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LICENSEE'S STATEMENT OF MATERIAL FACTS
AS TO WHICH THERE IS NO GENUINE ISSUE TO

BE HEARD WITH RESPECT TO INTERVENOR'S CONTENTIONS

Pursuant to the requirements of 10 C.F.R. 5 2.749(a),

Florida Power 6 Light Company ("Licensee" ) offers the following

statement of material facts as to which there is no genuine issue

to be heard in support of "Licensee's Motion for Summary

Disposition of Intervenor's Contentions" ("Motion" ). All of the

affidavits cited herein have been included with the Motion.

ADMITTED CONTENTION 1

l. Admitted Contention 1 reads as follows:

That the calculation of radiological consequences
resulting from a cask drop accident are not conserva-
tive, and the radiation releases in such an accident
will not meet with the 10 C.F.R. Part 100 criteria.
(Originally Amended Petition Contention 3.)
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Memorandum and Order, Appendix A, p. 1 (April 20, 1988) .

2. For a postulated accident 10 C.F.R. Part 100

provides that: (a) an individual located at any point on the

exclusion area boundary for two hours immediately following. the

onset of the postulated fission product release would not receive

a total radiation dose to the whole body in excess of 25 rem or a

total radiation dose in excess of 300 rem to the thyroid from

iodine exposure; and (b) an individual located at any point on

the outer boundary of the low population zone who is exposed to

the radioactive cloud resulting from the postulated fission

product release (during the entire period of its passage) would

not receive a total radiation dose to the whole body in excess of

~ ~

~ 25 rem or a total radiation dose of 300 rem to the thyroid from

iodine exposure. 10 C.F.R. $ 100.11(a) (1988). Marschke.

Affidavit, ll 6.

3. Under the postulated accident conditions,

criticality would not occur. Turner Affidavit, 1l 34; Weber

Affidavit 1, fl 6.

4. For a cask drop accident at St. Lucie Plant, Unit

No. 1 ("St. Lucie 1"), the dose at the exclusion area boundary is

controlling. Marschke Affidavit, fl 8.

5. Under paragraph 15.7.5.EZ.1 of the Standard Review

Plan, NUREG-0800, ("SRP"), the potential radiological conse-

quences of a postulated cask drop accident should be "well-

within" the exposure guideline values of 10 C.F.R. Part 100.

Paragraph 15.7.5.IZ.l defines "well within" to mean 25 percent or



less of the 10 C.F,R. Part 100 exposure guidelines values; i.e.,
75 rem for the thyroid and 6 rem for the whole-body doses.

Mar schke Affidavit, 1I 9.

6. Section 15.7.5 of the SRP identifies Regulatory

Guide 1.25, "Assumptions Used for Evaluating the Potential
Radiological Consequences of a Fuel Handling Accident in the Fuel

Handling and Storage Facility for Boiling and Pressurized

Reactors," as the source of appropriate conser'vative assumptions

that should be utilized in performing the spent fuel cask drop

radiological consequence analysis. Marschke Affidavit, ([ 11.

7. The radiological impact of a postulated accident

involving a cask's dropping onto stored spent fuel assemblies

depends upon the amount of fission products of concern released

from the fuel in storage. In evaluating the consequences of a

cask drop accident for St. Lucie 1, the release fractions
specified in Regulatory Guide 1.25 were used, along with the

assumption that all fuel assemblies in the completely filled
spent fuel pool were ruptured. Marschke Affidavit, 1l 12.

S..The cask drop accident for the St. Lucie 1 spent

fuel, pool expanded capacity was analyzed for two different sets

of assumptions. The first case (Case 1) assumed that the

accident occurred after a series of refuelings followed by a

refueling in which 1/3 of the fuel assemblies in the core were

removed to the spent fuel pool and the spent fuel pool was filled
when the accident occurred. The second case (Case 2) assumed a

series of refuelings followed by a refueling in which all of the



fuel assemblies in the core were removed to the spent fuel pool

and the spent fuel pool was filled when the accident occurred.

In both cases, a non-mechanistic release of all of the radio-

active noble gases and iodine contained in the gas gap of all of

the fuel rods from all of the stored fuel in the pool was

assumed. Marschke Affidavit, (fll 13, 15 & first paragraph

numbered 17.

9. These assumptions for Case 1 and Case 2 were

conservative not only because all of the radioactive noble gases

and iodine were considered to be released, but also because all
of the fuel assemblies were assumed to be damaged. Marschke

Affidavit, fl 1j 15 & 17.

10. St. Lucie 1 Technical Specification 3.9.14

requires that, following normal refueling, when up to 1/3 of the

core is placed into the spent fuel pool (Case 1), 1,180 hours

must elapse prior to the movement of any spent fuel, cask into the

fuel cask area. This means that any fuel assembly damaged in a

Case 1 cask drop accident would have experienced decay of at

least 1,180 hours, If a Case 1 cask drop accident occurs 967 or

more hours after reactor shutdown, then the exclusion area

exposures will be 10% or less of the 10 C.F.R. Part 100

guidelines. Marschke Affidavit, 9 10 & Table 1.

ll. St. Lucie 1 Technical Specification 3.9.14 also

requires that, following the removal of the entire core (Case 2),

1,490 hours must elapse prior to the movement of the spent fuel

cask into the fuel cask area. This means that any fuel



assemblies damaged in a Case 2 cask drop accident would have~ ~

experienced decay of at least 1,490 hours. If a Case 2 cask drop

accident occurs 1,273 or more hours after reactor shutdown, then

the exclusion area exposures will be 10% or less of the 10 C.F.R.

Part 100 guidelines. Marschke Affidavit, 1! 10 & Table 1.

12. Exclusion area boundary doses were determined to

be "well within" the 10 C.F.R. Part 100 exposure guidelines

values for both Case 1 and Case 2. Marschke Affidavit, )ill 10,

16, second paragraph 17 & Table 1.

13. Thus, NRC regulatory, requirements and guidance are

met. Marschke Affidavit, 3(1l 9, 10 & 19.

14. Intervenor cites as the bases for Admitted

Contention 1 uncertainties identified in the Brookhaven National

Laboratory Report, "Severe Accidents in Spent Fuel Pools in

Support of Generic Safety Issue No. 82," NUREG/CR-4982, BNL-

NUREG-52093 (July 1987) ("BNL Report" ). The BNL Report attempted

to as'sess the likelihood and consequences of a severe accident in
a spent fuel storage pool involving the complete draining of the

pool. Weber Affidavit 1, 1t 5. Probability estimates that
structural failure of the spent fuel pool due to cask drop

accident occurs 'were considered in the BNL Report.'eber
Affidavit 1 (I 7 ~

15. The St. Lucie 1 spent fuel pool has a spent fuel
cask storage area located in the northeast corner of the pool.

This area is enclosed by steel built-up walls on the south and

west sides that extend above the top of the spent fuel assemblies
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stored in the spent fuel racks. The BNL Report on p. 37, n. "a,."

states that "some spent fuel pools have a special section for the

shipping cask separated from the main pool by a wall with a weir

or gate. For such a configuration the number of passes over the

pool edge would be zero and hence the risk to the main pool from

a cask drop would be zero." Such is the case for the St. Lucie 1

plant. Weber Affidavit 1, 3f 8.

