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ABSTRACT 

rn 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 radioactive material could 
result in offsite doses that exceed 10 CFR Part.100 limits. If the load 
damaged equipment associated 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 causing the fuel configuration 
to- be crushed and result in criticality. 

/ 

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 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 licensing criteria. This 
report provides the results of the NRC staff's review of the handling of heavy 
loads and includes the NRC ~taff's recommendations on actions that should be 
taken to assure safe handling of heavy loads. These recommendations include: 
(1) a program should be initiated to··revievroperatTng plants against the 
guidelines developed in Task A~36; (2) certain interim measures should be 
taken for operating plants until completion of this review program; (3) changes 
to certain Standard Review Plans and Regulatory Guides should be made to 
incorporate the guidelines in this report; (4)-ehanges to technical sp~cifi
cations should be made after completion of the review; and (5) a task should 
be initated to ·establish guidelines for the control of small loads near spent 
fuel. The guidelines proposed include 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 well as various alternatives that include: use of a single failure 
proof handling system, use of mechanical stops or electrical interlocks to 
keep heavy loads away from fuel or safe shutdown equipment, 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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1. INTRODUCTION 

1. 1 Background 

CONTROL OF HEAVY LOADS 
AT, NUCLEAR POWER PLANTS 

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 stored spent fuel, fuel in the core, or equipment that may be 
required to achieve safe shutdown or permit continued decay heat removal. If 
~ufficient 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 radioactive material could result in offsite doses that exceed 10 CFR 
Part 100 1 imits. · If the load damaged equipment associated with redundant or 
dual safe shutdown paths, the capability to achieve safe shutdown may be 
defeated. Additionally, if fuel is of sufficient enrichment, the normal boron 
concentrations.that are maintained may not be adequate to prevent criticality 
if a load drop caused a crushing of the fuel assemblies. 

In this task a heavy load is defined as a load whose weight is greater than 
the combined weight of a single spent fuel assembly and ~ts handling tool. 
The handling of a single spent fuel assembly has been reviewed in the original 
licensing review or in the Generic Issue 11 Fuel Handling Accident Inside 
Containment. 11 

In previous licensing reviews, the extent 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 Guide~ (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 to assure the safe handling of heavy loads once a plant 
becomes operational. ' 

With the increased spent fuel storage capacities at many operating plants, 
largely 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 handling of heavy loads 
and includes the task group's recommendations on actions that should be taken 
to assure safe handling of heavy loads. This report completes Task A-36. 

1.2 Definitions 

For the purposes of this review, the following definitions were used: 
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Handling system - All load bearing components used to lift the load, including 
the crane or hoist, the lifting device, and interfacing load lift points. 

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

11 Hot11 fuel - Fuel thatwas at power sufficiently long 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. l 
for worst case conditions assuming an entire core is damaged. Fuel that has 
not decayed for the necessary decay time is 11 hot11 spent fuel.) 

11 Load hang-up" event - The act in which the load block and/or load is stopped 
by a fixed object during hoisting, thereby possibly overloading the hoisting 
system. 

Safe load travel path - A path defined for transport of a heavy load that will 
~inimize adverse effects, if the load is dropped, 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 should be preserved are: to maintain reactor coolant 
pressure boundary; capability to reach and maintain subcriticality; removal of 
decay heat; and to maintain integrity of components whose failure could result 
in excessive offsite releases. 

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

Spent Fuel - Fuel that has been critical in the ~ore 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. · · 

11 Two-blocking 11 event - The,act of continued hoisting to the extent that the 
upper head block and the load block are brought into contact, and, unless 
additional measures are taken 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 load. 

1.3 Task A:36 Review Process 

The initial step was to evaluate the adequacy of existing measures at operati.ng 
facilities. To do this the Office of Inspection and Enforcement was requested 
to gather and provide information for six BWR 1 s and six PWR 1 s on the heavy 
load handling systems at those facilities. It was found that this information 
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was insuffi~ient for the purposes of Task A-36. Accordingly, a generic letter 
was prepared and sent to. all licensees, with responses requested from non-SEP 
facilities. ·(SEP facilities are those older operating facilities under review 
in the Systematic Evaluation Program tp determine adequacy of these facilities 
with respect to current. criteria.) Responses were received !)y _D~_c;:~.m.Qe_r __ J 978. 

_Jne t.ask_group_ then -i-ni ti ated .. a -survey ·o·f thi s·-rnformafi on to determine what 
heavy loads are typically handled, measures employed by licensees to prevent 
or mitigate the consequences of 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, analyses were performed by the task group. These analyses were aimed 
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 ~pent fuel pool. The results of these analyses are 
summarized in "Potential Consequences of a Load Drop, 11 Section 2, of this 
report. 

Concurrent with the above analyses, the task group reviewed historical data 
available on load handling accidents, including load drop events. Data obtained 
and reviewed covered various crane applications, including nuclear facilities, 
.naval shore and shipboard installations, as well as industrial facilitie~ to 
th'e extent that reports are provided to OSHA. The review of the data was 
aimed at identifying the principal causes of load handling accidents, and 
estimating the probability of a load ~rap event. The results of this data 
review are provided in 11 Review of Historical Data on Crane Operations.," 
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 
~nlikely or that the consequences of such load drops are within acceptable · 
limits, based on the analyses of Section 2, 11 Potential Consequences of a Load 
Drop. 11 These guidelines are provided in "Recommended Guidelines," Section 5. 1, 
of this report. 

Certain of the alternative approaches suggested by the guidelines of Section 5. 1 
call for analyses of postulated load drops for the specific plant. These may 
include such things as an:analysis of a spent fuel shipping cask drop or the 
drop of a reactor vessel head. Guidelines for performing such analyses are 
contained in 11 Analyses of Postulated Load Drops," Appendix A, of this report. 

Section 5.2, "Bases for Guidelines," includes certain fault trees. Fault 
trees were developed for several of the alternatives suggested by the guide-
1 ines. Probabilities were then estimated or calculated for various faults or 
events, and used with the fault trees to determine the likelihood of obtaining 
unacceptable consequences with any of these alternatives. 

Section 5.3 of this report is the staff "Safety Evaluation." 
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The existing criteria in Regulatory Guides and Standard Review Plans were then 
evaluated to determine the required changes to incorporate the guidelines of 
Section 5. 1 that are appropriate for new plants. 

Final recommend~tions of the task group were developed and are included as 
"Resolution of the Issue," Section 6, of this report. The recommendations 
listed in Sectfon 6 are a summary of the recommendations contained in the 
various sections of this report. · 

1.4 Summary of Recommendations 

Guidelines were developed that offer various alternatives to licensees to 
assure the safe handling of heavy loads. These "Recommended Guidelines 11 in 
Section 5. l include general guidelines for all faciliti~s to reduce the potential 
for the uncontrolled movement of a load or a load drop, such as by calling 
for: definition of safe load paths; development of loaq handling procedures, 
periodic inspection and testing of t~e crane; qualifications, training and 
specified conduct of the crane operator; and use of guidelines on rigging. 
Additionally, the guidelines define various acceptable alternative 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 interlocks 
to keep loads away from spent fuel and safe shutdown equipment. 

We haye recommended a,program to review operating plants against these guidelines. 
A draft generic letter has been prepared to obtain the required information 
and commitments. We have also recommended that: certain interim measures be 
taken for operating plants until completion of this program; changes be made 
to Standard Review Plans and Regulatory Guides; and changes to technical 
specifications be made after completion of the review. 
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2. POTENTIAL CONSEQUENCES OF A LOAD DROP 

An accidental load drop could impact nuclear fuel or safety-related equipment 
with the 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 discuss the potential for these 
~dverse consequences to occur. Section 5 will provide. recommended guidelines 
to prevent or mitigate these potential consequences. 

2.1 Potential Offsite Releases Due To Heavy Load Drops On Spent Fuel 

The analysis of the potential consequences of a heavy load drop onto spent 
fuel assemblies contained in this section is based primarily on the methods 
and assumptions used for fuel handling accidents as shown in the Standard 
Review Plan 15.7A, 11 Radiological Consequences of Fuel Handling Accidents, 11 

NUREG-75/087, and Regulatory Guide 1.25, · 11 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. 11 

In a fuel handling accident analysis, we assume that a spent fuel assembly 
having the min1mum decay time permitted (100 hrs or whatever value is used in 
the technical specifications) is being moved under water in the spent fuel 
storage pool. It is postulated that the fuel assembly drops from its maximum 
height in the pool and impacts upon the floor of the pool. 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 fuel pool water where they rise 
to the surface of the pool. The water is assumed to scrub out approximately 
99% of the iodine fission products (Iodine 131-135) but is not assumed effective 
in reducing the quantity of noble gases released to the fuel building atmo
sphere. Once the radioactive gases reach the spent fuel building atmosphere, 
they are normally exhausted to.the environment through a charcoal filter 
system which further reduces the quantity of airborne radioactive iodines. 
This filter is not effective in removing noble gases such as krypton and xenon 
which contribute to the whole body dose. A large release of radioactivity 
from the containment building can be prevented by rapid isolation of containment 
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 postulated 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 fuel assemblies has been ascertained. Conversely, one may use the 
results of the analysis of damage to one assembly and determine the number of 
assemblies which must be damaged to reach certain limits on radioactive releases. 

The exposure limits of 10 CFR Part 100 have been established for certain 
design basis accidents whose probability is sufficiently low that they "would 
result in potential hazards not exceeded by those from any accident considered 
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credible" (10 CFR 100.11, footnote 1). For accidents of higher probability, 
the NRC staff has judged that lower. dose.-acceptance·criteria are ap1:»rotfrlate. · 

----- --- - ---- - . 

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 w~ich the 
radiological dose acceptace criteria are stated to be "well within11 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, in all 
operating license and contruction permit reviews, interpreted this criterion 
as less than or equal to 25% pf 10 CFR Part 10 values. This specific criterion 
has also been enunciated in position C.3 of Regulatory Guide 1. 17, Rev. 1 for 
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 analyses 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 ·2.1-1 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. l-1 it can be seen that for short decay times, exposure limits could 
be reached by damaging only a few assemblies. 

If the results of Table 2. 1-1 are plotted as shown in Figure 2. 1-1 for PWRs 
and Figure 2. 1-2 for BWR 1 s, time after shutdown can be determined such that if 
a given number of fuel assemblies were damaged, it would not result in excessive 
offsite releases. These Figures may then be used to predict if radiological 
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 conditions 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 specified decay time is defined for the purposes of this 
report as 11 hot11 spent fuel. The above decay times have been incorporated into· 
certain alternatives in the guidelines of Section 5. 1 of this report through 
the definition of 11 hot11 spent fuel. 
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Appl i cabi l i·ty 

The assumptions used in these analyses were selected so as to be bounding for 
nearly all plants, and thus lead to generic conclusions. To rely on these 
analyses for a specific plant, the lic·ensee or applicant should verify that 
the assumptions used adequately scop~ the specifics of the plant. 

If the assumptions are not conservative for the specific plant, or if a more 
accurate analysis 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 fs provided in the spent fuel pool filters, the results 
can be obtained by a ratio of penetrations (i.e. , 1. 0 mi nus the efficiency) 
for both elemental and organic forms of radioactive iodine. 
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PWR 

BWR 

TABLE 2. 1-1 

SUMMARY OF LOAD 

DROP ACCIDENT ANALYSES 

No. of Days Exclusion Radius Oose1/ Low PoEulation Zone 1 Minimum No. of Assy 1 s 
Subcritical Thyroid Whole Body Thyroid Whole Body to Reach 1/4of21 Part 100 Limits -

. , 

4 (no. filters) 173.00 0.61 17.30 0.06 l 

4 Cw/filters) 8.63 0.5 0.86 0.06 9 

40 (no filters) 7.74 0.01 0.77 0.00 12 

40 Cw/filters) 0.39 0.01 0.04 0.00 1. 9 x 102 

54 (no filters) 2.28 0.00 0.23 0.00 33 

54 Cw/filters) 0. 11 0.00 0.01 0.00 5.8 x 102 

90 (no filters) 0. 10 0.00 0.01 0.00 7. 5 x 102 

90 Cw/filters) 0.01 0.00 0.00 0.00 7.5 x 103 

120 (no filters) 0.01 0.00 0.00 0.00 7.5 x 103 

120 Cw/filters) 0.00 0.00 0.00 0.00 7.5 x 103 

1 (no filters -
SBGT) 92.26 0.70 9.23 0.07 l 

1 Cw/filters -
SBGT) 4.61 0.65 0.46 0.07 17 

40 (no filters) 2.67 0.00 0.27 0.00 28 

40 {w/filters) 0. 13 0.00 0.01 0.00 5.8 x 102 

90 (no filters -
1. 9 x l o3 SBGT) 0.04 0.00 0.00 0.00 

90 Cw/filters -
1.6 x 104 SBGT) 0.00 0.00 0.00 0.00 

120 (no filters) 0.00 0.00 0.00 0.00 1. 6 x 104 

120 ( w/ filters) 0.00 0.00 0.00 0.00 1. 6 x 104 

.. !/Dose per fuel assembly damaged (rems). 

g/Number of assemblies that must be damaged to approach (1/4 of) Part 100 exposure 
limits, or 75 rem thyroid and 6.25. rem whole body (at exclusion area boundary). 
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0-2 hour 

0-2 hour 

TABLE 2. 1-2 

HEAVY LOAD DROP ACCIDENT ASSUMPTIONS 

Reactor Type 

Power Level (Mwt) 

X/Q (Exclusion area boundary), sec/M3 

X/Q LPZ, sec/M3 

Peaking Factor 

No. of Assemblies in Core 

Pool Water Decontamination Factor 

Filter Efficiency%: 

Elemental Iodine 

Organic Iodine 

Cooling Time (hours) 

l 1sased on 5% worst meteorological conditions. 

PWR and BWR 

3,000 

l.Oxl0::: 3 .:!_/ 

1. Oxl0-4 .J..I 

1. i?:/ 

193(PWR), 760(BWR) 

100~/ (for radioactive 
iodines) 

95% 

100 or greater 

~/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. 

~1see Reg. Guide 1.25 

i1see Reg. Guide 1.52 
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2.2 Criticality Considerations 

2.2. l Introduction 

In addition to the potential for a dropped load to cause a release of radioactive 
material due to rupture of the fuel clad, the dropped load potentially can 
change the spacing of the fuel lattice as well as the boron concentration. 
This effect could result in a critical mass of fuel in the reactor core or in 
the spent fuel pool. Due to design differences between vendors, most noticeably 
between PWR and BWR vendors, the potential for a load drop to result in fuel 
becoming supercritical varies. The following sections discuss this potential 
for BWR and PWR reactor cores and spent fuel pools. 

