an operating plant, the weldments may not have been hez' treated
in accordance with Subarticle 3.9 of AWS D1.1i, “Structural Welding Cede."

" As a substitute for weld heat treatment of crane structures already built
- or-in operation, the welds whose failure could result in the drop of a

critical load should be nondestructively examined Lo ascertain that the

_weldments ave acceptable.

- Paragraph 4.1 of NUREG-0554_recommends that fleet angles in the wire rope
-reeving system be limited to prevent excessive wear on the wire rope.

Larger than recommended fleet angles have been accepted for an application
where space limitation prevented the use of larger sheaves. However, a

- more frequent inspection program was included to assure the continued

integrity of the wire rope.

Paragraph 4.3 recommends that the load blocks have two attachment points

or hooks. Because of an existing building height 1imitation and difficulty
in getting sufficient 1ift height at one installation being upgraded to
single-failure-proof criteria, a single attachzent sister hook was accepted.
However, the safety factor was increased to 10:1 to compensate for less

‘of the single-failure-proof feature and to equal the total safety factor

for the wire rope.

Paragraph 4.9 of NUREG-0554 recommends that the hoist holding brake

system be single-failure-proof. Normally the holding brakes are located
near the motor drive in order to reduce the size of the trake unit, and
consequently the gears or transmissions interposed between the m:tor and
the hoist drum must be of dual design to be single-failure-proof. Omission
of a second gear train has been accepted for cranes where two emergency
brakes were applied directly to the hoisting drum, thus eliminating cthe
need of the dual gear trains to provide assurance that the load will be
safely held in case of a single failure.

Paragraph 4.5 of NUREG-0554 recommends lcad hangup protecticn. However,
2 system of interlock circuitry preventing movement of the troiiey and
the bridge while hoisting the load has b»en accepted in lieu of load
hangup prclection.

Paragraph 8.3 of NUREG-0554 recommends that if the design incijudes an
energy-controlling device between the load and head blocks a test be made

to verify the hoisting machinery's ability to withstand a "two-blocking"
event, .

As an alternative to designing to withstand a "two-blocking" event;
Paragraph 4.5 of NUREG-0554 allows the crane to be furnished with two
independent travel 1imit switche.. If this alternative is selected, the

_ ®two-blocking" test should be verification of the proper functioning of




these switches. In addition, some cranes are furnished with a load-hmtmg
device (e.g., strain gage, etc.) that will automatically protect the
reeving system. If such a load limiting device is used, a substitute for

the “two-blocking" test may be made that demonstrates the proper functioning
of the load limiter.

(9) Paragraph 8.2 of NUREG-0554 alsc recommends a load hangup test. Where
"~ interlock circuitry is provided in Yieu of load hangup protection, testing
should be performed to verif:' the operability of the inccrlocks.

Impact

Non-single-failure-proof cranes already in use at operating plants typically
meet several of the above guidelines or alternatives. Modification of exist-
ing cranes to satisfy NUREG-0554 will vary from plant to plant but generally
will not require complete replacement of the crane. Modifications would .
involve use of techniques and components that are readily available. For
certain cranes to meet the guidelines or alternatives to NUREG-0554, modifi-
cations may be limited to additior of a double reeving system to the existing
trolley. However, for other cranes, the entire trolley may reed to be replaced.
Such trulleys are commercially available as a retrofit unit, and at least one
manufacturer's unit may be disassembled so as to permit it being trassferred

into areas with limited entrance sizes, such as a containment buﬂdmg equipment
hatch. :

The cask handling cranes at several operating power plants have already been
upgraded or are planned to be upgraded to meet single-failure-proof criteria
“as shown in Table 3.2-3 of Section 3.<. '

Implementation of the guidelines of Section 5.1 wiil require that lJoads handled
by PWR polar cranes and, at certain plants, loads handled by turbine building
cranes be evaluated for potential consequences if dropped. If evaluation
criteria of 5.1 are not met, it may require that these cranes be upgraded at
certain plants to single-failure-proof criteria. ‘
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APPENDIX D

REFUELING OPERATIONS

CRANE TRAVEL - FUEL BUILDING .

 LIMITING CONDITION FOR OPERATION

3.9.7 Loads carried over the spent fuel pool and the heights at which they
may be carried over racks containing fuel shall be limited in such a way as to

- preclude impact energies over 240,000 in.-1bs., if the loads are dropped.

"APPLICABILITY: With fuel assemblies and water in the storage pool.

_ ACTION;

~ With the requirements of the above specification not satisfied, place the
crane load in a safe condition. The provisions of Specification 3.0.3 are not
applicable. ‘ :

...SURVEILLANCE REQUIREMENTS

4.9.7 The poténtial impact energy due to dropping the crane's load shall be
deteraiined to be less than or equal to 240,000 in.-1bs. pricr to moving each
. load over racks containing fuel.

TROJAN-UNIT 1 | 3/4 9-7 | Amendment No. 34
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