16. In the St. Lucie 1 analysis the cask was analyzed

for a cask drop from the maximum height available for the crane

lift to the pool bottom mat. The cask was assumed to strike
perpendicular to the mat, at its thinnest location, for the

maximum impact energy. Potential energy losses due to exterior
'I

cask projections, splash down into water and piston action in the
~

~

~ ~

~

confined cask storage area were conservatively not taken into

account. The analysis also conservatively assumed that the cask

was a rigid body and did not take into account its ductility, or

energy absorption from cask deformation resulting from a cask

drop. The maximum stresses in the structure due to the cask drop

occurred for the load combination that included the minimum

outside winter temperature, as well as the cask drop stresses,

and the maximum dead and live loads in the pool. Weber Affidavit
1 fltl 10 6 11 ~

17. Safety factors determined by the analysis were

found to be greater than one and, therefore, the cask drop

accident vill not cause spent fuel pool structural failure.
Weber Affidavit 1, 1l 12.



18. It is possible that fine hairline cracks may

develop in local areas in the cask storage area. The amount of

water leakage through the hairline cracks would be relatively low

in volume and would easily be within the makeup capability of the

spent fuel pool makeup system. Therefore, the cask storage area

would not drain and no fuel assemblies would be uncovered, Weber

Affidavit 1, ~[ 12.

19. Even if the pool were somehow to drain,

criticality could not occur since there would no longer be any

moderator in the pool, a necessary condition for criticality.
Weber Affidavit 1, fl 6.

20. Other possible cask drop scenarios would be

bounded by the cask drop accident analyzed as to structural

damage to the spent fuel pool. Weber Affidavit, ll 13.

21. It can therefore be concluded that, if a spent

fuel cask is dropped, the spent fuel pool will maintain its
structural integrity and the accident will not cause water to

drain from the pool. Since the water inventory remains in the

pool, further accident progression dependent upon draining of the

pool need not be considered. Weber Affidavit 1< )I 14.

22. The probabilities and uncertainties identified in

the BNL Report from a postulated cask drop accident do not have

to be considered in the calculation of potential radiological

consequences since a conservatively assumed cask drop accident

will not cause structural failure which will drain the pool.

Weber Affidavit 1, )I 15.



23. It can be concluded that Licensee's analyses of

postulated cask drop accidents for damaged fuel were

conservatively performed and showed that any radiation releases

would be well within 10 C.F.R. Part 100 exposure guideline

values.

ADMITTED CONTENTION 3

l. Admitted Contention 3 reads as follows:

The Licensee and Staff have not adequately considered
or analyzed materials deterioration or failure in
materials integrity resulting from the increased
generation of heat and radioactivity as a result of
increased capacity in the spent fuel pool during the
period authorized by the license amendment.
(Originally Amended Petition Contention 6) .

Memorandum and Order, Appendix A, p. 1 (April 20< 1988).

2. The St. Lucie 1 spent fuel pool walls and floor

structural elements are reinforced concrete. Reinforced concrete

is especially suited to resist the effects of radiation and heat

in the spent fuel pool. The concrete can also readily be

designed to resist temperature gradients and resulting thermal

stresses through the structural elements by the addition of steel

reinforcement. Weber Affidavit 3, 1I 5.

3. The St. Lucie 1 spent fuel pool liner is made from

Type 304 stainless steel. Kilp Affidavit 3a, )l 4.

4. Type 304 stainless steel is a preferred material

for use in applications such as spent fuel pool liners because

of, among other things, its exceptional corrosion resistance to
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high temperature water and/or steam. Type 304 stainless steel is

used in nuclear power plants applications, including fuel

assembly components and piping. Kilp Affidavit 3a, (t 5.

5. 'he materials used for the fuel assembly structure

and for the fuel cladding were specifically selected for use in

reactors because of their resistance 'to deleterious property

changes in 'the high radiation fields characteristic of nuclear

reactors and to withstand the temperatures and heat loads present

in the reactor. Zircaloy is used for the cladding and end plugs

of the fuel rods (or pins) and is part of the fuel assembly

structure. Type 304 stainless steel, Type 304L stainless steel,

Inconel 718, Inconel X-750 and CF-3 (Type 304 stainless steel)

are also utilized in the remainder of the fuel assembly

structure. Kilp Affidavit 3b, fi1l 4 & 8 ~

6. The spent fuel storage racks, excluding the

Boraflex, are made from Type 304L stainless steel, except for the

feet, which are made from Type 17-4 Ph (or 17:4 Ph) stainless

steel. Type 304L stainless steel differs from Type 304 only in

that the former has a slightly lower carbon content. The Type

17-4 Ph stainless steel has comparable corrosion properties to

Types 304 and 304L. It is used for the feet on the racks to

prevent galling (adhesion of contacting surfaces) when threaded

into Type 304L. Type 304, Type 304L and Type 17-4Ph stainless

steels are also used within the primary systems of pressurized

water reactors. Kilp Affidavit 3a, 1l 6; Singh Affidavit 3/6,
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7. The Boraflex in the spent fuel storage racks
4

serves a neutron attenuation function. Singh Affidavit 3/6,

1I 12 ~

8. Boraflex is composed of a polymeric silicone
encapsulant entraining and fixing fine particles of boron carbide

in a homogeneous, stable matrix. The inherent stability of both

silicones and carbides results in compatibility with a variety of

chemical environments concurrent with strong ionizing radiation.

Singh Affidavit 3/6, 1i 13.

9. The physical characteristics of Boraflex allow

fabrication and handling in continuous pieces. Singh Affidavit
3/6 i '9 13.

10. Shortly after completion of a normal refueling

discharge into the spent fuel pool, the temperature of the water

in the pool could rise to a maximum of 133.3'F. After storage in

the pool for approximately 8 days, the temperature of the water

in the pool would then decrease to approximately 128'F. Weber

Affidavit 3, fl 12.

ll. Considering only heating due to the temperature of

the water in the pool, the maximum temperature of the structural
concrete at the interior surface in contact with the liner under

normal refueling discharge would be approximately 133 F, and it
also would decrease with time as the temperature in the water

decreased. Weber Affidavit 3< 1I 12.



12. Shortly after completion of a full core discharge

into the spent fuel pool, the temperature of the water in the

pool could rise to a maximum temperature of 150.8'F. After

storage in the pool for approximately 9 days, the temperature of

the water in the pool would decrease to approximately 1414F.

Weber Affidavit 3I 9 13.

13. Considering only heating due to the temperature of

water in the pool, the maximum temperature of the structural

concrete at the interior surface in contact with the liner under

full core discharge would be approximately 150'F, and that

temperature would also decrease with time as the water in the

pool decreased in temperature. Weber Affidavit 3, 0 13.

14. The maximum temperature of the concrete with gamma

and neutron (nuclear) heating would be less than 160'F, and the

temperature would also decrease with time as the water in the

pool decreased in temperature. Weber Affidavit'3, 1j 13.