2.2.2 Effect of Enrichment, Lattice Spacing and Boron Concentration 

Figures 2.2-1, 2, 3, and 4, based on an infinite lattice study, illustrate the 
effect of enrichment, lattice spa~ing, and boron concentration on k ff" While 
these figures are computed for Westinghouse 15 x 15 fuel, the trend~ shown 
hold for 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 cavit.ies and storage pools. 
The following characteristics of comme.rcial 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 k ff is near the maximum value that can be attained by 
adjusting lattice spac1ng. This can be seen in Figures 2.2-1, 2, 3, and 
4, where the water/uranium ratio is·an indicator of lattice spacing. PWR 
fuel is undermoderated in pure water (lattice spacing chosen to the left 
of the peak) throughout the cycle for both hot and cold conditions. At 
high boron concentrations, PWR fuel is highly overmoderated so that 
decreasing the lattice spacing (i.e., reducing the water/uranium ratio by 
crushing the fuel) increases keff" 

(2) BWR fuel is undermoderated at hot conditions .. throughout the cycle; at 
cold conditions it is undermoderated at beginning-of-cycle and slightly 
overmoderated at end-of-cycle. 

Bec~use of this, decreasing the lattice spacing from its as-built value (i~e., 
reducing the water:uranium ratio by crushing the fuel) in pure water at end of 
cycle will slightly increase k ff (but not above 0.95 due to the low enrichment 
at end-of-cycle), and at beginning of cycle will cause a decrease in keff" 

·Approximate levels of keff for fuels under different conditions are shown in 
Tables 2.2-1, 2, 3, and 4. Acutal numbers may vary somewhat from the numbers 
in these tables d~pending on fuel designi the numbers in thes~ tables are 
meant only to serve as a guide to determine which fuel configurations have a 
potential for criticality r~sulting from a load drop. 

The analyses of Figures 2.2-1, 2, 3, and 4 and Tables 2.2-1, 2, 3, and 4 are 
for an infinite array of fuel pins with no solid boral poison or steel or 
aluminum structural material, which are also neutron poisons. Because 
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TABLE 2.2-1 

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

Boron Concentration (ppm) 
Condition of Fuel and Fuel Rack 

0 1000 2000 3000 4000 

1. Fuel and Fuel Rack Intact 0.40 0.36 0.30 0.20 

2. Fuel Intact 
Or 

Rack Crushed Alternatively 0. 19 0.78 0.64 Q.50 
So That Fuel Condition of 
Bundles Touch Fuel in Cores 

3. Rack and Fuel Crushed 
to Maximize keff 0.99 o_.80 0.74 0.72 

*0.9 w/o is typical enrichment for discharged fuel, and thus is representative of normal spent fuel 
pool conditions, but without boron poison plates. 

5000 



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 

1. Fuel and Fuel Rack Intact 0.80 0.65 0.50 0.35 

2. Fuel Intact 
Or 

Rack Crushed Alternatively 1. 26 1. 07 0.97 0.83 
So That Fuel Condition of 
Bundles Touch Fuel in Cores 

N 
I 3. Rack and Fuel Crushed __, 

-P:> 
to Maximiz~ 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 

l. Fuel and Fuel Rack Intact 0.95 0. 81 0.67 0.53 

2. Fuel Intact 
Or 

Rei.ck Crushed Alternatively l. 40 l. 24. l. 13 l. 02 0.92 0.82 
So That Fuel Condition of 
Bundles Touch Fuel in Cores 

3. Rack and Fuel Crushed 
to Maximize k 

Ct> 
l. 43 l. 24 l. 15 l. 09 l. 01 0.96 

*In the past 3.5 w/o 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. 



N 
I ....... 

O'I 

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 

2. Fuel Intact 
Or 

Rack Crushed Alternatively 1. 15 1. 02 0.92 0.73 
So That Fuel Condition of 
Bundles Touch Fuel in Cores 

3. Rack and Fuel Crushed 
to Maximize k 

00 
1. 19 1. 11 1. 06 1. 01 

*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. 



of 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 poison, these calculations and results 
are very conservative. Line l of these tables is based on the fuel rack 
design basis, and is applicable to all rack designs, 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 ~re~ -f~r 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 BWR assemblies increases during the first part of 
their service life. At maximum reactivity, typically 6 BWR assembl1es 
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 immersed in unborated water, (2) the 
rack is an infinite array in the x-y plane completely fiiled 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 0.95. This computation must ~b~servatively account for all uncertainties. 
Many, but not all, licensees have chosen to account for the uncertainties on a 
95%/95% confidence/probability tolerance limit basis. 

In the past the highest fuel enrichments encountered were as follows: (1) PWR 
fuel enriched to 3.5 w/o U235, and (2) SWR fuel enriched to give a k ff of 
1.35 for an array of adjacent fuel assemblies. However, with the in~roduction 
of new fuel m~nagement schemes, 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 to reflect the actual enrichments used. 

The criticality calculations for rack designs are performed 
of diffusion codes, transport codes, and Monte Carlo codes. 
models are benchmarked against critical\experiments. 

I 

2.2.3.1 Standard Rack Designs 

using combinations 
All/calculational 

The geometrical details of fuel rack designs in use as of this 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 given in Figure 2.2-5-12. Types 1 through 5 are for PWR 
fuel and Types 6 through 11 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. 
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FlGURE 2.2-5-1 TYPE 1 SPENT FUEL RACK - PWR 
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FIGURE 2.2-5-2 TYPE 2 SPENT FUEL RACK - PWR 
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FlGURE 2.2-5-3 TYPE 3 SPENT FUEL RACK - PWR 
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FIGURE 2.2-5-4 TYPE 4 SPENT FUEL RACK - PWR 
THIS ONE-OF-A-KIND RACK IS INSTALLED AT POINT BEACH 
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FIGURE 2.2-5-5 TYPE 5 SPENT FUEL RACK - PWR 
THIS ONE-OF-A-KIND RACK IS INSTALLED AT GINNA 
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Fl.GURE 2.2-5-6 TYPE 6 SPENT FUEL RACK - BWR 
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FIGURE 2.2-5-7 TYPE 7 SPENT FUEL RACK - BWR 
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FlGURE 2.2-5-8 TYPE 8 SPENT FUEL RACK - BWR 

THIS lllt/0-0F-A-KIND RACK IS INSTALLED AT OYSTER CREEK AND NINE MILE POINT 
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FIGURE 2.2-5-9 TYPE 9 SPENT FUEL RACK - BWR 
THIS TWO-OF-A-KIND RACK IS INSTALLED AT DRESDEN 1 AND QUAD CITIES 1 & 2. 
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FLGURE 2.2-5-10 TYPE 10 SPENT FUEL RACK - BWR 
THIS ONE-OF-A-KIND RACK IS INSTALLED AT NINE MlLE POINT 
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FIGURE 2.2-5-11 TYPE 11 SPENT FUEL RACK - BWR 
THIS ONE-OF-A-KlND RACK IS INSTALLED AT COOPER 
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N 
I 

N 
\D 

Fuel 
Assembly 

Steel Aluminum 

FIGURE 2.2-5-12 LEGEND FOR FIGURES 2.2-5-1 THRU 2.2-5-11 

Baral 



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 BWR 
licensees demonstrate for these racks a k ff of about 0.86 for fuel in the 
racks which would have a k ff of 1. 35 in aure water i.n the reactor core lattice 
with the control rods remo8ea. 

BWR spent fuel racks of type 8 and 9, both of which are two-of-a-kind racks, 
and type 10, which is a one-of-a-kind rack depend almost entirely on fuel 
separation to maintain the fuel subcritical, and contain no boral poison. For 
these racks, however, there is some Qeutron absorpti-0n in the steel or aluminium 
of the racks themselves, which aides somewhat 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 ff of the fuel. For racks with boral poison, it seems 
inconceivable tnat any load which might fall on the spent fuel pool would 
separate the fuel from the poison cans and subsequently push the assemblies 
together to form a critical mass. Therefore it appears that postulated load 
drop events would not cause a criticality in a BWR spent fuel pool that uses 
boron plate can type racks. 

For those spent fuel pools which depend on fuel separation to prevent 
criticality, tnat is type 8, 9, and 10 spent fuel racks, the drop of a heavy 
load which crushes the fuel rack would.substantially raise k ff" If several 
highly enriched fuels were stored in the region of the pool Wnere the load is 
dropped, a criticality could result. Additionally, these types of fuel racks 
have separation in only one direction, and hence crushing the rack by a heavy 
load drop is more likely to result in an optimum configuration for increasing 
k ff than racks which have separation in two directions, such as certain PWR 
r~cks. 

2.2.4.3 Potential Criticality of BWR Reactor 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 11 before11 and 11 after11 cases will be discussed separately. 

BWR Technical Specifications typically require that during refueling, with the 
most reactive control rod out of the core, k ff .shall be no greater than 
0.997. During refueling, single control rod~ must be withdrawn, so that a 
k ff of 0.997 actually may occur. However, before and after refueling, when 
t~e heavy loads are carried over the core, all control rods are inserted, and 
k ff is no greater than about 0.96. The k ff of 0.96 would be attained only 
after the core is reloaded. Before reloadTng, keff would be significantly 
less than this, probably no greater than 0.90. 
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After Reload: For this case, k f i~ no greater than about 0.96. Since the 
core is undermoderated, crushin§ the core will decrease k ff" Thus, it appears 
there is no possibility of driving the core critical by crushing it in the 
after-reload case. 

Before Reload: For this case, k ff is no greater than about 0.90. The core 
is overmoderated, but crushing can only increase k ff by a fraction of one 
percent. Thus it is not possible to drive the cor~ tritical by crushing it 
for the before-reload case. 

The reactor is kept subcritical during refueling by the presence of cruciform 
control rods which are inserted from the bottom of the core. If a heavy load 
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 load to drive the rods out of the core is small due to: 
the absorption of energy by deformation of fuel and control rods, more likely 
control rod failure modes than driving rods out of the core, and the catcher 
assembly below the control rod drives. However, information available to 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 

PWR fuel racks are maintained subcritical by employing three mechanisms: 
separation, st~el neutron poison, and boron rieutron 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 
licensing requirement, the refueling water boron concentrations are delineat~d 
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 San 
Onofre Unit No. 1, for which the required.boron concentration is 3750 ppm to. 
4300 ppm boron concentration. 

2.2.5.2 Potential for Criticality in A PWR Spent Fuel Pool 

'lt 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 2.2-2, 3, and 4 that the 1700 ppm to 2300 ppm 
boron concentration normally· maintained in the storage pools may not be adequate 
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 ne~tron absorbing effects of the boral poison in the fuel rack~ 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 drop accident conditions. 
For racks which contairi a large amount of solid neutron absorber, under load 
drop accident conditions we can expect k ff to be significantly lower than is 
indicated by the tables. , e 

It. should be noted that the above c9nclusions 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 substantially lower 
required boron concentrat,ions. 

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 into 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 d'ilution. The potential for damag~-- to the pool liner due to an 
acc~dental load drop is further discussed in Section 2.3. 

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

There are two load 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 
refue 1 i ng water. 

The potential for damage to the reactor vessel due to a load drop is 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 be used to represent effects on 
a reload core. At 2000 ppm, the worst case analyzed here gives a whole core 
k f of 0.99. The control rods, which are in the core during refueling, and 
aft not considered in Table 2.2-2, have a reactivity worth of about 10%. This 
would bring the k f down to _about 0.89. Reload core average enrichments 
range from about ~.6 w/o U235 to 2.4 w/o U235. The difference of 0.4 w/o U235 
has a reactivity worth of, at most, 0.06. This would bring K ff up to approxi
mately 0.95, Thus, assuming about a 5% uncertainty on the abBve analysis, the 
maximum 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. 

The above discussed the potential for criticality using an average core enrich
ment value. However, some higher enrichment assemblies are located in the 
core. It appears unlikely that crushing the more highly enriched assemblies 
located around the perimeter of the core (i.e., 3.5 w/o) could result in a 
localized criticality. The cores are always---des-tyned-to-p-rodl.fce a flat power 
distrbution, with the highly enriched assemblies placed in positions where the 
neutron leakage is high. In fact, because of this leakage, the highly enriched 
fresh fuel assemblies are normally the low power assemblies in the core. In 
Tables 2.2-2 and 2.2-3, it can be seen that for both the core average assemblies 
and the 3.5 w/o U-235 assemblies, optimal crushing increases the reactivity by 
about 2%. Thus, crushing is not expe~ted to drive the local k ff in the 
highly enriched assemblies significantly above the keff for th~ whole core. 

2.2.6 Synopsis of Potential Criticality Situations 

In the previous paragraphs we have discussed the potential for criticality in 
the event of a heavy load drop in some detail. We will here give a summary of 
these findings. 

For the following cases there appears to be no potential for criticality due 
to a heavy load drop: 

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

drive the control rods out of the core. 
(3) A BWR 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 contained non-spent fuel. 
(Note: All 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 control rods 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 separation to maintain the fuel subcritical. This would only be a 
problem if they were crushed and ·if they contained non-spent fuel such as 
an off-load core. 
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2.3 Safe Shutdown Equipment 

Loads may be carried in the area of safe shutdown equipment when the plant is 
operating. If these loads experienced uncontrolled movement or were dropped 
on safe shutdown equipment, 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 unlo_aded and hoisted from grade elevation vertically 
90 feet (27 m) to the refueling floor level. If a •!two-bl ocki ng 11 event were 
to occur during this lift, a load drop in excess of 90 feet (27 m) could 
result. At some BWR 1s, this cask lift 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 
acknowledged the intervening floor can not withstand a cask drop from such an 
elevation. The exact equipment that may be damaged in such a 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, safe shutdown could generally be effected using 
equipment from the alternate or redundant shutdown path. 

The potential for load drops to damage equipment from both safe shutdown paths 
will depend on plant layout and potential load paths. However, for most, 
plants, redundant or dual equipment is already well separated due to other 
safety concerns such as protection against flooding, missiles, pipe whip, 
electrical faulting, 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 put still within the path of a falling load. 

Pool and Vessel Water Inventory 

The reactor vessel head may weigh 55-165 tons (50,000-150,000 kg) and may be 
·hoisted 20-50 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 typically supported by the vessel nozzles and refueling 
takes place when the vessel is cold and possibly below the NOTT (nil-ductility 
transition temperature; i.e., part of the vessel is in the brittle fracture 
range), a load drop having sufficient kinetic energy may potentially 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 possible 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 postulated 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 damage to the spent fuel pool liner and structure, 
causing leakage of inventory. Excessive leakage 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 ~ubmitted 
various details related to load han~ling operations at their facilities. This 
information included: 

(1) Identification of heavy loads and frequency of movement over or near 
spent fuel in the storage pool or fuel in the reactor; 

(2) Identification of load paths normally followed iil handling these heavy 
loads; 

(3) Description 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 lo~d 

drop, such as a single-failure-proof crane; 
(6) Identification of certain safety systems over which heavy loads may be 

handled; and 
(7). Identification of conformance to Regulatory Guide 1. 13, namely whether a 

single failure proof crane is provided, the spent fuel pool is designed 
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 
th_e types of heavy loads that are handled and· the measures al ready in effect 
which prevent, or mitigate the consequences of, accidental load drops. 

In general, information in this Section does not include. plants in the Systematic 
Eva-1 uation Program (SEP) because at the time this generic 1 etter was sent to 
licensees, the staff was planning to have the SEP Program resolve 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, in~luding 
SEP plants. 