15. Under loss of forced (pumped) cooling conditions,

temperatures of the water in the pool could reach boiling. Kilp

Affidavit 3a, (l 10.

16. The spent fuel pool liner and rack materials will
also be exposed to heat due to the temperature of the pool water.

Portions of the racks could also be subject to slightly higher

temperatures (a few degrees at most) due to localized gamma

heating. Kilp Affidavit 3a, 1l 10.
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17. The temperatures in the spent fuel pool are far

less severe than the temperatures experienced in a reactor.

Commercial reactors generally operate at coolant outlet

temperatures in the 500-640'F range, which is to be compared to

the short-time, maximum temperatures associated with pool

boiling, which might occur after a loss of forced cooling event.

Kilp Affidavit 3b, 1I 8.

18. Neutron flux levels in the spent fuel pool are

very low, reaching a very conservatively estimated maximum

integrated fluence of less than 5 x 10 neutrons/cm through the15 2

expiration of the St. Lucie 1 operating license. Turner

Affidavit, (I 39.

19. Fuel assembly structural materials and fuel
10cladding will receive an estimated dose of less than 5 x 10

rads while in the spent fuel pool. Turner Affidavit, fl 39.

20. Boraflex is expected to be exposed to radiation

dose levels of less than 10 rads through the expiration of the

St. Lucie 1 operating license. Turner Affidavit, ~f 39.

21. The steel liner and concrete structure of the pool

will be exposed to lower radiation levels because of the

shielding effect of the water. Turner Affidavit, 1I 39.

Calculations show that the maximum gamma radiation dose that

could be experienced by any portion of the structural concrete

would be less than 3 x 10 rads. Weber Affidavit 3, 1I 9,
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22. Alpha and beta radiation is of no consequence with

respect to the spent fuel pool structural concrete, since such

radiation is absorbed before it can reach the concrete. Gamma

and neutron radiation are the only types of radiation that need

be considered when evaluating radiation effects on the structural

concrete. Weber Affidavit 3, fj 7.

23. Experiments have indicated that concrete will
experience no significant change in its properties when exposed

to a total gamma dose of .up to 3 x 10 rads. Weber Affidavit 3,

9 ~

24. In order for the structural concrete to receive

the maximum gamma and neutron radiation total dose that could be

experienced, the most recently discharged fuel assemblies would

have to be stored in the same Region 1 location closest to the

walls every refueling outage and left there until the next

refueling outage. This process would have to be repeated until
the expiration of the St. Lucie 1 operating 'license. Weber

Affidavit 3 )l1i 8 & 9.

25. 'he maximum neutron integrated fluence that could

be experienced by any portion of the structural concrete would be

14
based on this „assumption and would be no more than 9.8 x 10

neutrons/cm.. Weber Affidavit 3, )j 10.

26. Experiments have indicated that concrete will
experience no significant damage to its properties when exposed

to a total neutron fluence of 3 x 10 neutrons/cm . Weber20 2

Affidavit 3, ll 10.
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27. Since the total gamma dose and neutron radiation

exposure experienced by the spent fuel pool structural concrete

as a result of reracking are much lower than the total exposure

that may cause radiation damage, there will not be any

appreciable deterioration of the structural concrete due to

radiation. ~ Weber Affidavit 3> fl

llew

28. The ASME Code Section III, Division 2, Concrete

Reactor Vessels and Containments, sets temperature limits for

concrete reactor vessels. The strength and serviceability
criteria of the code are applicable provided these temperature

limits are not exceeded. Weber Affidavit 3, 1( 15.

29. ACI 349, Code Requirements for Nuclear Safety

Related Concrete Structure, Appendix A, also establishes

temperature limits. Weber Affidavit 3, ll 16 ~

30. The structural concrete temperatures during both

normal spent fuel discharge and full core discharge do not exceed

the appropriate code requirements. Therefore, the strength and

serviceability capabilities of the spent fuel pool structural

concrete will be retained and the concrete temperatures will,not
cause deterioration of the concrete. Weber Affi'davit 3, 1l 20-

31. The St. Lucie 1 reinforced concrete pool structure

will withstand the radiation levels and thermal loads expected as

a result of the St. Lucie 1 spent fuel pool expansion since the

start of spent fuel pool storage until the expiration of the

operating license on March 1, 2016. The expected service

temperatures are well below the level that may cause deteriora-
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tion of the concrete, and the strength and serviceability of the

structural concrete will not be reduced. Weber Affidavit 3, )fll

21 & 22.

32. With respect to the strength of the pool under the

physical forces associated with thermal stress, the load-carrying

capacity of the pool was evaluated by conducting a detailed

computer analysis as part of the overall evaluation of the St.

Lucie 1 pool for increased capacity. Weber Affidavit 3, 1f 17.

33. All loads potentially imposed on the structure

were considered. These included the effect of heat from the pool

water and the concrete heating from gamma and neutron energy

deposition from the spent fuel; static loads resulting from the

~

~total dead weight, including full spent fuel racks in the pool;

dynamic loads associated with postulated earthquakes and cask

drop accidents; and the most severe load on the structure, caused

by temperature gradients due to boiling of the pool water when

the prevailing ambient temperature outside the pool was

conservatively assumed to be 40'F. Weber Affidavit 3, 1t 17.

34. -The results of the analysis show that the pool

will maintain its structural integrity even under the severe

conditions assumed. In this connection, the liner plate was

conservatively not considered to provide'structural capability in

the structural analysis of the pool. Weber Affidavit 3< 1l 18.

35, A separate analysis was performed to determine the

effects of thermal and other loads on the functionality of the

liner plate system. This analysis considered the potential for
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buckling of the liner plate, as well as stresses in welds and

embedded material associated with the liner system. The analyses

showed that there is no loss, of function under all postulated

conditions. Weber Affidavit 3, fl 18.

36. The results of the analysis of St. Lucie 1 spent

fuel pool storage structure to consider the effects of physical

forces associated 'with thermal stress demonstrate that the pool

will maintain its structural integrity even under the severe

conditions assumed. Weber Affidavit 3< ~l 19.

37. There are no anticipated effects from alpha and

beta radiation on the stainless steels used in the St. Lucie 1

spent fuel pool racks and fuel pool liner. Kilp Affidavit 3a,

1I 11 ~

38. Fast neutr'ons only can affect the physical

properties of the stainless steels used in the spent fuel pool

liner and storage racks at fluences many orders of magnitude
C

higher than the worst postulated over the pool life. An inte-

grated fast neutron fluence of 10 to 10 neutrons/cm. is17 18 2

needed before a measurable change in the properties of such

materials could be detected. This fluence level is what is

referred to as 'the "threshold" level for induced change. The

maximum integrated fluence for the St. Lucie 1 spent fuel pool is

estimated to be at least an order of magnitude below the

threshold level. Hence, the fast neutron exposure over the
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entire design lifetime of the St. Lucie 1 spent fuel pool will~ ~ ~

have essentially no effect on the pool liner and rack materials.

Kilp Affidavit 3a, fl 11.