3.1 Heavy Loads 

Information submitted by 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. 1 ·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 ·number of heavy loads that may be carried in 
proximity, to spent.Jue 1 • but for many p 1 ants~ heavy 1 oads need not 
be brought over spent fuel in the pool. This means that measures, 
such as the installation of mechanical stops or electrical int~rlocks, 

. 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 gates may have to be brought over or near the ~pent fuel pool, 
although not over spent fuel. 

(c) . Certain plants may have to bring heavy loads over or in proximity to 
spent fuel~ 
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TABLE 3. 1-1 

SURVEY OF HEAVY LOADS 

Over (O) or Only 
Proximity (P) to Approx. 11 Frequency 

Area Loads Handled Fuel Weight - Handled 

l. PWR - Refueling 1. Spent Fuel Shipping Cask (P) 15-110 Tons 2/ 

Building (13-100,000 kg) 
2. Pool Divider Gates (some plants) (P) 2 Tons 2-4 x 1 s (per 

(1800 kg) refueling) 

3. Fuel Transfer Canal Door (P) 2 Tons 2-4 x 1 s (per 
(1800 kg) refueling) 

4. Missile Shields (P) 4-.20 Tons 2 x 1 s (per 
(4-19,000 kg) refueling) 

w 
I 5. Irradiated Specimen Shipping (P) 3.5-12 Tons Once per year to N 

Cask (3-11 '000 kg) once per 10 years 

6. Plant Equipment (some plants) (0) 2-4 Tons As requi.red for 
(e.g., pumps, motors, valves, (1800-3600 kg) modification or 
heat exchangers, etc.) replacement 

7. Spent resin, filter, or other (P) 5-37 Tons ~ 5 x 1 s per year 
radioactive material shipping (4500-33,009 kg) 
casks 

8. New fuel shipping containers (P) 3-4 Tons 3/ 

with fuel (usually 4 assemblies) (2700-3300 kg) 

9. Failed Fuel Container (O) l Ton Less than once 
(900 kg) per refueling 



TABLE 3. 1-1 (Continued) 

Over (0) or Only 
Proximity (P) to Approx. 11 Frequency 

Area Loads Handled Fuel Weight - Handled 

1. (cont.) 10. Fuel transfer carriage (O) or (P) 1.5 Tons Only for main-
(1300 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 Vessel Head (0) 55-165 Tons 2 x 1 s (per 
Building (50-150,000 kg) refueling) 

2. Upper Internals (0) 25-65 Tons 2 x1 s (per 
(23-33,000 kg) refueling) 

w 
I 3. In-Service Inspection Tool '(0) 4.5 Tons wsed at least once w 

(4,000 kg) every three years 
< 

' 4. Reactor Coolant Pump (P) 30-40 Tons 4-10 x 1 s over 
(27-36,000 kg) life of plant 

5. Missile Shields (P) 10.;,20 Tons 2 x 1 s (per 
(9-18,000 kg) refueling) 

6. Crane Load Block (0) 4-10 Tons 1/ 

( 4-9, 000 kg) 

3. BWR-- Reactor 1. Missile or Shield Plugs (6-12) (P) 15-125 Tons 2 x 1 s (per 
Building (13-112,000 kg) refueling) 

2. Drywell Head (P) 45-85 Tons 2 x 1 s (per 
(40-77,000 kg) refueling) 



TABLE 3. 1-1 (Continued) 

Over '(0) or Only 
Proximity (P) to Approx. 11 Frequency 

Area Loads Handled Fuel Weight - Handled 

3. (cont.) 3. Reactor Vessel Head (O) (Over 45-96 Tons 2 x 1 s (per 
reactor) (40-86,000 kg) refueling) 

4. Steam Dryers~/ (O) (Over 20-40 Tons 2 x 1 s (per 
reactor) (18-36,000 kg) refueling) 

5. Moisture Separators~/ (0) (Over 20-75 Tons 2 x 1 s (per 
reactor) (18-68,000 kg) refueling) 

6. 'Spent Fue 1 Poo 1 Gates (0) (Over · 2-6 Tons 2 x 1 s (per 
spent fuel (1800-5,000 kg) refueling) 

w 
pool) 

I 
~ 7. Dryer/Separator Storage Pit (P) 75 Tons 2 x 1 s (per 

Shield Plugs (some plqnts) (68,000 kg) refueling) 

8. Refueling Slot Plugs (O) (Over 2-6 Tons 2 x 1 s {per 
spent fuel (1800-5400 kg) refueling) 
pool) 

9. Spent Fuel Shipping Cask (O) (Over 15-110 Tons 4/ 

spent fuel (14-99,000 kg) 
pool) 

10. Vessel Service Platform (O) 1-5 Tons 5-10 x 1 s (per 
(900-4500 kg) refueling) 

11. Waste and Debris Shipping - (O) (Over 8-30 Tons 1-3 x's (per 
Casks reactor and/ (7-27,000 kg) year) 

or spent fue 1 
pool) 



TABLE 3. 1-1 (Continued) 

Over (0) or Only 
Proximity (P) to Approx. 11 

Frequency 
Ar.ea Loads Handled Fuel Weight - Handled 

3. (cont.) 12. Vessel Head Insulation (P) 4-6 Tons 2 x 1 s (per 
(4-5,000 kg) refueling) 

13. Replacement Fuel Storage (0) (Over 8 Tons On i nsta 11 at ion 
Racks for Spent Fuel spent fuel) (7,000 kg) 

14. Crane Load Block (O) 4-10 Tons 1/ 

(4-9,000 kg) 

15. Plant Equipment (0) (Over 1 Ton 
safety equip.) (900 kg) 

w 4. Other Plant 1. Spent Fuel Shipping Casks (0) (Over 15-110 Tons '?:_/, ~/ 
I Areas (some plants) safety equip- (14-99,000 kg) c.n 

ment) 

2. .Turbine or other equipment (O) (Over) 2-150 Tons As required 
in turbine building (some safety equip- (2-135,000 kg) for equipment 
plants) ment) , overhau 1 and 

replacement 

3. Other plant equipment (pumps, (0) (Over 1-30 Tons As required for 
motors, va 1 ves, 'heat exchangers, safety equip- (1-27,000 kg) equipment overhaul 
etc.) ment) and replacement 

L_ __ 



1/ 

21 

4/ 

5/ 

TABLE 3. 1-1 

FOOTNOTES 

Listed weight for loads does not include weight of load 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 
load, or is being used with a lighter load. 

These are presently not being used at most plants. However, once offsite 
waste repositories are established, casks will be used frequently for 
shipping spent fuel off site. For a typical 1 ,000 MWe pressurized water 
reactor, spent fuel casks must be shipped offsite from 7 to 65 times per 
year depending 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 usually require 16 or 17 new fuel 
containers (four fuel assemblies each) per year. 

These are presently not being used at most plants. However, once offsite 
waste repositories are established, casks will be used frequently for 
shipping spent fuel offsite. For a typical 1,000 MWe boiling water 
reactor, spent fuel casks must be shipped offsite from 12 to 125 times 
per year depending on the size cask used. This is based on casks currently 
licensed for use in the United States. 

Due to certain dimensional restrictions, for most BWR 1 s it would not be 
possible to drop the dryers or moisture separators onto fuel in the 
reactor core'. 
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(2) PWR - ~ontainment Building 

(a) All plants have to carry the reactor vessel head and vessel internals 
over the reactor vessel and core. Further, periodically other , 
i nspectiOn or maintenance eq.uipment wi 11 be handled over the reactor 
vessel. 

(b) Certain other loads would normally be carried in proximity to the 
reactor, and if properly controlled, 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 head, steam dryers, and moisture separators 
that would have to be moved over or in close proximity to the reactor 
vessel and core. Further, other inspection and maintenance equipment 
will be periodically handled pver the reactor vessel. 

(b) Certain heavy loads at most p1ants would have to be brought.over the 
spent fuel pool but not over spent fuel if properly handled, such as 
refueling slot plugs, spent fuel pool gates, spent fuel shipping 
cask, and· shielded radioactive waste and debris shipping casks. 

(c) There are a number of loads that would normally be carried in proximity 
to.the reactor vessel and spent fuel pool. If properly handled, 
these would not be moved over or in close proximity to fuel in the 
core or in the spent fuel pool. 

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

(4) Other Plant Areas 

There are a number of heavy loads which, if not properly contro'l led, 
could be brought over safe shutdown equipment. 

Additionally, once offsite waste repositories are established,. there will be 
frequent handling of spent fuel shipping casks. The frequency will depend on 
the size of the plant and the size shipping cask to be used. Because of this, 
the frequency of movement could vary from only five to over 100 shipments per 
year. It should be noted that if one of the larger casks were used by a 
certain facility, this would mean fewer offsite shipments; however, due to the 
larger size of the cask, the destructive forces developed by a postulated load 
drop may result in more damage to fuel assemblies as well as to safe shutdown 
equipment. The size of cask that may be used will also be limited by crane 
capacity, rail capacity serving the facility, and physical space available for 
movement of the cask. 

3.2 Present Protection 

The types of measures presently provided at operating plants to prevent or 
mitigate the consequences of accidental load drops varies considerably. The 
following sections describe the results of our survey of licensee information 
to identify such :measures. 
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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 from 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 plants 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, 
sucry 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 
just the crane load block without a load. Therefore, a specification that 
restricts movement of only the cask is not adequate to restrict other heavy· 
loads from being carried av.er fuel assemblies in the storage pool. 

3.2.2 Load Handling Procedures 

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

Additionally, very few plants (3 out of 54) have procedures related to 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 PWRs had its own individual polar crane to serve the 
reactor vessel within containment. By sharing the rectilinear cranes between 
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 rectili.near 
cranes were installed at the 36 PWR reactors for handling heavy loads over or 
near the reactor vess~l or storage pool. Due to the difference in plant 
layout at the 18 BWR reactors, one rectilinear crane is capable of servicing 
both th~ reactor ~essel and associated spent fuel pool. Further, at one BWR 
site, one rectilinear 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 a11d associated spent fuel pools. 
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 questionnaire was sent out. Consequently, 
the 15 rectilinear cranes actually served the load handling requirements of 
20 reactors and associated pools. 
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TABLE 3.2-1 

TECHNICAL SPECIFICATIONS PROHIBITING 
HEAVY LOADS OVER STORAGE POOL 

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

Big Rock Point 
Browns Ferry l - 3 

Cooper 

Dresden 
Dresden 2 and 3 
Duane Arnold 
Ft. Calhoun 

FitzPatrick 
H. B. Robinson 
Hatch l 
Haddam Neck 
Indian Point 2 
Mi 11 stone l 
Monticello 
Nine Mile Point 
Oyster Creek 
Palisades 
Pilgrim 
Maine Yankee 
Quad Cities l and 2 
Turkey.Point 3 and 4. 
Vermont Yankee 

-NOTES 

single-failure-proof crane 

Limit switches to·prevent 
travel over spent fuel 

single-failure-proof cranel/ 

electric interlocks to prevent 
travel over spent fuel 

single-failure-proof crane 
single-failure-proof crane 

1/ 
l/ 
l/ 

single-failure-proof crane 
single-failure-proof crane 

l/ single-failure-proof crane-

single-failure-proof cranel1 

l 1rhese facilities have technical specifications that prohibit handling 
of the spent fuel cask over the spent fuel pool, but do not prohibit 
heavy loads qther than the cask from being brought over spent fuel. 
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2. 

3. 

4. 

5. 

TABLE 3.2-2 

SURVEY OF PROCEDURES IN EFFECT 
RELATED TO CONTROL OF HEAVY LOADS 

PLANTS WHICH 
HAVE SUCH 

PROCEDUREs.J./ 

Procedures on crane operation 34 

Refueling procedures 30 

Movement of reactor components 27 
during or prior to refueling 

Cask handling operations 22 

Crane operator training 3 

PLANTS WHICH 
APPARENTLY 

DO NOT 
HAVE SUCH 
PROCEDURES~/ 

20 

24 

27 

32 

51 

l 11n some cases procedures were not submitted, but were referenced by. title 
and/or description. 

~/Information provided by licensees did not indicate that such procedures 
were in use. 

3-10 



Our review shows, as indicated in Table 3.2-3, that the intent of NUREG-0554, 
11 Single-Fail11re-Proof Cranes for Nuclear Power Plants, 11 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 rectilinear cranes. (At one site 
where the rectilinear crane served 3 reactors, the utility made crane 
modifications in order to make it single-failure-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 areas of 51 of the 54 operating plants included in the 
survey are enclosed, exhausted through charcoal filters, and have ventilation 
systems that maintain the area at a lower 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. 

Approximately one-half of the operating plants have spent fuel pools that are 
designed for their assumed cask drop, so that leakage that may result from a 
cask drop 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 drDpping 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 1 s review of the containment purge system; the balance of 
the PWRs will have this capability, although it may not be automatic during 
the refueling mode. (See 11 Containment Building-PWR11 Guidelines, Section 5.1.3.) 

According to licensee responses, 39 of 54 operating plants have a spent fuel 
pool that is apparent-ly designed to comply with Regulatory Guide 1. 13. This 
means that such plants either have a single failure proof crane, a pool designed 
to withstand a cask drop without experienceing excessive leakage, electrical 
interlocks to prevent heavy loads from being carried over the spent fuel pool, 
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TABLE 3.2-3 

CRANES SATISFYING INTENT OF 
NUREG' 0554-SINGLE FAILURE PROOF CRANE.}/ 

Satisfy NUREG-0554 
# Plants # Cranes 

Do Not Satisfy NUREG-0554 
# Plants # Cranes 

PWR: 

BWR: 

Containment Polar Crane 
Refueling Building Crane 

Reactor Building Crane 

0 
2 

13 

0 
·2 

10 

362/ 
34-

5~/ 

362/ 
24-

5~/ 

l 1
Fifty-four (54) reactors were covered in the survey. Not included were eleven (11) 
SEP ~lants, two (2) plants indefinitely out of service, two (2) plants which were 
recently licensed, and Ft. St. Vrai'n which is a Gas-Cooled Reactor and the survey 
was limited to water reactors (there were 70 plants licensed to operate as of 
September 1979). 

~/However, licensees of 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. · 

~/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 LOAosl1 

Containment (Spent Fuel Pool Area) 

Charcoal Filters (Spent Fuel Pool Area) 

Pool Designed for Their Assumed Cask.Drop 

Containment Isolation on High 

Radiation (PWR) 

Comp1 i_ance with Regulatory 

Gui de l. 13 

PLANTS THAT 

HAVE THIS 

DESIGN FEATURE 

51 

51 

26 

39 

l 1Exclusive of crane features covered by Table 3.2-3. 

PLANTS WITHOUT 

THIS 

DESIGN FEATURE 

3 

3 

28 

20 

15 

~1PWR plants that have rapid containment isolation on high radiation: 

D.C. Cook l & 2 . Prairie Island l & 2 

Ft. Calhoun 

Farley 
Maine Yankee 

North Anna 1 
Point Beach 1 & 2 

3-l.3 

Rancho Seco 
Salem l 
Turkey Point 3 & 4 

Zion 1 & 2 



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 unacceptable. ·All operating plants i.ncluded 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 twenty-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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Cask drop damage to fuel 

Fuel handling accident 

TABLE 3.3-1 

SURVEY OF LICENSEE 
ANALYSES RELATED TO 

CONTROL OF HEAVY LOADS 

PLANTS THAT 
HAVE PERFORMED 
THESE ANALYSES 

5 

Potential for drop to cause criticality 

~lenum assembly or reactor head drop 

54 

3.!I 

6 

PLANTS THAT HAVE 
NOT PERFORMED 
THESE ANALYSES 

49fl 

0 

51 

48 

l/These analyses only considered potential for a drop to cause criticality in 
the spent fuel pool, but not in the reactor. 

f 1However, some of these plants have separate cask loading areas and would not 
require carrying of the cask over the spent fuel pool. 
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4. REVIEW Of HISTORICAL DATA ON CRANE OPERATIONS 

A variety of industrial type cranes and hoists have been in widespread use for 
many years to handle loads of greater than one ton (900 kg). ·They include 
chain falls, cab~e 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 dr9pping the load, per 
lift). 

Typically~ crane events that result in significant property damage or personnel 
inJury are reported to insurance companies. However, not all 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 data was obtained from the Occupational Safety and Health 
Adm'inistrat1on, 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 on 
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 collected by OSHA. A 
review of this data indicates that:, 

(1) The greatest contributor to crane accidents are crane operator errors 
(Categories B, C, and F) which accounted for 42% of all accidents. 
Improved operator trainfog and qualification and use of operating 
procedures 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 l oa.ds with s 1 i ngs and periodic inspection 
of the lifting devices would reduce the frequency of this type of failure. 
This would also reduce frequency of Category E events (overloading). 

(3) Crane component failures (14% - ·16%, if we consider a portion of Category G 
events) also led to many of the accidents. Improved maintenance and 
inspection would reduce the uccurrence of Category D and G events 
(equipment failures, inadequate inspection and maintenance, and other 
various causes). 
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TABLE 4-1 

DATA ON CRANE ACCIDENTS 

FROM OSHA1/ RECORDS 

The following is a statistical summary of major crane accident causes based 
on an analysis-of over 1,000 crane accidents involv1ng damage to equipment: 

CAUSE CATEGORY 

A. Loss of load due to poor rigging or slings 

B. Performing minor maintenance, inspection, or 
unrelated work while load is in motion 

C. Operating crane without authorization or 
proper signals 

0. ·Failure of defective boom, cable, or sheaves 

E. Failure due to overloading 

F. Handling load too near stationary equipment 

G. Other causes (including failures of control 
systems and inadequate inspection or 
maintenance) 

11occupational Safety and Health Administration 
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PERCENTAGE 

34 

22 

18 

14 

4 

2 
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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 number of cranes and hoists in use. 

Similarly, an exact accounting of the number of lifts per year made by each 
crane was not available. The frequency of usage varies greatly; where a few 
cranes may 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 l,250 times per year, excluding 
weekends and holidays). It is bel1eved that an average number of lifts per 
crane is probably between 2 and 10 times per week (or approximately 100 to 
500 lifts per year). 

Using the above, we estimate that there are between 2.5 x 105 and 1.5 x 106 

lifts 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 potential load drop events occurred between February 1974 
and October 1977. However, 31 of these events took place from January 1977 to 
October 1977 (10 months). (Only 14 of the 45 events occurred in 1974 through 
1976. This is due to changes in the number of facilities and vessels cov~red 
in the reporting system.) The 31 events over 10 months is equivaient to 
approximately 37 events per year. 

If we assume that somewhere between all and 1/2 of all events are being reported, 
then load drop or potential load drop 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 lifts per year, we can obtain a conservative estimate of probability 
of load drop per lift: 

P (load drop) = No. of load drops per year = Q 
No. of lifts per year L 

Where 37 < D < 74, with a midpoint of 55.5; and 2.5 x 105 < L < 1.5 x 106 , 

with a midpoint of 8.75 x 105 . 

Therefore, 2.5 ( 105 ~ P (load drop)< 3 x 104 with a midpoint of 2.7 x 105 . 
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TABLE 4-2 

CAUSES OF CRANE ACCIDENTS 

· DEPARTMENT OF THE NAVY 

(February 1974 - October 1977) 

CAUSE 
CATEGORY 

NO. OF LOAD 
DROP OR .. POTENTIAL 

TOTAL NUMBER OF 
CRANE EVENTS RESULTING 

IN EQUIPMENT DAMAGE LOAD DROP EVENTS % OF TOTAL 

1. Crane Fail-
ure 10 23% 17 

(Design 
Error) (1) (2.3%) (2) 

(Maintenance 
Personnel) (2) (4.6%) (2) 

(Crane Com-
ponent 
Failure) (7) (16.3%) (13) 

2. Crane Operator 
301/ Error 70% . 54 

(Distraction/ 
Inattention) (11) (26%) (24) 

(Inadequate 
Training) (8) (18%) (13) 

(Failed To 
Follow Proper 
Precautions/ 
Procedures) (11) ·,. (26%) (17) 

3. Rigging 3 7% 3 
(Rigger) (3) (7%) (3) 
{Rigging) (0) (0). (0) 

Totals: 43 74 

% OF TOTAL 

23% 

(3%) 

(3%) 

(17%) 

73% 

(32%) 

(19%) 

(23%) 

4%-
{4%) 
(O) 

11 15 (50%) of these events occurred when the crane or hoist was left in the 
11 raise 11 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 
11 rai_se 11 mode or inadvertently raising the lower load block up to or near 
the upper load bloc;:k ( 11 two-blocking11 or nearly 11 two-blocking11

). 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 thorough 

. inspections as well as application of single-failure-proof features would 
· greatly reduce the frequency of random material failures. 

In terms of applicability to nuclear facilities, there are four areas that can 
be compared: operator trainif1_9 anc:f_ g_y~JjJi.cation., ... procedura-1 contro-ls-, "Complexity 
of equipment-operation, an(f design of equipment. Navy crane 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 actual failure rates of 
cranes in nuclear facilities would be lower than the estimates arrived at 
above using data from the Navy, once the guidelines of Section 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 periods. 

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

These events involved a partial drop of the reactor vessel head without impacting 
any object (15 inches); a 3 inch drop of the reactor vessel head on the vessel 
flange; drop of a core barrel and internals (6 feet); damage to fuel during 
refueling; damage to nearby equipment by crane hook; dropping 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 
radioactivity 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 1969 - July 1979) 

Cause Category No. of Events Percentage 

A. Failure during pl ant construction 
phase 2 6 

B. Failure due to design or fabrication 
errors 9 26 

c. Failure due to lack of adequate 
inspection 2 6 

D. Failure due to operator error or 
lack of training 8 24 

E. Failure due to random mechanical 
component failures 5 15 

F. Failure due to random failures of 
control system components 3 9 

G. Events due to lack of- operating 
procedures 4 12 

H. Events due td crane oy~rloading 
(including load hangup) l 3 

Total ~ 
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Load drops that resulted in damage to concrete structures occurred only in two 
Category A incidents. Another heavy load drop occurred when an upper hoist 
travel limit $Witch failed on a polar crane resulting in the wire rope rubbing 
against a beam and 11 two-blocking 11 with subsequent wire rope failure and dropping 
of the empty load block and hook to the floor (part of Category F). A test 
load drop occurred as a result of improper hook selection; no damage incurred. 

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

Operator errors, Category D, also occurred quite frequently. Improved training 
may reduce this frequency; however, influence of the human element in this 
case may continue to 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 been designed, constructed 
and tested in accordance 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 H (overloading) incident did not result in any adverse condition; 
an overload sensing device stopped the hoisting motion before the ultimate 
strength of the wire rope had been exceeded. 
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5. GUIDELrNES FOR CONTROL OF HEAVY LOADS 

Our eva l uat fon of the information provi.ded 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 error~, 
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 h.ave single-failure-proof cranes, some PWR 1 s have rapid 
containment 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 effect 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 o~ 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 limits qf 
300 rem thyroid, 25 rem .whole body (analyses should show that doses are 
equal to or less than 1/4 of Part 100 limits); 

II. Damage to fuel and fuel storage racks based on calculations involving 
accidental dropping of a postulated heavy load does not result in a 
configuration of the fuel such that keff is larger than 0.95; 

III. Damage to the reactor vessel or the spent fuel pool based on calculations 
of damage fo 11 owing acci denta 1 dropping of a postulated heavy load is 
limited so as not to result in water leakage that could uncover the fuel, 
(makeup water provided to overcome leakage. should be from a borated 
source of adequate concentration if the water being lost is borated); and 

IV. 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 
fun-ct ions. 

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 p_lants, 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 accidental load drops. The. 
following summarizes this defense-in-depth approach: 
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(1) Provide sufficient operator training, handling system design, load handling 
instructions, and equipment inspection to assure reliable operation of 
the handling system; and 

(2) Define safe load travel paths· through procedures and operator 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 proximity to equipment associated 
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 includ~: increasing crane reliability by providing dual 
load-paths for certain components, increased safety factors, and -increased 
inspection as discussed in Section 5.1.6 of this report; restricting crane 
operations in the spent fuel pool 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 
acceptable limits. Even ff one of these alternative measures is ~elected, (1) 
and (2) above should still be satisfied to provide maximum practical defense
in-depth. 

The following 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 General 

All plants have overhead handling systems 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 other areas where their accidental drop 
may damage safe shutdown systems. Accordingly, all plants should satisfy each 
of the following for handling heavy loads that could be brought in proximity 
to or over safe shutdown equipment or irradiated fuel in the spent fuel pool 
area and in containment (PWRs), in the reactor building (BWRs), and in other 
plant areas. 

(1) Safe load paths should be defined for the movement of heavy loads to 
minimize the potential for heavy leads, if dropped, to impact irradiated 
fuel in the reactor vessel and in the spent fuel pool, or to impact safe 
shutdown equipment. The path should follow, to the extent practical, 
structural floor members, bepms, 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 defin~d load paths should require written alternative 
procedures approved by the plant safety review committee. 
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(2) Procedures should be developed to cover load handling operations for 
heavy loads that are or could be handled over or in proximity to irradiated 
fuel or safe shutdown equipment. At a minimum, procedures should cover 
handling 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; defining 
the safe load path; and other special precautions. 

(3) Crane operators should be trained; qualified and conduct themselves in 
accordance with Chapter 2-3 of ANSI 830.2-1976, 11 0verhead and Gantry 
Cranes. 11 

(4) Special lifting devices should. satisfy the.guidelines of ANSI Nl4.6-1978, 
11 Standard for Spetial Lifting Devices for Shipping Containers Weighing 
10,000 pounds (4500 kg) or More for Nuclear Materials. 11 This standard 
should apply to all special lifting devices which carry heavy loads in 
areas as defined above. For operating plants certain inspections and 
load tests may be accepted in lieu of certain material requirements in 
the standard. In addition, the stress design factor stated in 
Section 3~2. 1. l of ANSI N14.6 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 of the guideline in Section 3.2.1:1 of ANSI Nl4.6 which bases the 
stress design factor on only the weight (static load) of the load and of 
the intervening components of the special handling device. 

(5). Lifting devices that are not specially designed should.be installed and 
used in accordance with the guidelines of ANSI 830.9-1971, 11 Slings. 11 

However, in selecting the proper sling, the load used should be the sum 
of the static and maximum dynamic load.* The rating identified on the 
sling should be in terms of the 11 static load11 which produces the maximum 
static and dynamic load. ·Where this restricts slings to use on only 
certain cranes, the slings should be clearly marked as to the cranes with 
which they may be u~~~· 

(6) The crane should be inspected, tested, and maintained in accordance with 
Chapter 2-2 of ANSI 830.2-1976, 11 0verhead and Gantry Cranes, 11 with the 
exception that tests and inspections should be performed prior to use 
where it is not practical to meet the frequencies of ANSI 830.2 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 830.2, however, calls for certain inspections to be 
performed daily or monthly. For such cranes having limited usage, the 
inspections, tests, and maintenance should be performed prior to their 
us~.) 

* For the purpose of selecting the proper sling, loads imposed by the SSE need 
not be included in the dynamic loads imposed on the sling or lifting device. 
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(7) The crane should be designed to meet the applicable criteria and guide
lines of Chapter 2-1 of ANSI 830.2-1976, "Overhead and Gantry Cranes 11 and 
of CMAA-70, 11 Specifications for Electric Overhead Travelling Cranes. 11 An 
alternative to a specification in ANSI 830.2 or CMAA-70 may be accepted 
in lieu of specific compliance if the intent of the specification is 
satisfiecj. 

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 5.1.6 of this· report. 

OR 
(2) Each of the following is provided: 

(a) Mechanical 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 11 hot 11 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 op~rational prior 
to placing 11 hot 11 spent fuel in the pool. 

(b) The mechanical stops or electrical interlocks of 5. l.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 
o~ 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 fioor 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 load drop could 
damage equipment from redundant or alternate safe shutdown paths. 

(e) Analyses should conform to the guidelines of Appendix A. 
OR · 

(3) Each of the following are provided (Note: This alternative is simlar to 
(a) above, except it allows movement of a heavy load, such as a cask, 
into the pool while it contains 11 hot 11 spent fuel if the pool is large 
enough to maintain wide separation between the load and the 11 hot 11 spent 
fuel.): · 
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(a) 1~Hot11 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 ove~head crane load block over or within 
25 feet horizontal C7 .. 5 m) of the 11 hot11 _spent fuel. To the extent 
practical, loads should ~e moved over load paths that avoid the 
spent fuel pool and kept at least 25 feet (7.5 m) from the 11 hot11 

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 io 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 11 hot 11 

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 de1i1onstrated '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 conform 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 
analyses 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 equipment 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. Due 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. l are met for load handling operations in the 
containment building, in addition to satisfying the general guidelines of 
Section 5.1.l, one of the following shouJd be satisfied: 

(1) The crane and associated lifting 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 prompt automatic actuation 
on high radiation so that postulated releases are within limits of ev.aluation 
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. l are satisfied for postulated load 
drops in this area. These analyses should conform to the guidelines of 
Appendix A. 

OR 
'(3) The effects of drops of heavy~loads should be analyzed and shown to 

satisfy the evaluation criteria of Section 5. 1. Loads analyzed should 
include the following: reactor vessel head; upper vesse) 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 conform to the guidelines of Appendix A. 

5. 1.4 Reactor Building - BWR 

The reactor building in BWRs typically contains the reactor vessel and spent 
fuel pool, as well as various safety-related equipment. 

The reactor building overhead crane may be used in many day-to-day operations 
sµch as moving various shielded shipping casks or handling plant equipment 
related to maintenance or modification activities. The crane is also used 
during refueling operations for r~moval and reinstallation 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 load block may be 
moved over fuel in the reactor or over the spent fuel pool when handling 
smaller loads 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. l are satisfied one of the 
following should be met in addition to satisfying the general guidelines of 
Section 5. 1. 1: 

(1) 

(2) 

!he reactor building crane, and associated lifting devices used for 
handling the above heavy loads, should satisfy the single-failure-proof 
guidelines of Section 5. 1.6 of this report. 