39. Gamma radiation has no physical effects on the

stainless steels. used in the spent fuel pool liner and storage

racks. The only direct effect on the stainless steels is minor

heating due to attenuation. This effect would only amo'unt to a

few degrees at most, and be negligible compared to the pool water
\

temperatures of interest. Kilp Affidavit 3a, (I 12.

40. The stainless steels used in the St. Lucie 1 pool

liner and storage racks have been shown by test and experience to

be virtually immune to corrosion at spent fuel pool temperatures.

Type 304 stainless steel would not be expected to corrode more

than 6/10,000 inches after 100 years in an oxygenated, borated

environment like the pool water. This is to be compared to the

80/1,000 inch minimum dimension of any of the pool liner and rack

components. Additionally, since all these materials form

protective oxide films, no significant galvanic attack is
expected. Kilp Affidavit 3a, 1l 14.

41. Hydriding is of no concern for the stainless

steels under the duties of interest here. It is a'unction of

the corrosion rate, which is extremely small. Thus, the

hydriding rate in the pool will also be extremely small. Kilp

Affidavit 3a, 1t 15.
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42. The possibility of stress-corrosion cracking of

sensitized Type 304 stainless steel adjacent to welds in the

spent fuel pool liner is remote. Should it occur, it would be

minor. Kilp Affidavit 3a, 9 16.

43. Type 304L stainless steel has virtually no

possibility of stress-corrosion cracking because the lower carbon

utilized in this steel effectively prevents sensitization, even

during welding. Hence, the fuel racks are considered to be

immune to stress-corrosion cracking. Kilp Affidavit 3a, fl 17.

44. In sum, it can be concluded that there are no

materials degradation concerns for stainless steels used in the

St. Lucie 1 spent fuel pool liner and storage racks. Kilp
~

~

~Affidavit 3a, ll 20.

45. Virtually all radiation-induced changes to the

properties of the fuel assembly and cladding materials can be

attributed to fast neutrons. Upon discharge from the reactor,-a

typical fuel assembly would have accumulated a total fluence (or

exposure) of about 10 fast neutrons/cm . At the very low fast22 2

neutrons fluxes in the spent fuel pool, an assembly would incur

an estimated maximum additional fluence of less than 5 x 10 15

neutron/cm . This added neutron exposure from 40 years in a

spent fuel pool would be equivalent to less than 2 minutes in a

reactor operating at full power. Kilp Affidavit 3b, 1l 6.

46. It is evident that any radiation effects on fuel

cladding and fuel assembly materials attributable to increasing

the capacity of the spent fuel pool are negligible compared to
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pr'or reactor exposure. These materials are virtually immune toi
changes due to alpha, beta, gamma radiation, and the fast neutron

levels in the spent fuel pool (even over 40 years or more) are so

small as to be inconsequential. Hence, there is no threat to

materials integrity caused by the reracking due to the minor

increases in radiation compared to the original pool license.

Kilp Affidavit 3b, )I 7.

47. The fuel assemblies and fuel cladding were

designed and used materials to withstand the temperatures
and'eat

loads present in the reactor. Kilp Affidavit 3b, ll 8.

48. The Zircaloy alloy used for the fuel cladding and

the fuel assembly components has a very low corrosion rate at the
~ ~

~ ~

highest predicted spent fuel pool temperatures. At 500'F, the

corrosion rate of Zircaloy in water or steam is approximately

1/100,000 inches per year and results in an amount of corrosion

well under 10% of the Zircaloy thickness remaining after
discharge from the,.reactor. The expected corrosion rate for

Zircaloy under predicted normal spent fuel pool temperatures is
at least an order of magnitude lower than at 500'F. Kilp
Affidavit 3b, (i 9.

49. Since the corrosion rate is virtually nil, the

hydriding rate in the pool will be nil also and so of no threat

to the Zircaloy. Kilp Affidavit 3b, <I 10.
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50. The Zircaloy is also considered. to be virtually
immune to stress-corrosion cracking in spent pool water, so there

is no known threat to the integrity of the Zircaloy. Kilp

Affidavit 3b, fl 10.

51., Similar assessments were made of the other fuel

assembly materials, such as Type 304 stainless steel, Inconel X-

750 and Inconel 718. All of these materials have been shown to

be virtually immune to corrosion at spent fuel pool temperatures

and have at least as favorable temperature corrosion rates as

Zircaloy. Corrosion rates for the Inconels are at least as low

as that for Type 304 stainless steels. Additionally, since

stainless steel, Inconel and Zircaloy all form protective oxide

films, no significant galvanic attack is expected among these~

~

~

~

~

~ ~

~

~

~

materials. Kilp Affidavit 3b, fi 11.

52. No significant stress-corrosion cracking of

sensitized Type 304 stainless steel adjacent to welds in the fuel

assembly structure is expected to occur. Even if localized

stress-corrosion cracking were assumed to occur, it would not

affect the fuel pins. The fuel assembly structural materials do

not exhibit significant hydrogen pickup as they corrode. Kilp

Affidavit 3b, 1[ 12.

53. It can be concluded that since there are no fuel

assembly or fuel cladding materials degradation concerns, these

materials can be stored safely in the St. Lucie 1 spent fuel pool

from the present to the expiration of the St. Lucie 1 operating
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license on March 1, 2016. Cumulative experience from all over

the world supports this conclusion. Kilp Affidavit 3b, 1l)l 14 &

15.

54. Substantial information pertaining to the

performance characteristics of Boraflex has been developed from

testing. The results of this testing demonstrate the suitability
of Boraflex for use as a neutron absorber in spent fuel pool

environments. — Singh Affidavit 3/6, fl 15.

55. ~ Under testing, Boraflex exhibits excellent heat

aging chazacteristics. Singh Affidavits 3/6, 1I 16.

'56. Testing has also been performed confizming the

stability of the material in various chemical environments

including high temperature, borated water. Singh Affidavit 3/6,~

~1l 16 ~

57. Neutron absorption in Boraflex has.been measured

at various boron-10 loadings to confirm the absorptive

characteristics of the material. The measurements were made at

neutron energies representative of thermal neutrons which could

cause fission. Singh Affidavit 3/6, ~l 17.

58. Radiation exposure tests of Boraflex at total

equivalent doses at 10 rads have been performed. The test12

program was designed to identify the physical and chemical

characteristics of Boraflex under a variety of radiation levels<

radiation rates and environments. Singh Affidavit 3/6, 1L 18 '
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59. All evidence from the tests suggest that, at the

exposure levels expected in the spent fuel pool, Boraflex

maintained sufficient bend tolerance to withstand normal and

anticipated conditions of service in storage rack applications.

Evaluation of the data reveals no discernible effect of either

environment or irradiation on neutron absorption. The tests

resulted in no significant leaching of either boron or halogens.

Gas generation due to irradiation was evaluated and found to be

negligible. Singh Affidavit 3/6, 9 19.

60. Boraflex has also been tested under carefully

controlled conditions to determine its dimensional changes in a

precise manner under irradiation. Analysis indicates the total

in-plane shrinkage to be. less than 2.5%. Singh Affidavit 3/6,

20.