OR , 
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 loads 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 

5-6 



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 sh.utdown equipment at some plants 
include the spent fuel shipping cask, turbine genera~or parts 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) If safe 1shutdown equipment are beneath or directly adjacent to a potential 
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. l. 1: 

(a) The crane and associated lifting devices should conform 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 prevent movement 
of loads in proximity to these redundant or dual safe shutdown 
equipment (In this case credit should not be taken for intervening 
floors unless justified by analysis). 

OR 
(c) The effects of load dropS-have been analyzed and the results indicate 

that damage to safe shutdown equipment would not preclude operation 
of sufficient 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 equipment. 

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 lifting devices may be 
chosen. The purpose of the upgrading is to improve the reliability 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, 11 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, 11 Modification of Existing 
Cranes, 11 provides guidelines on implementation of NUREG-0554 for operating 
plants and plants under construction. 
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Section 5. 1. l of this report provides certain guidance on slings and special 
handling devices. Where the alternative is chosen of upgrading the handling 
system to be 11 single-failure-proof11

j then steps beyond the general guidelines 
of Section 5. 1. 1 should be taken. 

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

(1) 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 Nl4.6 1978, 
11 Standard For Special Lifting Devices for Shipping Containers Weighing 
10,000 Pounds (4500 kg) or More For Nuclear Materials, 11 as specified 
in Section 5. 1. 1(4) of this report except that the handling device 
should also comply with Section 6 of ANSI Nl4.6-1978. If only a 
si_ngle 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 830. 9 - 1971, "Sl ings 11 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 lifting devices such that a 
single component failure or malfunction in the sling will not 
result in uncontrolled lowering of the load; 

OR 
(ii) In selecting the proper sling, the load used should be twice 

what is called for in meeting Section 5. 1. 1(5) of this report. 

(2) New cranes should be designed to meet NUREG-0554, 11 Single-Failure-Proof 
C~anes 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. 

(3) Interfacing lift points such as lifting lugs or cask trunions should also 
meet one of the following for heavy loads handled in the area where the 
crane is to be upgraded unless the effects of a drop of the particular 
load have been evaluated and shown to s·atisfy the evaluation criteria of 
Section 5. 1: 

(a) Provide redundancy or duality such.that a single -lift point failure 
will not result in uncontrolled lowering of the load; lift points 
should have a design safety factor with respect to ultimate strength 
of five (5) times the maximum combined concurrent static and dynamic· 
load after taking the single lift point failure. 

OR 
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(b) A non-redundant or non-dual lift point system should have a design 
safety factor of ten (10) times the maximum combined concurrent 
static and dynamic load. 

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 equipment 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. l are met. 

As noted in S~ction 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. l 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 qrops 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 lifting devices, crane inspection 
and well defined procedures, which were principal causes of load drop or 
handling accidents. Additionally, ANSI 830.2 11 0verhead and Gantry Cranes, 11 

ANSI 830.9, 11 Slings, 11 and ANSI 830.10, 11 Hooks 11 note the following: "The use 
of cranes, derricks, hoists, jacks and slings is subject to certain hazards 
that cannot be met by mechanical means, but only by the exerci.se of intelligence, 
care and common sense. It is therefore essential to have competent and careful 
operators, physically and mentally fit, thoroughly trained to the safe operation 
of the equipment and the handling of the loads. Serious hazards are overloading, 
dropping or slipping of the load caused by improper hitching or slinging, 
obstruction to the free passage of the load, or using equipment for a purpo·se 
for which it was not intended or designed. 11 Section 5. 1. l 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 uriderstood by the operator; this will tend 
to reduce the occurrence of operator errors'. 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 safety margins on these components, and 
their proper installation and use. Inspection, testing, and maintenance of 
the crane is called for to assure that load bearing components are in prop~r 
working order, that worn or damaged components are identified and replaced, 
and that design safety margins are maintained. The reduced inspection frequency 
from the ANSI 830.2-1976 guidelines is acceptable for cranes not used frequently, 
because the 830.2 guidelines are based on expected wear when cranes are in 
more frequent use. Conformance to the design guidelines of ANSI 830.2 and 
CMAA-70 is recommended so that cranes whose. failure could cause a drop of a 
heavy load on safe shutdown equipment, fuel in the core, or fuel in the spent 
fuel pool meet 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 addition to conformance with the general guide
lines 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. 1.2, 5. 1.3 and 5. 1.4 require 
specific minimum decay times for spent fuel. The task group 1 s evaluation of 
offsite release potential due to load drop 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 days 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 subcritical 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 limits, or 75 rem thyroid and 
6.25 rem whole body, for postulated load drop accidents. This assures that 
dose limits are kept reasonably low for such postulated events that may occur 
more frequently than the most severe design basis events. 

Additionally, certain alternatives call fo~ 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 number 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 load 
drop conditions is given in Section 2.2.6. 

Certain alternatives call for electrical interlocks to keep loads away from 
the spent fuel pool or away from 11 hot 11 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 

1 operator error in failing to follow the prescribed load path and a concurrent 
failure of the handling system when over the spent fuel and when the pool 
contains 11 hot 11 spent fuel. The adequacy of this alternative is evaluated by 
the fault-tree evaluation in this section. 

The 15-foot (4.5 m) separation limit on the mechanical ·stops or electrical 
interlocks called for in guideline 5.l.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. l.2(3)(b) is based on the area containing spent fuel that could 
be impacted if a cask carried over the pool were to tip when dropped. 
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Fault Trees 

To further evaluate the adequacy of the guidelines of Section 5. 1 and to 
assure a general 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 alternati.v.es rely-on ·analyses to demonstrate that postulated events would 
riot cause unacceptable consequences, and thus do not lend themselves readily 
to analysis by fault tree. However, other alternativ·es 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: 

(l) Loads handled near spent fuel or 11 hot 11 fuel, primarily in the spent fuel 
pool, where reliance is placed on safe load path procedures, electrical 
interlocks, maintaining adequate boron concentration, and handling system 
reliability. This is depicted by Figure 5.2-1. 

(2) Loads handled over the spent fuel pool where reliance is placed on 
electrical interlocks, procedures to segregate 11 hot 11 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 lifting devices where 
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 frequently 
be used carrying loads near fuel in the reactor or the spent fuel pool. 
This is depicted by the fault tree in Figure 5.2-3, sheets 1 and 2. 

Probabilities 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 report. Table 5.2-1 summarizes 
the results of the evaluation of these fault trees using the probabilities of 
Appendix 8. This evaluation shows that: 

(1) The likelihood 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 
betw~en 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. 
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1. 

2. 

3. 

TABLE 5.2-1 

SUMMARY OF 
EVENT PROBABILITIES. FORl/ 
HANDLING OF HEAVY LOADS-!. 

LOWER 
BOUND 

Loads Handled Near Spent Fuel or Reactor 
(Figure 5.2-1): 

P(Consequences Exceed Guidelines)~/ 2 x 10-lO 

P(Offsite Releases Exceed Guidelines) 2 x 10- 10 

P(Criticality In Spent Fuel) 

Loads Handled Over Spent Fuel Pool 
(Figure 5.2-2): 

P(Consequences Exceed Guidelines)f/ 2 x 10-a 

P(Offsite Releases Exceed Guidelines) 2 x 10-a 

P(Criticality in Spent Fuel) Negligible 

Loads Handled With A Single Failure Proof 
Crane {Figure 5.2-3): 

P(Consequences Exceed Guidelines)g/ 3 x 10-9 

P(Offsite Releases.Exceed Guidelines) . 3 x 10-9 

P(Criticality in Spent Fuel) Negligible 

MEDIAN 

2 x 10-8 

2x 10-8 

Negligible 

7 x 10-1 

7 x 10-7 

2 x 10-7 

2 x 10-7 

l 1These are given in terms of probability of event per reactor year. 

UPPER 
BOUND 

4 x 10-6 

4 x 10-6 

3 x 10-5 

3 x 10-s 

3 x 10-6 

10-5 

10-5 

10-6 

g/Guidelines referred to here are the evaluation criteria of Section 5. 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_ lqads .1fj_d -not---ade-quately-cover all areas or the major causes of load 

-ffan-dling accidents, and that 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, 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 handling 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 h~avy 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. l 
of this report are already included in standard review plans and regulatory 
guides. However. certain measures called for in the guidelines of Section 5. l 
are presently not included in these standard revie~ 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 th.at are 
appropriate 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 to procedures to satisfy the guidelines of Section,5. 1, 
adequate measures will be established to: 

(1) Reduce the potential for accidental dropping of heavy loads; 
(2) Reduce the potential for a heavy load to impact on spent fuel or safe 

shutdown equipment, should a drop occur; and 
(3) Provide fu.rther 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) 

(b) 

(c) 

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 rem whole body; 
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 f approaches or is larger than 0.95; 
damage to the reactor vesselebr 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 functions. 

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 no casks or other heavy 
loads are handled over the spent fuel pool until final implementation of the 
guidelines of Section 5. 1, technical specifications should 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 handling procedures, training 
of crane operators, and inspection of cranes are procedural or administrative 
measures that can be accomplished in a reiatively short time period and need 
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 heavy loads in the interim 
period until measures at operating plants are upgraded 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 Fuel Storage Pool Building 11 for PWR's and Standard 
Technical Specification 3.9.6.2, 11 Crane Travel, 11 for BWR's, to prohibit 
handling of heavy· 1 oads over fuel in the storage pool until implementation 
of measures which satisfy the guidelines of Section 5. l (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 guidelines of 

Section 5.1. 1(2); · 
(4) Crane operators should be trained, qualified and conduct themselves per 

the guideiines 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 procedures, 

equipment, and personnel for the handling of heavy loads over the core, 
such as vessel internals or vessel inspection tools. This special review 
should include the following for these loads: (1) review of procedures 
for installation of rigging or lifting devices and 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) approp~iate repair and 
replacement of defective components; and (4) verify that the crane operators 
have been properly trained and are familiar with specific procedures 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 acti~ns will further reduce the potential for acci~ntal 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 irradiated fuel, 
or safety related equipment. 

6.1 Implementation of Guidelines - OperatinQ 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. l will be met, including required modifica
tions and 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, expertise 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 facility 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 o,f 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 new 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 individually transported through a canal 
from the spent fuel pool for loading in the cask. Because many of the potential 
load handling problems that exist at present op~rating facilities are not 
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present in new facilities, certain of the guidelines in Section 5. l are not 
appropriate for new reactors. 

To incorporate the guidelines from Section 5. l that are appropriate for new 
reactors, the following changes to Standard Review Plans and Regulatory Guides 
should be made: 

(1) SRP 9.1.2 - 11 Spent Fuel Storage" - Rev. 1 

Recommended Change: 
Add a 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 negative 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 
a revision to SRP 9. 1.3 is already in process that will include the 
above criterion. With the revision to SRP 9. 1.3, the above change 
to SRP 9.1.2 is not required.) 

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

(a) Recommended Change: 
Add the following: 11 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 ICSB should advise AAB of any 
reactor system which does not meet either of these functions both in 
the containment building and in the spent fuel storage faci l ity 11

• 

(b) Recommended Change: 
Add to the lead-in paragraph of Part A to ASB-BTP 9-1 a reference to 
guidelines on selection and use of rigging and lifting devices and 
minimum crane requirements (Similar to that in Section 5.1.l 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 equipment. 

Basis: 
These measures together with other actions taken to meet options 1, 
2, or 3 in Part A of ASB-BTP 9-1 and those listed in items 3 and 4 
below will provide defense-in-depth for load 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. 

(c) 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. 
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Basis: 
This option presently relies on electrical interlocks and mechanical 
stops to keep 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 evaluation criteria of option 3 of 
Part A to ASB BTP9-1 that the consequences of a postulated load drop 
should als_o not result in criticality or excessive leakage that 
could uncover the fuel. 

Basis: 
These are p-0tential consequences that should be considered in the 
analyses. 

(e) Recommended Change: 
Guidelines should be added on rigging, special lifting devices, and 
interfacing lift 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 slings and special lifting devi~es 
are available and should be used to assure the reliability of these 
components. Additionally, guidance should be provided on interfacing 
lift points since failure of these could potentially result in a 
load drop. 

(3) SRP 13.1.3 11 Qualifications of Nuclear Plant Personnel 11 

Recommended Change: 
Add to the acceptance criteria 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 themseves in 
accordance with the guidelines of ANSI B30.2-1976 (Chapter 2-3) "Overhead 
and Gantry Cranes. 11 

(4) R.G. 1.33 - 11 Quality Assurance Prgram Requirements (Operation), 11 Rev. 2 

(a) Recommended Change: Add to section 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) identi
fication of safe load paths; 

(b) Recommended Change: Add to Section l of Appendix A to this guide 
that administrative procedures should also be developed for qualifica
tion, training, and conduct of crane operators. 
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(5) Regulatory Guide 1.13, Revision 1 - 11 Spent Fuel Storage Facility Design 
Basis 11 

Recommended Change: 
Regulatory Guide 1.13, Regulatory Position C.5 should be changed to 
delete the three options listed and to list option 1 of ASB 9-1, with 
recommended 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 consistent with the review criteria. 

(6) Regulatory Guide 1.XX -

Recommended Change: 
A regulatory guide should be developed endorsing ANSI N14.6, 1978 11 Standard 
For Special Lifting Devices for Shipping Cohtainers Weighing 10,000 
Pounds (4500 kg) or More For Nuclear Materials 11

• ANSI Nl4.6 provides 
guidelines th&t are not peculiar to lifting devices for shipping containers; 
these guidelines would be applicable to any special lifting device. 
Therefore,- the regulatory guide· that is developed to endorse ANSI N14.6 
should endorse this ·standard for use in designing and using !?Pecial 
lifting devices that handle heavy loads over or near spent fuel, fuel in 
the core, or safe shutdown equipment. 

Basis: 
Such a regulatory guide will facilitate use of industry guidelines in 
evaluating the adequacy to special lifting devices in the licensing 
review process, and wil 1 provide guidance to applicants, licensees, and 
vendors in designing special lifting devices. 

6.4 Technical Specification Changes 

Following implementation of modifications and changes to satisfy the guidelines 
of Section 5.1, changes to-facility technical specifications should.be made. 
Items which· should b'e covered by technical specifications wi 11 vary depending 
on the alternatives selected by the particular plant. The following summarizes 
the types of specifications required for each of the guidelines of Section 5. 1. 

Guideline Related Technical Seecification (see code below) 

5. 1. 1(1)-(6) (No T.S. Change required) 
5. 1. 1(7) A 
5. 1. 2(1) (Same as 5. 1. 6) 
5.1.2(2) A~ B, c, E 
5. 1.2(3) A, B, C, E 
5.1.2(4) A - E (as appropriate, based on analysis) 
5.1.3(1) (Same as 5. l. 6) 
5. 1.3(2) A, E, F 
5.1.3(3) A, E 
5.1.4(1) (Same as 5. 1. 6) 
5. 1. 4(2) A, C, (and B or D if appropriate) 
5. 1.5(l)(a) (Same as 5. l. 6) 
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Guideline Related Technical SEecification (see code below) 

5. 1. 5(1 )(b) G 
5. 1. 5(3)(1 )(c) G ( if interlocks or mechanical stops are relied on) 
5. 1. 5(2) A 
5. 1. 6 H, I 

Where the following defines the types of technical specifications corresponding 
to each code letter above: 

Code 

A 

B 

c 

D 

E 

F 

G 

H 

Technical Specification 

The maximum load that may be carried by the crane 
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). . 

Technical Specifications should specify that the 
load/cask is not carried greater than -----inches off the floor of the refueling area. 

Technical Specifications should specify that movement 
of the overhead 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, and/or transfer to ESF grade 
filters, on high radiation, and require equipment and 
personnel access hatches to be closed when handling 
loads where this alternative is ~elied on. 

Technical Specifications should require functional 
capability of specified electrical interlocks or · 
mechanical 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 to handle heavy loads carried over or in 
proximity to spent fuel in the pool, fuel in the 
core, or redundant safe shutdown systems. 

*Decay time depends on the facility. See Section 2.1 of this report. 
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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 areas of potentially adverse 
safety consequences were identified that were beyond the original scope of 
Task A-36, such as the potential for heavy loads to dam~ge fuel in the core 
and the potential for heavy loads, if dropped, to damage safe shutdown systems. 
To resolve these areas of concern, the scope 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 handling woul~ be the same as that 
which was already under review in Task A-36. 

Task A-36 did not consider loads that weighed less than a 11 heavy11 load, where 
a 11 heavy11 load is defined as any load greater than the weight of a spent fuel 
assembly and its handling tool. The handling, and 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 raised concerns over the potential 
for loads which weighed less than a fuel assembly to be carried at greater 
heights and thus be able to cause more damage than 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 evaluation of the handling of lighter loads, the 
potential for dropping, measures to preclude dropping, potential consequences, 
and required staff guidelines were beyond the scope of Task A-36. Additionally 
the generic letter sent to licensees in June of 1978 did not request any 
information on lighter loaqs, such as type and size of loads, frequency of 
movement, or measures in effect to preclude dropping. 

It is therefore recommended that a separate task be established to review the 
handling of loads weighing less than a spent fuel assembly and to establish 
necessary guidelines for their safe handling. This task should identify types 
of small loads handled and frequency of movement over spent fuel, potential 
for a load drop to occur, potential consequences of a small load drop, and 
required guidelines that are consistent with the philpsophy used for the 
control of heavy loads. To the extent practical, guidelines for the control 
of small loads should be similar to those used for heavy loads. ' 

In the interim period until completion of this new task, it is recommended 
that a technical specification change be made to the licenses of all operating 
facilities to include a limit on kinetic energy of loads carried over the 
spent fuel pool similar to technical specification 3.9.7 for Trojan (See 
Appendix D). We do not have information available or precedents to rely on 
for establishing interim measures for the control of small loads handled over 
the reactor core. The above recommended task would have to establish such 
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 analysis of postulated load drops and evaluation of potential 
consequences to assure that the evaluation criteria of Section 5. 1 are met for 
such an event. Section A-1 of this appendix identifies certain considerations 
that should 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 consequences 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 
calcula,tions. 

1. GENERAL CONSIDERATIONS 

Analyses of postulated load drops should as a m1n1mum 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 should be considered for any load drop analysis, as 
appropriate: 

(1) That the load is dropped in an orientation that causes the most severe 
consequences; 

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

(3) That the load may be dropped at any location in the crane travel area 
where movement is not restricted by mechanical stops or electrical 
interlocks'; 

(4) That credit may not be taken for spent fuel pool area charcoal filters if 
hatches, wall, or roof sections are removed during the handling of the 
heavy load being analyzed, or whenever the building negative pressure 
rises above (-)1/8 inch (-3 m) water gauge; 

(5) Analyses that rely on results of Table 2.1-1 or Figures 2.1-1 or 2.1-2 
for potential 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 analysis of on-site meteorological 
measurements based on 5% worst meteorological conditions. 

{6) Analyses should be based on an elastic-plastic curve that represents a 
true stress-strain relationship. 
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(7) The analysis should postulate the 11 maximum damage 11 that could result, 
i.e., the analysis should consider that all energy is ~bsorbed by the 
structure and/or equipment that is impacted 

(8) Loads need not be analyzed. 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 available by the technical specifications. 

(10) Credit may not be. taken for equipment 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 Section 5. l are satisfied. 

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

(2) All potential accident cases during the refueling operations. Areas of 
consideration as a minimum should be: 

(a) Fall of the RV head from it 1 s maximum height while still on the 
guide studs followed by impact with the RV flange; 

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

(3) All 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 c~nsidered that the head will only fall through air, without 
any drag forces produced by a water environment. · 

*These guidelines only consider the dropping of the RV head assembly during 
refuel~ng 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 ~o analyses 
of dropping of reactor internals. 
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(4) In those Nuclear Steam Supply Systems where portions of the reactor 
internals extend above the RV flange, the internals should be analyzed 
for buckling and resultant adverse effects due to the impact ioading of 
the RV head. It should be demonstrated th~t the energy absorption 
characteristics (causing buckling failure) of these internals should be 
such that resultant damage to the core assembly does not cause a condition 
beyond the acceptance 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 shotild 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 components or'structures. 

3. SPENT FUEL CASK 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 the 
evaluation criteria of Section 5. l 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 fully loaded cask (with water, where applicable) 
and all equipment required for lifting and set down such as baseplates, 
li~ting yokes, wire ropes and crane blocks. 

(3) Restricted path travel of the spent fuel cask (defined by electrical 
interlocks, ·mechanical stops, and crane 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 support the spent fuel; 
(c) the spent fuel itself; 
(d) the refueling channel gate; or 
(e) safety related systems, components and structures beneath 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 cas·e, 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 inthe SFP. Water level assumed for such 
analyses should 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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(6) For tne purpose of the analysis the cask should be considered rigid 
(except for devices. and appurtences· specifically designed for energy 
absorption and in place) and 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 
perforat~d metal basket within the cask. 

4. CRITICALITY CONSIDERATIONS 

4. l Spent Fuel Pool Neutronics Analysis 

In Sections 5.1.2, 11 Spent Fuel Pool Area - PWR, 11 and 5.1.4, 11 Reactor Building -
BWR, 11 a number of alternatives are presented for the control of heavy loads in 
spent fuel pool areas. Some of these alternatives i-nclude neutronics calcula
tions to demonstrate that crushing the fuel and fuel rac~ will not result in 
criticality.- This section is included here to give the licensees guidance in 
performing their neutronics calculation. · 

A discussion of the potential for criticality under load 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 cho.ose to use the results of sectfon 2.2, rather 
than performing an independent neutronics analysis for his plant. If a licensee 
uses the results of Section 2.2 rather than performing an independent neutronics 
analysis, he should verify that the assumptions and model fu.el 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 load drop for the boron in the spent fuel pool 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 fue~ 
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 
non-spent fuel, the licensee may either assume an infinite array or a finite 
array. The largest finite arra~ of ·non-spent fuel a licensee should have to 
consider would be that of an off-load core. · 

In this neutronics analysis the licensee must demonstrate that the fuel remains 
subcritical in the optimum crushed configuration. It is adequate to assume 
that the optimum configuration is with the rack crushed to uniformly reduce 
the separation between assemblies and the spacing between fuel pins uniformly 
reduced to maximize k f . All boral and structural material may be assumed to 
remain in its original tonfiguration 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-load an entire core into the spent fuel pool 
an~ a heavy load is dropped on fuel in the pool. 
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As noted in Section 5. 1.4 it is not necessary to analyze the effects of crushing 
on k f for BWR spent fuel pools that use boron plate cans and do not rely on 
spac~n~ to maintain subcriticality. 

4.2 Reactor Core Neutronics Analyses 

4.2. 1 Neutronics Analyses for a BWR Core 

For a BWR core, the potential for a load 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 postulated load drops could drive control 
rods out of the core, the number of rods that could be affected should be 
determined, and a neutronics analysis performed to determine 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 facility technical specifications 
should require that all rods are in when handling a heavy load over the core. 

4.2.2 Neutronics Analyses for a PWR Core 

In Table 2.2-2, we see that crushing the model PWR core in 2000 ppm boron 
refueling water increases k ff by about 0.02. Since only one model fuel 
geometry was considered her~, other fuel geometries could have a slightly 
higher reactivity insertion 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 drop on a PWR core, 
a licensee may use this estimated reactivity insertion limit 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 
be maintained at 0.95 
a neutronics analysis 
critical at least two 

Specifications require that during refueling k ff should 
or less. This is based on an uncrushed core. e o perform 
to demonstrate that crushing the core will not drive it 
alternatives for demonstrating this are acceptable. 

(1) The licensee can perform a neutronics analysis on his core uniformly 
crushed in the x-y direction to maximize k ff· If the licensee chooses 
this option he must demonstrate that the m~x1mum k ff is no greater than 
0.95, with all uncertainties taken into account. e • 

OR 
(2) Using his core refueling neutronics analysis (uncrushed), the licensee' 

can demonstrate that k ff for the uncrushed core is no greater than 0.90. 
Then, using the estimated 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 

Fault 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. This appendix develops probability 

estimates for the various 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 thr.ough B-3 correspond to the 

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

Pro.babi 1 it i es used are best estimates of upper and lower bounds with conservative 

margins to allow for uncertainties. Where little data is available, estimates 

are based on engineering judgment as to a conservative value. For the purposes 

of determining a median within the range between the upper and lower bounds, it· 

was assumed that the variability of fai~ure rates was distributed log normally 

between the bounds. 

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

Offsite Releases 

1. 1. l The probability that the spent fuel pool contains 11 hot 11 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 

assume that heavy loads are handled uniformly through the year and that 
' 

,any heavy load could cause excessive releases, then the P(l. 1. 1) is between 

0.1 and 0.2 pe~ reactor year (i.e., 38/365 to 72/365). 

1. 1.2. l For the purposes of this review, it is estimated that the probability of 

failure to follow a given procedure is between 5 x 10-2 and 10-2 per 

event, or 2 to 10 failures per year assuming 200 lifts per year. This 

presumes that the guidelines of Section 5.1.1 are met, whereby crane 

operators are trained in proper ~onduct of operation and procedures to be 

followed. The 200 lifts per year is based on the number of cask and other 

load handling events that may occur per year as shown in Table 3.1-1. The 
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above estimate of failure to follow a given procedure is also consistent 
with human reliability estimated failure rate of 10-2 obtained in the 

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

1. 1.2.2 Electrical interlock reliability was estimated to be between 10-2 and 10-3 

per demand. These interlocks are not challenged unless there is a failure 

to follow prescribed load paths (i.e., event 1. 1.2. 1). This estimate 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 follow the prescribed load path, whereby an 

inexperienced operator violates the load path procedure and also fails to 

verify that interlocks are operable or intentionally bypasses the interlock. 

1. 1.2.3 Based on the data collected from the Navy, it is expected that the probability 

of handling system failure for nuclear plant cranes will be on the order 
. -5 -4 
of between 10 and 1.5 x 10 per lift. This presumes an improvement by 

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

nuclear plants, and conformance to guidelines in Section 5. 1. 1 of this 

r~port concerning operator training and crane inspection (i.e., the failure 

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

However, the probability of handling 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 

leading to a load drop. This 

1.1.2.1, 1.1.2.2, and 1.1.2.3. 

to improperly operate the handling system 

then is a connective link between events 

If we presume that this reduces the handling· 
system reliability by a factor of ten, this gives a result of probability 

of handling system failure given that interlocks have failed and the 
. -4 

operator has failed to follow the prescribed load path of between 10 and 
-3 1.5 x 10 per lift. 
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1. 1.2.4 Even tnough 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 brought over spe.nt fuel. Even if the drop occurs over 

spent fuel it may not impact 11 hot 11 spent fuel. Based on the length of the 

load paths that could be followed for such loads as contaminated waste 

1. l. 2 

l. l 

1. 2.1 

1. 2. 2 

I 

casks, transfer canal gate, spent fuel cask, shield plugs and other loads 

normally handled near spent fuel, spent fuel usually occupies less than 

10% of any potential path length and many possible paths do not even go 

over spent fuel. Based on this, it is estimated that the probability that 

the drop could occur over 11 hot11 spent fuel, given that the prescibed load 
path has not been f o 11 owed, is between l 0- l and l o-2, ·given that events 

1. 1.2. 1, 1. 1.2.2, and 1. 1.2.3 occur. 

Combining probabilities, it is estimated that P(l.1.2) is between 2 x 10-5 

and 2 x 10-g with a median of approximately 10-7 per reactor year. 

Combining 1.1.l and 1.1.2, we obtain an estimate of the probability of 

offsite releases that exceed guidelines due to a load drop for loads 
. -6 10 

handled: near spent fuel of between 4 x 10 and 2 x 10- with a median of 
. -8 

2 x 10 per reaFtor year. 

Potential For Criticality 

This event can occur if a core off 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, giving a probability 
. -2 -3 of core off-load of between 2 x 10 and 5 x 10 per reactor year. 

This requires failure of an operator to follow prescribed refueling 

procedures. As in other similar operator actions, the probability of 
failure is estimated to be between 5 x 10-2 and 10-2 per event, if 

independent from other 1.2 events. However, given that the prescribed 

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

failed, and that the handling system has failed (t.e., given that 1.2.3 

occurs), the probability that boron concentration is inadequate could be 
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1. 2. 3 

1.2.4 

greater than the above estimate. Th.is would be due to common mode 

effects, such as a poorly trained or unqualified crane operator which 

increases the probability of each of these events occurring simultane

ously. If we pressume that such an effect increases by a factor of 10 the 

probability of having inadequate boron concentration, this gives a 
probability of 5 x 10-l to 10-l 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 11 hot 11 spent fuel 

in terms of potential for an excessive release. The probability that the 

load strikes this fuel, given that highly enriched fuel is in the pool is 

the same as the probability of event 1.1.2. 

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

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 brought uniformly 

cl-0se together with the potential for criticality. It is estimated that 
this probability is between 10-l and 10-3. 

1.2 Combining probabilities we find that the probability of criticality in 

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

1. Combining 1. l and 1.2 gives, for loads handled near spent fuel: an 

estimate that consequences exceed guidelines of between 2 x 10-lO and 

4 x 10-6 with a median of approximately 2 x 10-8 per reactor year. 

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

Offsite Releases 

2.1.l.l This is the same as the probability of event l. l.2.3. 

2. 1.2 This is the same as. the probability of .event 1. 1. l. 

2.1.1.2. l. l This is the same as the. probability of event 1. 1. 2. l. 

B-4 



2.1.1.2.1.2 The requirement to segregate 11 hot 11 spent fuel would be specified in 

facility refueling procedures, as well as facility technical specifi

cations. Failure to segregate 11 hot11 spent fuel 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 11 hot 11 spent fuel away from the cask area. 

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

event. 

2. 1. 1. 2. 2. l 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 

2. 2. l 

2.2.2 

2.2.3 

2.2.4 

2.2.5 

Combining probabilities, we obtain an estimate of the probability of 

offsite releases that exceed guidelines due to a load drop for loads 
-5 -8 ' 

handled over the spent fuel pool of between 3 x 10 and 2 x 10 

with a median of approximately 7 x 10-7 per reactor year. 