61. -This shrinkage was anticipated and accounted for

in the St. Lucie 1 rack design. Singh Affidavit 3/6, fl 20.

62. As stated in paragraph 20 above, the maximum

cumulative radiation dose to the Boraflex material in the St ~

Lucie 1 pool for all fuel
licensed life of the unit.

This is merely 10% of the

discharges until the end of the
llis not expected to exceed'0 rads.

10 rad equivalent radiation dose

given to this material in laboratory tests. Singh Affidavit 3/6i

1t 11 18 6 21.



23

63. Consistent with practice in the industry, the

racks used in the St. Lucie 1 spent fuel pool are of two types,

commonly referred to as Region 1 and Region 2 types. Singh

Affidavit 3/6, ~( 23.

64. Region 1 modules are of the so-called "flux-trap"

construction, which is an industry standard for modules of this

type. Singh Affidavit 3/6, 1l 24.

65. Each Region 1 box is equipped with a sheet of

Boraflex on each of its four sides. The Boraflex panel is

positioned in its place by a stainless steel sheathing. Singh

Affidavit 3/6, )t 25.

66. Region 2 rack modules are constructed from the

same basic elements as the Region 1 racks. The flux-trap gap

(water gap) is not required in the Region 2 module, and so is not

provided. The Boraflex panels are positioned in place by the

contiguous walls of the boxes and suitably located peripheral

strips. Singh Affidavit 3/6, 9 28,

67. A problem in the use of Boraflex has been

documented in NRC Staff's "Board Notification regarding Anomalies

in Boraflex Neutron Absorbing Material (BN-87-11)" and NRC

Information No. 87-43. The problem related to gap formation in

0
' ' ' f'd '. 13

68. For the St. Lucie 1 storage racks, established

industry practice in rack construction was followed in the

installation of Boraflex, with one difference based on~ ~

~

~

~

~experience. Previous manufacturing practice called for the use
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of a silicone based adhesive -to cement the material in its place.'

~
"' ' I ~ 8 h Q" d

'
p

fuel racks. The experience gained with Boraflex in operating

plants indicated that the twin effects of irradiation, namely

shrinkage and hardening, are best accommodated by providing

complete freedom to the Boraflex panels to undergo in-plane

dimensional changes and by installing Boraflex panels large

enough to allow the neutron absorption function to be carried out

even after shrinkage. Accordingly, the cementing glue was

eliminated for the installation of the Boraflex panels in the St.

Lucie 1 spent fuel racks, and provision was made in the manufac-

turing process to install the Boraflex panels in place with

minimal surface loading. Singh Affidavit 3/6, 1t 30.~ ~

69. The St. Lucie 1 racks are designed to provide

complete in-plane dimensional changes to Boraflex. The uncon-

strained Boraflex panel at Point Beach showed no gaps or breakage

when removed for inspection after extensive exposure. Singh

Affidavit 3/6, 1l 35.

* 70. It is therefore concluded that the design and

fabrication of the St. Lucie 1 racks incorporate proven

technology for Boraflex installation and positioning. The

d ly' * 1 d' p 0
'

2 * p bl

have been eliminated. Singh Affidavit 3/6, ll 36. In the

manufacture of the St. Lucie 1 racks, care was exercised to avoid

mechanical restraint that might contribute to the formation of

significant gaps in the Boraflex. Turner Affidavit, <I 38.



71. In sum, the results of the Boraflex testing

program and the design and fabrication of the St. Lucie 1 racks,

incorporating experience and proven technology for Boraflex

installation, have demonstrated the suitability of using Boraflex

as a neutron absorber for the storage of spent fuel in the St.

Lucie 1 spent fuel pool. Singh Affidavit. 3/6, 9'll 15 & 36.

AMENDED CONTENTION 4

l. Admitted Contention 4 reads as follows:

That the high-density design of'he fuel storage racks
will cause higher heat loads and increases in water
temperature which could cause a loss-of-cooling
accident and/or challenge the reliability and
testability of the systems designed for decay heat and
other residual heat removal, which could, in turn cause
a major release of radioactivity into the environment.
(Originally Amended Petition Contention 8) .

2. Upon discharge from the reactor, the heat genera-

tion rate of a spent fuel assembly is at its peak. The heat

generation rate initially exceeds the removal rate, thus causing

a gradual rise in the pool temperature. At the same time, the

heat removal rate increases. After a relatively short time, the

generation and removal rates equal each other, and it is this
point which marks the maximum pool temperature. Singh Affidavit
4/5, (t 14 and Figure 3.

3. The spent fuel pool cooling system ("SFPCS") is a

closed loop consisting of two pumps, one heat exchanger and

associated valves, piping and instrumentation. The SFPCS water
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transfers the decay heat generated by the spent fuel to the

component cooling water ("CCW") system. Singh Affidavit 4/5,

)I/I 12 & 13 and Figure 2; Houghtaling Affidavit 4/5< 1I 5 ~

4. The SFPCS heat exchanger is of a horizontal shell
and tube design with a two-pass tube side. The SFPCS water

circulates through the tube side and the CCW circulates through

the shell side. The spent fuel pool pumps are of the horizontal

centrifugal type with mechanical seals. Each pump is driven by a

40HP, 3-Phase, 460 Volt AC motor. Houghtaling Affidavit 4/5,

ll 6 ~

5. There are several sources of makeup water

available on the site. These sources include the Refueling Water

Tank ("RWT"), the Primary Water Tank ("PWT") and the city water

tank. There is also water available via a crosstie to the intake

cooling water ("ZCW") system. This system is seismic Category I
and is capable of providing the design capacity of 150 gpm to the

spent fuel pool. Adequate time exists for makeup water to be

provided to the spent fuel pool, and 150 gpm is more than

adequate to maintain the spent fuel pool water level, should

there be an extended loss of forced cooling, even under maximum

abnormal heat load (full core discharge) conditions. Houghtaling

Affidavit 4/5 i 1l 8 ~

6. The SFPCS normally operates with one pump in

service. Water circulates around the fuel bundles removing heat

by forced convection. The heated water is pumped from the spent
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fuel pool through the spent fuel-pool heat exchanger. The heat

exchanger transfers the decay heat to the CCW system.

Houghtaling Affidavit 4/5, 0 9.".

7 ~ Failure of a SFPCS pump or loss of CCW will be

annunicated in the control room, and that is sufficient time for
operators to diagn'ose and resolve the problem. Houghtaling

Affidavit 4/5, 1I 9.

8. The CCW system consists of three loops: two

safety loops and a common non-safety loop. Each of the safety

loops has,its own pump which is independently powered. A third

pump is available and can be aligned with either of the two

safety loops. The safety loops are redundant, and the CCW system

is capable of removing the maximum abnormal heat load from the

spent fuel pool with only one loop operating. The system is
monitored routinely. Houghtaling Affidavit 4/5, fi 10.

9. Section 9.1.3 of the SRP, provides acceptance

criteria for the NRC Staff's review of the heat transfer

capability of the SFPCS, under normal and abnormal discharge

conditions. These, criteria have been derived from 10 C.F.R. Part

50, Appendix A, General Design Criteria. Section 9.1.3 specifies

that under normal discharge conditions the spent fuel pool

temperature should not exceed 140'F, and 'under abnormal discharge

conditions it should not exceed boiling. Singh Affidavit 4/5,

1l 22.



28

10. The Licensee has performed a decay heat analysis

for the SFPCS under normal and abnormal conditions. This

analysis is modeled after NRC Branch Technical Position ASB 9-2

and shows that under normal discharge conditions the pool

temperature will not exceed 133.34F, and under abnormal discharge

conditions it will not exceed 150.8'F. These values meet the

acceptance criteria set forth in Section 9.1.3 of the SRP.

Moreover, this conclusion is supported by the NRC's independent

calculations as set forth in their March ll, 1988 Safety

Evaluation. Singh Affidavit 4/5, )Ill 23 6 25 ~

11. The increase in fuel storage will not affect the

reliability ano testability of the SFPCS. All of the system's

components, including electrical components, have been specified

to operate continuously without degradation at their maximum

design temperature. These temperatures are above the expected

maximum operating temperatures. In addition, the electrical
equipment is remotely located and, thus, is not affected by pool

area environmental conditions. Finally, all critical components

are regularly tested in accordance with the St. Lucie 1 Technical

Specifications, and the increase in fuel storage will not change

any of the testing requirements. Houghtaling Affidavit 4/5,

)I 17 ~

12. A zirconium cladding/water reaction is only

possible at temperatures above those which can be achieved when

the spent fuel pool water level is such that the fuel assemblies

are partially covered. Singh Affidavit 4/5, 0 28.
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13. The Licensee has performed a loss of forced

cooling analysis and determined that the time from loss of forced

pool cooling until the pool water boils for the normal discharge

condition is 13 hours and for the abnormal discharge condition,

it is 5 hours. If the pool were to boil, it would take an

additional 92 hours for the normal case and 46 hours for the

abnormal case before the fuel would begin to be uncovered. This

long lead time would allow sufficient time to provide makeup

water, Singh Affidavit 4/5, 1I)f 26-29; Houghtaling Affidavit 4/5,

18 '4. Before boiling occurs, heat is transferred to the

pool water by convection. As the water temperature of the spent

fuel pool increases, so does the surface temperature of the

stored fuel rods, until bubbles of steam start to form. This

phenomenon is called Nucleate Boiling. Singh Affidavit 4/5,

1l 29 ~

15. The Licensee has evaluated the potential for
departure from nucleate boiling ("DNB"). The Nucleate Boiling

mode of heat transfer is very effective for cooling the fuel

rods, and their surface temperature would stabilize below 300'Fi

a temperature" well below that at which any cladding damage could

occur. Furthermore, this temperature is'well within the Nucleate

Boiling regime with no possibility of DNB. Singh Affidavit 4/5,

1i 30.
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ADMITTED CONTENTION 5

1. Admitted Contention 5 reads as follows:

That the cooling system will be unable to accommodate
the increased heat load in the pool resulting from the
high-density storage system and a full core discharge
in the event of a single failure of any of the pumps on
the shell side of the cooling system and/or in the case
of a single failure of the electrical power system to
the pumps on the pool side of the spent fuel pool
cooling system. This inability will, therefore, create
a greater potential for an accidental release of
radioactivity into the environment. (Originally
Amended Petition Contention 9).

Memorandum and Order, Appendix A, p. 2 (April 20, 1988).

2. The mechanical portions of the SFPCS have been

described in detail in connection with Admitted Contention 4,

suura. See especially, 'll'll 3-4 & 6.

3. Essentially, the SFPCS consists of two 1,500 gpm

centrifugal pumps, one heat exchanger, piping and associated

valves and instrumentation. Houghtaling Affidavit 4/5, (l~t 5 & 6.

4. During normal conditions, one fuel pool pump and

the heat exchanger are placed in service. During abnormal, or

full core discharge conditions, two fuel pool pumps and the heat

exchanger are in service. Singh Affidavit 4/5, <j 17; Houghtaling

Affidavit 4/5, li 9 ~

5. The fuel pool water is drawn from the pool near the

surface and is circulated by the pump(s) through the heat

exchanger where the decay heat is rejected to the CCW system.

Houghtaling Affidavit 4/5, 9 5.
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6. The CCW system removes heat from the SFPCS heat

exchanger and rejects it to the ZCW system. Houghtaling

Affidavit 4/5, fl1l 5 6 11.

7. The CCW flows on the shell side of the heat

exchanger while the SFPCS water flows in the tubes. Singh

Affidavit 4/5, Figure 2.

8. The CCW system consists of three loops: two safety

loops, A and B, and a common non-safety loop. The safety
loops'ach

have their own pump, which is independently powered. There

is a third pump available and it can be aligned with either of

the two safety loops. The CCW system is capable of removing the

abnormal maximum heat load from the spent fuel pool during

~ ~

~

~

~

~ ~ ~

~

operation with only one loop operating. The CCW system is
monitored on a routine basis. Houghtaling Affidavit 4/5, )I 10.

'I

9. The SFPCS pumps are powered by independent power

supplies. The pumps are capable of receiving backup power from

the Emergency Diesel Generators, and sufficient time and capacity

exist to do so. All active components in the CCW system are

powered from safety related power sources. All A train
components receive A power and all B train components receive B

power. Both the components and power supplies are separate and

independent. The CCW system is loaded onto the the Emergency

Diesel Generators in the event of loss of off-site power.

Houghtaling Affidavit 4/5, 'll 7.
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10. A single active failure of a SFPCS pump, either

the=pump or the power supply, will reduce the cooling flow to

that of one pump. If this occurs, the maximum pool temperature

will be 133.3'F for the normal discharge case, and less than

167'F for the abnormal discharge case. These temperatures are

acceptable under the guidance provided in the SRP, even when no

failures are assumed. Houghtaling Affidavit 4/5, fili 14 & 15.

ll. A single active failure of a pump in the CCW

system would not further reduce cooling to the spent fuel pool

because there is spare pump available to that system. Failure of

a power supply to one train of the CCW system could reduce the

CCW system to one pump since it might not be possible to align

the spare pump to the same electric bus that the operating CCW

train pump would be using, However, even under this scenario,

the CCW system is fully redundant and is capable of removing the

abnormal maximum heat load with only one pump operating.

Houghtaling Affidavit 4/5, ~t 15.

12. There are two SFPCS pumps which are independently

powered. It is unlikely that both pumps would fail by either, a

mechanical failure or loss of power supply. The CCW system, to

which the SFPCS transfers decay heat, is fully redundant and no

single active failure could reduce its capacity below that

required. Therefore, a total loss of forced cooling is unlikely.

Houghtaling Affidavit 4/5, ~l 16.
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13. Even in the unlikely event of a total loss of

forced cooling, it would take approximately 13 hours under normal

discharge cond'tions and 5 hours under abnormal discharge

conditions for the spent fuel pool to boil. Even if the pool

were to boil, it would take approximately 52 hours to reach the

minimum acceptable water level of 10 feet above the fuel (as

specified in the SRP) for the normal discharge case, and

approximately 26 hours for the full discharge case. This is

amount of time is sufficient to provide makeup water to the spent

fuel pool. Houghtaling Affidavit 4/5, fl 18.