Potential For Criticality 

This is the same as the probabili~y of event 1.2. 1. 

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. 

This is the same as the probability of event 1. 1.2.3. 

This is the same as the probability of event 1.2.4. 

This is the same as the probability of event 1.2.2. 
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2.2 Combining probabilities we obtain an ~stimate of the probability of 
criticality in the spent fuel pool due to a load drop for loads handled 

. -6 
ove~ the spent fuel pool of less than 3 x 10 per reactor year. 

2. Combining 2.1 and 2.2 gives, for loads handled over the spent fuel pool, a 

probability estimate that consequences exceed guidelines of between 
Z x 10-3 and 3 x 10-5, with a median of approximately 7 x 10-7 per 

reactor year. 

C. Figure 5.2-3 - Single Failure Proof Handling System: 

Offsite Releases 

3. 1. l(A) Loads covered by branch (A) of this fault tree are large enough to cause 

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

would in most cases be fuel in the core, and, therefore, would be 11 hot 11 

fuel unless the drop occurs before initial criticality. However, the drop 

may occur at low heights where little or no fuel damage occurs. In fa~t, 

most drops due to mechanical failures -0ccur at low, lift heights where weak 

components fail shortly after a load is applied. Additionally, the load 

may 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 load drops directly over 11 hot11 spent fuel result in 

releases that approach 10 CFR Part 100 limits for loads such as the 

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

Therefore, an estimate of 10-l and 2.5 x 10-l per load drop was used for 

the probability that a load dropped on spent fuel results in excessive 

offsite releases. 

3. 1. 1(8) This is the same as the probability of event 1. 1. 1. 

3. 1. 3 Event 3. 1.3(8) is the same as the probability of event 1. 1.2.4. Event 

3. l.3(A) covers loads carried over spent fuel. Fo~ these loads, between 

5% and 25% of the path length is over spent fuel, and, therefore, an 
estimate of the probability that the load drop occurs over spent fuel .is 
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between· 5 x 10-2 and 2. 5 x 10-l per each event where .the prescribed load 

path is not followed. 

3.1.2. l(CF) Section 4 of this report estimates the probability of handling system 
failure of between 10-5 and 1.5 x 10-4 per reactor year for a crane that 

"does not have single 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 handle the load and preclude dropping. Events 

CF.2. l and CF.2.2 (sheet 2 of Figure 5.2-3) pertain to these components 

and their counterparts. Certain other components are allowed to have 

increased design safety 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 11 two-blocking11 and 11 load-hangup11 events. This may be done by 

limit switches and overload protection devices respectively, as shown by 

the fault trees for events CF. l and CF.3. NUREG-0554 allows use of the 

limit switches to terminate hoisting as an alternate to designing the 

crane to withstand a 11 two-blocking11 event. If designed to withstand 

"two-blocking11
, a test would be performed to demonstrate this ability. It 

was deemed that the use of limit switches was the l.ess reliable of the two 

options, and therefore the fault trees modeled use of limit switches. 

The fa~lt tree on sheet 2 of Figure 5.2-3 may be used both for branches 

(A) and (B), (i.e., for events 3.1.2.l(A) and 3.1.2.l(B) with appropriate 

probabilities used for the loads covered by each branch). 

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

Table 3. 1-1, we see that there are typically between 4 and 10 lifts per 
I 

year over spent fuel, mostly over the reactor vessel (vessel head, vessel 

internals, vessel inspection equipment, etc). Thus, probabilities for 

branch (A) are estimated on the basis of loads being handled at a 
frequency of 4 to 10 times per year. However, loads covered by branch (B) 
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CF. l. l 

CF. l. 2 

are handled on the order of up to 200 times per year near spent fuel 
(spent fuel shipping cask, waste/debris/ spent resin casks, refueling 
plugs and gates, shield plugs). Similarly, branch (8) probabilities are 
estimated using 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 

may exist for events 3.1.2(8) and 3.1.4(8). 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 system are sufficiently conser-. 
vative to encompass minor interactions between events 3.1.2(A) and 

3.1.l(A) or 3.1.3(A). 

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

reportL 2 11 load-hangup11 events occurred due to operator error. This 
2 gives us an estimate of probability of 11 load-hangup11 of between c43) x 

-5 2 -4) -7 -6 (10 ) and c43)x(l.5 x 10 or between 4.7 x 10 and 7 x 10 per lift. 
For CF. 1. l(A); this gives a result of between 2 x 10-G and 7 x 10-S per 

reactor year (4 to 10 lifts per year). 

For CF. 1. l(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(8) (failure to follow prescribed load path due to 

a poorly trained operator, for example) a more reasonable estimate would 

be between 10-3 and 1.4 x 10-2 per reactor year. 

Limit switches are similar to the interlock switches discu~sed for 
event 1.1.2.2, and thus the_ same probability estimates for event 1.1.2.2 

may be used for the limit switches. The complexity of the overload 
protection devices is similar to these limit switches, and thus the 
probability estimate for limit switches and interlock switches was also 
applied to the overload, protection devices. The same probability estimate 
may be used for CF. 1.2(A) and for CF. 1.2(8). 

B-8 



CF. 3. l 

CF.3.2 

CF.3.3 

CF.2. l 

11 Two-blocking11 due to operator error occurred in 15 of the 43 events 

reported in the Navy data. This gives an estimate for CF.3. 1 of between 
15 -5 15 -4 -6 

C43 ) x (10 ) and c43) x (1.5 x 10 }, or between 3.5 x 10 and 
5.2 x 10-S per lift. For CF:3. l(A), this gives a probability estimate of 

between 1.4 x 10-5 and 5.2 x 10-4 per reactor year (4 - 10 lifts per 

year). For CF.3. l(B), this gives an estimate of between 7 x 10-4 and 10-2 

perTeactor y~ar (200 lifts per year); however, due to potential .common 

cause effects with event 3.1.4(8) (failure to follow prescribed load path 

due to a poorly trained operator, for example) a,more reasonable estimate 

would be between 7 x 10-3 and 10-1. 

Failure of the limit switch is the same as the probability of event CF. 1.2 

(see discussion 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 limit switch due to common mode effects. However, 

the NUREG-0554 guidelines call for these two limit switches to be 

independent,· of different designs, and act i v.ated by separate mechani ca 1 

means. This will tend to make common mode failure for these limit 

switches much less likely. 

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

switch causes a failure of the second limit switch or that the mechanism 

that caused failure of the first limit switch also causes failure of the 

second component, then the second limit switch has a failure probability 

of between 10-l and 10-2 due to common mode effects, and.thus has a 

probability of failure, given that the first switch has failed, of between 
(10-2 + 10-1) and (10- 3 + 10:-2) or= between 10-l 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 crane component failures. Some of these 

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 
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CF.2.2 

23 -5 23 -4 single crane component would be between (43 )x(l0 ) and c43 )x(l.5 x 10 ) 
per lift, or between 5.3 x 10-6 and 8 x 10-5 per lift. For CF.2. l(A), 

this gives an estimate of component failure of between 2 x 10-5 and 
8 x 10-4 per reactor year (4 - 10 lifts per year). For CF.2. 1(8) this 

gives an estimate of component failure of between 10-3 and 2 x 10-2 per 

reactor year. We were not able to identify any common cause link between 

event 3.1.4(8) (failure to follow prescribed load path) and event 

CF.2.1(8). The above estimate is sufficiently conservative to account for 

minor 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 component also causes failure of the 

second component, then the second or backup component has a fai1ure proba

bility of between 10-l and 10-2 due to common mode effects. This gives an 

overall probability of failure for the backup component for CF.2.2(A) 

given that the first component has failed, of between (8 x 10-4 + 10-1) 
and (2. l x 10-S + 10-2) or between 10-l and 10-2. 

For CF.2.2(B), this gives an overail probability of failure for the backup 

component due to random causes and common mode effects, given that the 
first component has failed, of between (10- 3 + 10-2) and (2 x 10-2 + 10-l) 

or between 10-2 an·d 1.2 x 10-l 

CF. 4 None of the load drop events in the Navy data ( 43 events -· see Sect ion 

4.2) occurred due to failu~es in components where NUREG-0554 does not 

require a dual or redundant component. If we assume that the 44th load 

drop event could have been due to a fail~re in one of these components, 

then an estimate of failure for such components is: c!4)x(l0-5) to 
. l -4 -7 -6 c

44
)x(l.5 x 10 ) per lift, or 2.3 x 10 to 3.4 x 10 per lift. 

Conformance to NUREG-0554 requires increased design safety factors for 

these components, usually increased by a .,factor of about 2 (e.g. , for 
., 

ceY'tain components, from a safety factor· of 5:1 to a factor of 10:1). 

This wi 11 tend to reduce the probabi 1 ity of failure of these components. 
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3.1. 2. l(A) 

(or CF(A)) 

We wilT conservatively assume that this reduces the failure probability 
-1 . 

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-l in failure proba

bility gives an estimate of the failure of components which do not have a 

dual or redundant counterpart after compliance with NUREG-0554 of between 

2.3 x 10-8 and 3.4 x l0-7 ·per lift. 

For CF.4(A) this gives a failure probability of between 9 x 10-8 and 
-6 3 x 10 per reactor year (4 - 10 lifts per yea~). 

For CF.4(B) this gives a failure probability of between 5 x 10-6 and 

7 x 10-5 per reactor year (200 lifts per year). We were not able to 

identify any common cause effects between CF.4(8) and 3.1.4(8). The above 

estimate for CF.4(B) is sufficiently coriservative to account for mintir 

interactions or common cause links. 

Combining probabilities, we obtain the following: 
-9· -7 

2 x 10 < P(CF. l(A)) < 7 x 10 per reactor year. 
-7 - - -5 

2 x 10 < P(CF.2(A)) < 8 x 10 per reactor year. 
-10 - - -7 

10 ~ P(CF.3(A)) ~ 5 x 10 per reactor year. 
. -8 -6 
9 x 10 ~ P{CF.4(A)) ~ 3 x 10 per reactor year. 

We can combine the above probabilities through an 11 or 11 gate to obtain the 

following estimate of probability of failure of: 

3 x 10-7 ~ P(CF(A)) ~ 8 x 10-5 . 

with a median of 5 x 10-6 per r~actor year. 

3. 1.2. l(B) Combining probabilities, we obtain the following: 

(or CF(8)) 10-6 < P(CF. l(B)) < 10-4 

10-5 ~ P(CF.2(B)) ~ 2 x 10-3 

7 x l~- 9 < P(CF.3(;)) < 10-6 

-6 - -5 
4.5 x 10 ~ P(CF.4(B)) ~ 6.8 x 10 
Similarly, combining these through an 11 or 11 gate gives: 

-5 -3 -4 2 x 10 ~ P{CF(B)) 5 2 x 10 , with a median of 2 x 10 per reactor 

year. 
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3. 1.2.2 - (Failure of Rigging): 

3. 1.2.2. 1 From the data on Navy cranes contained in Section 4.2 of this 
can obtain an estimate of rigging failure of between 7 x 10-7 

report, we 
-5 and 10 per 

lift, since rigging accounted for 7% of all failures. This presumes an 

improv~ment on the order of .5 per lift based on improved procedures at 

nuclear power plants, and conformance to guidelines in Section 5. 1. 1 of 
this report concerning rigging. These limits become 2.8 x 10-G 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 lifts per year). Because a poorly trained crane operator could 

select improper rigging (event 3.1.2.2(8)) and could fail to follow the 

proper load path (event 3.1.4(8)), there is a common cause link between 

these two events. If we presume that this increases the failure proba

Qil ity of the rigging by a factor of 10, this gives a probability of 

event 3.1.2.2.1(8), given that 3.1.4(B) has occurred, of between 10-3 and 

2 x 10-2 per reactor year. 

3. 1.2.2.2 Use of dual or redundant rigging may compensate for random material 

failures iri the rigging or personnel errors that occur on only one set of 

rigging. However, an individual 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 
) 

probability of failure of the second set of rigging, given that the first 

has failed will be somewhat greater than the probability for event 

3. 1. 2. 2. l. 

. If we estimate that between 5% and 25% of rigging failures are such that 

they are likely to occur in the counterpart rigging due to common mode 

effects, then an estimate for probability of failure of the redundant or 

counterpart rigging given that the first set of rigging has failed is 

between -2 -1 5 x 10 and 2.5 x 10 . This holds for branch (A) and branch (8) 

loads. 

3. 1.2.2 The above estimates result in a probability of failure of the rigging of 
between 10-7 and 3 x 10-5 per reactor year for branch (A), and between 

5 x 10-5 and 5 x 10-3 per reactor year for branch (8)~ 
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3. 1. 2 

3. l(A) 

(Failure of Handling System): 
Combining probabilities, we obtain an estimate of failure 'of the handling 

system that satisfies single-failure-proof guidelines of between 
-7 -4 ~ 

4.6 x 10 and 1.2 x 10 per reactor year for loads carried over spent 
fuel (3. l.2(A)), and between 6.5 x 10-S and 3.2 x 10-3 for loads carried 

r 

near spent fuel (3. 1.2(8)). 

Combining 3. 1. l(A), 3. l.2(A), and 3. l.3(A), we obtain an estimate of 

probability of excessive offsite releases, if a single-failure-proof crane 

is relied on, of between 2.3 x 10-9 and 7.5 x 10-6 per reactor year, with 
-7 a median of 1.3 x 10 , for loads carried over spent fuel. 

3. 1(8). Similarly, an estimate of probability of excessive offsite releases, if a 

single-failure-proof crane is relied on, is between 2 x 10-9 and 

3. l 

3.2.1 

3.2.2 

3.2.3 

2.7 x 10~ 6 per reactor year with a median of 7.3 x 10-8 , for loads handled 

near spent fuel. 

Combining 3. l(A) and_ 3. l(B) through an 11 or11 gate gives a probability of a 

load drop resulting in offsite releases that exceed guidelines if a 

single-f.ailure-proof crane is provided of between 3 x 10-9 and 10-5 , with 
-7 a median of 2 x 10 per reactor year. 

Criticality 

This is the same as the probability of event 1. 2. l. 

This is the same as the probability 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 carry1ng 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 handling system for loads normally handled near 
, 

spent fuel. Event 3.2.3. 1 is the same as the probability of event 

3;. l.2(A); event 3.2.3.2. l is the same as the probability of event 
3. l.2(8); and event 3.2.3.2.2 __ is the_same as -the probability of -

event 1. 1.2. l. The potential for common ~ause effects for events 
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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(8). 

3.2 Combining probabilities, we obtain an estimate of th~ probability of 

a load drop causing criticality, where a single-failure-proof crane is 

provided, of less than 10-6 per reactor year. 

3. Combining 3.1 and 3.2 gives the following where a single-failure~proof 

crane is provided: 

3 x 10~ 9 ~ P(Consequences that Exceed Guidelines) < 10-5 with a median of 

2x 10-7 per reactor year. 
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Offsite Releases 2 x 10-1 o-+ 

Consequences 
Exceed 

Guidelines2 

1. 