14. There are many sources of makeup water available,

including: the RWT; the PWT; and the city water tank. Makeup

water is also available via a crosstie to the ICW system. The~
~

ICW system alone is capable of providing 150 gpm to the spent

fuel pool, which is more than adequate to maintain the spent fuel

pool water level even under maximum abnormal heat load

conditions. Houghtaling Affidavit 4/5< 9 8.

15. The multiple makeup water sources are capable of

'supplying sufficient water to maintain the pool level even under

the worst postulated conditions, thus the fuel will remain

covered and the bulk pool temperature will not exceed boiling.

Even if the pool boils, the maximum fuel 'cladding temperature

will be maintained well below the point where any fuel damage

would occur because the spent fuel pool is not pressurized and,
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therefore, the bulk pool temperature cannot exceed the boiling
temperature. Houghtaling Affidavit 4/5, 9 18; Singh Affidavit
4/5t fill 27 30

'6. In sum, and consistent with the requirements of

Criterion 44 of Appendix A to 10 C.F,R. Part 50, the SFPCS is
capable of maintaining the fuel pool temperature within

acceptable limits, even under full core discharge conditions,

with a single active failure on the shell and/or pool side of the

heat exchanger. Even if a complete loss of forced cooling were

to occur, the fuel would be kept covered and maintained at a safe

temperature, given the multiple sources of makeup water and the

long lead time before the pool water level could reach an

unacceptable level. Houghtaling Affidavit 4/5, (l1l 4< 15 & 19.

ADMITTED CONTENTION 6

l. Admitted Contention 6 reads as follows:

The proposed use of high-density racks designed and
fabricated by the Joseph Oat Corporation is utilization
of an essentially new and unproven technology.
(Originally Amended Petition Contention 11).

Memorandum and Order, Appendix A, p. 2 (April 20, 1988).

2. The gaps in the neutron absorbing components of the

0
' 'g -d '

p I g . 'd 'f'
NRC Information Notice No. 87-43, and "Board Notification
regarding Anomalies in Boraflex Neutron Absorbing Material (BN-
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87-11)," were attributable to mechanical restraint of Boraflex

undergoing shrinkage cause by irradiation. Turner Affidavit,
)I1I 35-36 '.

The NRC Staff's "Board Notification Regarding

Anomalies in Boraflex Absorbing Material (BN-87-11)," also

referenced the Point Beach report concerning Boraflex anomalies.

The discoloration of the Boraflex and the absorption of spent

fuel pool water observed at Point Beach were determined to have

no effect on the neutron absorption capability of the Boraflex.

Turner Affidavit, <I 37.

4. Experimental irradiation programs conducted on

t bq ~ 'yEgpg''h
shown that, upon irradiation, Boraflex undergoes shrinkage and

hardens. The material then exhibits increased compressive

strength and reduced tensile strength. Gaps may occur if the

Boraflex panels are too rigidly constrained mechanically,

preventing their free contraction when shrinkage occurs under

irradiation. Turner Affidavit, 1I 37.

5. The same irradiation program (and prior evidence)

confirmed that there is no loss in the boron-10 content and,

therefore, the Boraflex is capable of continuing to perform its
intended function of maintaining reactivity within the acceptable

limit. Turner Affidavit, )i 37.
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6. In the manufacture of the St.- Lucie 1 storage

racks, care was exercised to avoid excessive mechanical con-

straint that might contribute to the formation of significant

gaps in the Boraflex. Turner Affidavit, 3t 38.

7. The neutron attenuation function in the St. Lucie 1

spent fuel storage racks is achieved by the combined action of

water and a widely used neutron absorbing material —Boraflex.

Singh Affidavit 3/6, (I 12
'.

Since the early 1980s, Boraflex has become the

preferred neutron attenuation material in high-density racks.

Singh Affidavit 3/6, ll 12. Twenty-seven nuclear power reactors

have used Boraflex as a neutron absorbing material. Singh

iAffidavit 3/6, Table A.

9. Boraflex is comprised of a polymeric silicone

encapsulant entraining and fixing fine particles of boron carbide

in a homogenous, stable matrix. The inherent stability of both

silicones and carbides results in compatibility with a variety of

chemical environments concurrent with strong ionizing radiation.

S ingh Affidavi t 3/6, 1( 13.

10. Substantial information pertaining to the

performance characteristics of Boraflex has been developed from

testing. The results of this testing demonstrate the suitability
of Boraflex for use as a neutron absorber in the spent fuel pool.

environment. Singh Affidavit 3/6, (j 15.
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ll. Under testing, Bora'flex exhibits excellent heat

aging characteristics. Testing has also been performed

confirming the stability of the material in various chemical

environments, including high temperature, borated water. Singh

Affidavit 3/6< ff 16.

12. The neutron absorption capability of Boraflex was

measured at various boron-10 loadings to confirm the absorptive

characteristics of the material. The measurements were made at
neutron energies representat've of thermal neutrons which could

cause fission. Singh Affidavit 3/6, )l 17.

13. Radiation exposure tests of Boraflex at total
equivalent doses of 10 rads were performed. The test program12

was designed to determine the physical and chemical charac-
'teristics of Boraflex under a variety of radiation levels,

radiation rates and environment. Singh Affidavit 3/6, )I 18.

14. The exposed samples were evaluated for the effects
of radiation on a number of physical and chemical charac-

teristics. All evidence from the tests suggests that, at the

exposure levels expected, Boraflex maintains sufficient bend

tolerance to withstand normal and anticipated conditions of

service in storage rack applications. Evaluation of the data

reveals no discernible effect of either environment or irradia-
tion on neutron absorption. The tests resulted in no significant
leaching of either borons or halogens. Gas generation due to

irradiation was evaluated and found to be negligible. Singh

Affidavit 3/6 < fl 19.~

~
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15. Most recently, Boraflex was tested under
carefully'ontrolled

conditions to determine precisely its dimensional

changes under irradiation. Analysis indicates total in-plane

shrinkage to be less than 2.5%. Singh Affidavit 3/6, )i 20.

16. The maximum cumulative radiation dose to the

Boraflex material in the St. Lucie 1 pool for all fuel discharges

until the end of the licensed life of St. Lucie 1 is not expected

to exceed 10 rads. This is merely 10% of the equivalentll
radiation dose of 10 given to this material in the laboratory

tests, described above. Singh Affidavit 3/6i ll 21.