2 x 10-10-+ 
4 X 10-6/Reactor Year 

Exceed 
1 4 X 10-6/Reactor Year Guidelines 

Criticality 
In Spent 

Fuel 
(Negligible) 

Pool Contains 
"Hot" Spent 

Fuel 

1.1 

2 x 10-9-+ 

2 x 10-5 / 

Reactor Year 

Load Drop On 
"Hot" SSent 

Fuel 

Pool Contains 
Highly Enriched 

Fuel 

Failure to 
Maintain 

Adeq. Boron 
Concern 

1.2 

Load Drop 
On "Off Load" 

Core4 

Load Falls In 
Orientation to 

Cause Criticality3 

1.1.1 1.1.2 1.2.1 
1.2.2 

1.2.3 1.2.4 
10-i-+ 
2 X 10-1 /Reactor Year 2 X 1 o-2 /Reactor 

Year 

Failure to 
Follow 

Prescribed 
Load Path 

Failure of 
Electrical 
lnterlock7 

Handling 
System 
Failure5 

1 1 2 1 1 .1 .2 .2 1 .1 .2 .3 
. . . 10-4-+ 

10-
2

-+ 5 X 10-
2

/Event10-3 -+ 10-2 /Demand 1.5 X 10-3 /Lift 
(or 2-+ 10 X's/Reactor 

Year) 

Evaluation Criteri.on I of Section 5.1 
2 Evaluation Criteria of Section 5.1 
3 Given That Events 1.2.1, 1.2.2, an,d 1.2.3 Occur 
4 Given That Event 1.2.1 Occurs 
5 Given That Events 1.1.2.1 and 1.1.2.2 Occur 
6 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 

10-1 -+ 

5 X 10-1 /Event 

Drop Occurs 
Over "Hot" 
Spent Fue16 

10-2 -+ 

10-1 /Event 

1.1.2.4 

2 x 10-9 -+ 10-3 -+ 

2 X 1 o-5 /Reactor 10-1 /Event 
Year 

FIGURE B-1 FAULT TREE FOR LOADS HANDLED NEAR SPENT FUEL POOL 
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2x10-s~ Consequences 
Exceed 

Guidelines 
3 X 10-5 /Reactor Year 

2 x 10-a~ Offsite Releases 
Exceed 

Guidelines 
3 X 10-5 /Reactor Year 

2 x 10-7 ~ 
1.5 X 10-4/Reactor Year ___ .. 

Load Drop 
On "Hot" 
Spent Fuel 

2.1.1 

2.1 

Pool Contains 
"Hot" Spent 

Fuel 

2.1.2 

Pool Contains 
Highly Enriched 

Fuel 

2. 

Criticality 
In Spent 

Fuel 

Handling 
System 
Failure 

2.2 

3 X 10-6 ~Negligible 

Failure to 
Maintain 

Adequate Boron 
Concentration · 

10-1 ~ 2.2.1 2.2.3 2.2.5 

Handling 
System 
Failure 

2.1.1.1 
10-4 ~ 

1.5 x 10-3 /Lift 

2 X 10-1 /Reactor Year 

2 x 10-3 ~ 

Load Brought 
Over "Off-Load" 

Core 

2.2.2 
Load Carried 
Over "Hot" 
Spent Fuel 

10-1 /Reactor Year 

Load Falls In 
Orientation 

to Cause 
Criticality 

2.2.4 

2 X 10-3 ~ Load Over "Hot" 
10-1 /Reactor Year Spent Fuel-"Hot" 

Fuel Not Segregated 

Load Over "Hot" 
Spent Fuel-"Hot" 

Fuel Segregated 

2 x 10-3 ~ 
10-11Reactor Year 

Failure to· 
Follow Prescribed 

Load Path 

-.1 

Failure to 
Segregate "Hot" 

Spent Fuel . 

-.2 
2 ~ 10 X's/Reactor Year 1 o-3 ~ 

10-2 /Reactor Year 

Failure to 
Follow Prescribed 

Load Path 

-.1 

Failure of 
Electrical 
Interlock 

-.2 
2 ~ 10 X's/Reactor Year 10-3~ 10-2 /Reactor Year 
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Consequences 
Exceed 

Guidelines 

3. 

3 x 10-9 ..... 
10-5 /Reactor Year 

Offsite 
Releases Exceed 

Guidelines 

3 x 10-9 ..... 
10-5 Criticality 

In Spent 
Fuel 

10-6 --> Negligible 

2x10-0 ..... 

Releases Exceed 
Guidelines Due 

To Loads Handled 
Over Spent Fuel 

3.1(A) 

3.1 

Releases Exceed 
Guidelines Due 

To Loads Handled 
Near Spent Fuel 

10-9 ..... 3.1 (B) 

Pool Contains 
Highly Enriched 

Fuel 

3.2.1 

3.2 

Load Falls In 
Orientation to 

Cause Criticality 

3.2.2 

6 X 10-6/Reactor Year 7 X 10-6/Reactor Year 5 X 10-3--> 10-3~ 
2 X 10-2 /Reactor Year 10-1 /Event 

5 x 10-2 ..... 

------~----~-- 2.5 x 10-
1 

10 2 '" 
- ..... 

Load Drop Causes 
Releases Beyond 

Guidelines 

Failure of 
Handling 
System 

/Event 

Drop Occurs 
Over Spent 

Fuel 

5 x 10-2 

Fail ure to 
Prescribed 
d Path 

Follow 
Loa 

10-1 --> 3.1.1(A) 3.1.2 (A) 3.1.3(A ) 3.1.4(B) 

·2.5 X 10-1/Event 4 x 10:.7 ..... 

10-4 /Reactor Year 
Pool Contains 
"Hot" Spent 

Failure of 
Handling 
System 

3 x 10-1 ..... 

Failure of Crane 
(With Load to be 

Brought Over 
Spent Fuel) 

8 X 10-5/Reactor Year 

2.8 x 10-6 ..... 
10-4 /Reactor Year 

Failure of 
One Set of 

Rigging 

Failure of 
Rigging 

3.1.2.2.1(A) 

Fuel 

10-1..... 3.1.1 (A) 

2 X 10-1 /Event 

10-7 ..... 

3 X 10-5/Reactor Year 

2 X 10-5 Failure of Crane 
2 X 10-3 (With Load to be 

Handled Near 
Spent Fuel) 

Failure of 5 X 10-2-+ 
Redundant or 2.5 X 10-1 

Alternate (Given First 
Rigging Set Fails) 
3.1.2.2.2(A) 

1 o-3 ..... 
2 x 10-2 

Reactor Year 

Failure of 
One Set of 

Rigging 

Failure of 
Handling 
System 

3.2.3 

10-6 ..... 

5 X 10-4/Reactor Year 
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Over "Hot" 
Spent Fuel 

3.1.3(B) 

7 x 10-5 --> 

10-1 ..... 

10-2/Event 

7 X 10-3/Reactor Year 

Failure of 
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5 X 10-5 ..... 

5 X 10-3/Reactor Year 

Failure of 
Redundant or 

Alternate Rigging 

3.1.2.2.1(B) 3.1.2.2.2(B) 

5 x 10-2 ..... .11 For Some Loads Safe Load Paths are Defined That Keep Loads 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. 
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"Load Hangup" 
Event 
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10-2 -+ 
10-1 (Given 
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First Compon
ent Fails) 
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CF.3.1(A) CF.3.2{A) 
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Failure of 
Handling 
System 

3.2.3 

10-3 -+ 
1 o-2 /Demand 

1 o-s -+ 
5 X 10-4/Reactor Year 

Failure of 
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10-2 -+ 10-1 
(Given That 
Lower Switch· 
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Failure of Handling 
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Failure of Handling 
System (With Load 

to be Handled 
Near Spent Fuel) 

8 x 10-7 -+ 
4 X 10-4/Reactor Year 

4 x 10-1 -+ 

4 x 1 o-5 /Lift 

3.2.3.1 

Failure of Handling 
System (With Load 

to be Handled 
Near Spent Fuel) 

-.1 
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2 x 10-5 """* Failure of 
Crane 2 X 10-3/Reactor Year 
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7 x 10-4 """* 
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Event 
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Failure of 
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That Doesn't 
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5 x 10-6 """* 
7 x 10-5 / 

Reactor Year Year Event 
Failure 

10-0 4 C.F.1 (B) C.F.2(8) 

10-5 """* 
1.4 X 10-4/Reactor 

Year 

Operator Error 
Leading to 

"Load Hangup" 

C.F.1.1(8) 

10-3 """* 
1.4 X 10-2 /Reactor 

Year 

Failure of 
Single 

Component 

C.F.2.1(8) 

10-3 """* 
2 X 10-2/Reactor Year 

Failure of 
Overload 

Device 

C.F.1.2(B) 
10-3 """* . 
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Failure of 
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APPENDIX C 

MODIFICATION OF EXISTING.CRANES 

The safe operation of cranes is necessary when hoisting or transferring loads 
that could cause the direct or indirect release of radioactivity if the load 
was dropped due to malfunction or failure of the crane. The guidelines of 
this report provide various alternative means of assuring 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 tifted 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 
limits and other systems intended 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 11 Single-Failure-Proof Cranes, 11 NUREG-0554, has been published 
providing guidelines that incorporate the above philosophy. Although titled 
11 Single-Failure-:-Proof Cranes, 11 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 incorporated in the report. The 
guidelines of NUREG-0554 are, briefly stated: 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

The allowable stress limits should be identified and be conservative 
'enough to prevent permanent deformation of the individual structural 
members when exposed to m.ax i mum load lifts. 

The minimum operating temperature of the crane should be determined from 
the toughness properties of the structural materials tha.t are stressed by 
the lifting of the load. J 

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. 

Automatic controls and limiting devices should be designed so that 
component or system malfunction will not prevent the crane from stopping 
and holding the load safely. 

Design of the wire rope reeving system should include dual wire ropes. 

Sensing devices should be included in the hoisting system to detect such 
items as overspeed, overload, and overtravel and cause the hoisting 
action to stop when limits are exceeded. , 

The reeving system should be designed against the destructive effects of 
11 two-blocking. 11 

C-1 



(8) The hoisting drum(s) should be protected against 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. 

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 i.f 
an equivalent degree of safety can be obtained by adding other features such 
as a higher design safety factor for a load~bearing component. 

Implementation of NUREG-0554 For Operating Plants 

In the case of a new crane. all the recommendations contained in NUREG-0554 
shQuld be followed; however, in the case of an existing crane that is to be 
upgraded to the guide lines of ·Sect ion 5. l. 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 fea)tures may not be practical since 
they would 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 
an existing crane in lieu of complying with certain recommendations of the 
NUREG-0554. 

(1) Paragraph 2.2 of NUREG-0554 recommends that the crane be designed to the 
MCL (Maximum Critical Load, defined in NUREG-0554) bat that those component 
parts that are subject to wear or degradation be designed to a greater 

(2) 

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 allow 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 limits the load which the wire rope and other 
wear susceptible components will experience. (NOTE: an overload sensing 
device that has been energized in order to stop the electric drive motor 
would not have adequately accomplished this due to the time delay inherent 
in such a device). ·· 

Paragraph 2.4 of NUREG-0554 recommends a coldproof test as an alternate 
method of assuring absence of brittle-fracture tendency in lieu of material 
testing for cranes that are already built and operating. For a modified 
crane in an operating plant, the coldproof te~t was omitted because the 
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minimum ambient temperature was 70°F (21°C), which exceeded the NOTT+ 
60°F requirement (o.f paragraphs NC-2300 and ND-2300 of Section III of the 
ASME Code) for most structural steels of comparable dimensions (NOTT is 
the 11 nil-ductility transition te~perature 11 ). 

(3) Paragraph 2.8 of NUREG-0554 recommends that preheat and postweld heat 
treatment temperatures be specified in the weld procedure. For a modified 
crane in an operating plant, the weldments may not have been heat treated 
in accordance with Subarticle 3.9 of AWS 01.1, 11 Structural Welding Code. 11 

As a substitute fqr 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 to ascertain that the 
weldments are acceptable. 

(4) Paragraph 4. l 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 limitatio~prevented the use of larger sheaves. However, a 
more frequent inspection program was included to assure the continued 
integrity of the wire r~pe. 

(5) Paragraph 4.3 recommends that the load blocks have two attachment points 
or hooks. Because of an existing building height limitation and difficulty 
in getting sufficient lift height at one installation being upgraded to 
single-failure-proof criteria, a single attachment sister hook was accepted. 
However, the safety factor was increased to 10:1 to compensate for loss· 
of the single-failure-proof feature and to equal the total safety factor 
for the wire rope. 

(6) Paragraph 4.9 of NUREG-0554 recommends that the hoist holding brake 
system be single-failure-proof. Normally the holdtng brakes are located 
near the motor drive in order to reduce the size of the brake unit, and 
consequently the gears or transmissions interposed between the motor 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 the 
need of the dual gear trains to provide assurance that the load will be 
safely held in case of a single failure. 

(7) Paragraph 4.5 of NUREG-0554 recommends load hangup protection. However, 
a system of interlock circuitry preventing movement of the trolley and 
the bridg~ while hoisting the load has been accepted in lieu of load 
hangup protection. 

(8) Paragraph 8.3 of NUREG-0554 recommends that if the design includes an 
energy-controlling device between the load and head blocks a test be made 
to verify the hoisting machinery's ability to withstand a 11 two-blocking 11 

event. 

As an alternative to designing to withstand a 11 two-blocking11 event, 
Paragraph 4.5 of NUREG-0554,allows the crane to be furnished with two 
independent travel limit switches. If this alternative is selected, the 
11 two-blocking11 test should be verification of the proper functioning of 
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these switches. In addition, some cranes are furnished with a load-limiting 
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 11 two-blocking 11 test may be made that demonstrates the proper functioning 
of the load limiter. 

(9) Paragraph 8.3 of NUREG-0554 also recommends a load hangup test. Where 
interlock circuitry is provided in lieu of load hangup protection, testing 
should be performed to verify the operability of the interlocks. 

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 ~omponents that are readily available. For 
certain cranes to meet the guidelines or alternatives to NUREG-0554, modifi
cations may be ·limited to addition of a double reeving system to the existing 
trolley. However, for other cranes, the entire trolley may need to be replaced. 
Such trolleys are commercially available as a retrofit unit, and at least one 
manufacturer's unit may be disassembled so as to permit it being transferred 
into areas with limited entrance sizes, such as a containment building 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 3.2. 

Implementation of the guidelines of Section 5. l will require that loads 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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REFUELING OPERATIONS 

CRANE TRAVEL - FUEL BUILDING 

LIMITING CONDITION FOR OPERATION 

APPENDIX D 

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.-lbs., if the loads are dropped. 

APPLICABILITY: With fuel assemblies and water in the storage pool. 

ACTION: 

With the reqyirements 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 potential impact energy due to dropping the crane's load shall be 
determined to be less than or equal ,to 240,000 in.-lbs. prior to moving each 
load over racks containing fuel. 

TROJAN-UNIT 1 3/4 9-7 

D:-1 

Amendment No. 34 
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