17. An inservice surveillance program at St. Lucie 1

has been established to periodically verify the integrity of the

~

~

~

~

Boraflex neutron absorber material. Surveillance coupons (test

specimens), mounted in stainless steel jackets representative of

the actual rack materials and configuration, are suspended in the

pool in a manner so as to be exposed to the same or greater

radiation than the Boraflex in the racks. These surveillance

coupons are removed periodically and are tested and evaluated to

provide an indication of the condition and integrity of the bulk

Boraflex in the racks. These tests include the determination of

any dimensional changes, material hardness as an indication of

structural durability, and both neutron radiography and measure-

ment of neutron absorptivity to ensure the continuing effective-

ness of the Boraflex in providing reactivity control. Turner

Affidavit, (I 40 ~
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18. All aspects of rack technology employed for

producing the St. Lucie 1 racks utilize a proven and widely used

technology, and reflect established industry practice. Singh

Affidavit 3/6< 1I 22
'9.Consistent with practice in the industry, the St.

Lucie 1 rack modules are of two basic types, commonly referred to

as Region 1 and Region 2. Singh Affidavit, )I 23.

20. Region 1 modules are of the so-called "flux-trap"

construction, which is an industry standard for modules of this

type. Seam welding equipment and process used in constructing

the modules are examples of standard technology used in the

manufacturing of spent fuel storage racks by the Joseph Oat

Corporation. Singh Affidavit 3/6, 9 24.

21. Each Region 1 box is equipped with a sheet of

Boraflex on 'each of its four sides. The Boraflex panel is

positioned in its place by a stainless steel sheathing which also

serves to protect the Boraflex material from accidental dents.

The stainless steel box surrounded by Boraflex on four sides is a

universally employed technology. Singh Affidavit 3/6, 1I 25. The

boxes are held in a vertical disposition and connected to each

other by longitudinal connector channels. The joining of boxes

to provide a honeycomb construction is another aspect of the

proven and widely used technology employed in the fabrication of

the St. Lucie 1 Region 1 spent fuel racks. Singh Affidavit 3/6,

1f 26.
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22. Region 2 modules are constructed from the same

basic elements as the Region 1 racks. A flux-trap gap (water

gap) is not required for Region 2 modules and, therefore, is not

provided. The Boraflex panels are positioned in place by the

contiguous walls of the boxes and suitably located peripheral

strips. Singh Affidavit 3/6I )I 28.

23. All of the above-mentioned features of the St.

Lucie 1 storage rack construction are routinely used in the

industry and represent total conformance with the industry norm.

Singh Affidavit 3/6, 9 29.

24. Joseph Oat Corporation has extensive experience in

the manufacturing of spent fuel storage racks using Boraflex

~

~

~

~

~

~

~

~

~

panels. Singh Affidavit.3/6, Lt 31; Table B.

25. All significant construction features of the

Region 1 and Region 2 racks for St. Lucie 1 are direct adapta-

tions of established technology. Moreover, the production

control methods in use at the Joseph Oat Corporation are derived

from two decades of nuclear component manufacturing experience.
'

Singh Affidavit 3/6, ll 32.

26. For the St. Lucie 1 storage racks, established

industry practice in rack construction was followed in the

installation of Boraflex, with one difference based upon

experience. Previous manufacturing practice called for the use

of a silicone-based adhesive to cement the material in its place.

" '"'w" "" "* '*' ''< <" ""'"—'' '" 'v'""
fuel racks. The experience gained with Boraflex in operating
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, plants indicated that the twin effects of irradiation, namely

shrinkage and hardening, are best accommodated by providing

complete freedom of Boraflex panels to undergo in-plane

dimensional changes, and by installing Boraflex panels large

enough to allow the neutron absorption function to be carried out

even after shrinkage. Accordingly, the cementing glue was

eliminated, and provision was made in the manufacturing process

to install Boraflex in place with minimal surface loading. Singh

Affidavit 3/6, fl 30.

*h 0
' '* d d'f d ~ "

from the St. Lucie 1 storage racks. The fabrication process

associated with in'stallation of the Boraflex was also different.
The storage cells were not assembled from boxes. Singh Affidavit
3/6g 1j 33. *hQ''pyd- lid
"cruciform" construction, where angles are welded together along

l

the edges in a fixture so as to form a cruciform. The Boraflex

is contained between the faces of the angle. Cruciforms are

attached to each other by welding along their junction. This

welding must be done remotely, and, therefore, its quality
depends on the flatness and straightness of the cruciform

surfaces. It was this fabrication process, as well as the use of

adhesive during Boraflex installation, that led to excessive

restraint of the Boraflex panels and their subsequent cracking

and gapping following shrinkage upon irradiation at the Quad

Cities facility. Singh Affidavit 3/6, )t 34.~ ~

~

~ ~

~
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29. The unconstrained Boraflex panel at Point Beach

showed no gaps or breakage when removed for inspection after
extensive exposure. Singh Affidavit 3/6, 1l 35.

30. St. Lucie 1 racks are designed to provide complete

in-plane dimensional changes to Boraflex. Singh'ffidavit 3/6,
35 '1.

The driving mechanism of any Boraflex degradation

are radiation induced changes in the structure of the Boraflex.
Changes in Boraflex structure are significant only to the extent
that they cause or result in the loss'of boron and, hence, reduce

the effectiveness of the Boraflex in controlling the reactivity.
Turner Affidavit, 1f 39.

32. Tests have confirmed that no significant loss of
boron occurs upon irradiation up to total equivalent radiation
levels in excess of those expected through the expiration of the

St. Lucie 1 operating license on March 1, 2016. In some of these

tests, the Boraflex has been irradiated to accumulated equivalent

doses in excess of 10 rads. By comparison, 'the materials in
the St. Lucie 1 spent fuel storage racks, including Boraflex, are

expected to be exposed to radiation dose levels less than 10 ll
rads through the expiration of the St. Lucie 1 operating license.
Test irradiation programs have exposed Boraflex samples to the

equivalent of several hundred years use in the St. Lucie 1 spent

fuel pool. Turner Affidavit, )I 39.
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33. The Boraflex absorber material is expected to

perform its intended function for the storage lifetime of the St.

Lucie 1 spent fuel storage racks. It is also expected that any

gaps that might be generated in the Boraflex absorber sheets will
not increase k-eff above the limiting value of 0.95, even if gaps

I I '* I d I ' I I d.

Affidavit, ft 41.

34. The planned St. Lucie 1 Boraflex surveillance

program is adequate to reveal the onset of any greater-than-
I

expected degradation well in advance of its becoming a signifi-
cant problem. Moreover, the soluble boron present in the pool

water would afford ample opportunity to take any corrective

action that might be necessary. Turner Affidavit, 1l 41,

35. It can be concluded that the design and

fabrication of the St. Lucie 1 spent fuel storage racks incorpo-

rate proven technology for Boraflex installation and positioning.
!'"~ "Ed "I "I "I!—"

problems, as described in NRC Information Notice No. 87-43, and

"Board Notification regarding Anomalies in Boraflex Neutron

Absorbing Materi;al (BN-87-11)," have been eliminated. The rack

modules at St. Lucie 1 are based on needed refinements of

established technology. All aspects of their construction embody

proven ideas and well-established fabrication techniques. Singh

Affidavit 3/6, )I 36; Turner Affidavit 1t(f 35-38 ~
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ADMITTED CONTENTION

l. Admitted Contention 7 reads as follows:

That the increase of the spent fuel capacity which
includes fuel rods that are more highly enriched, will
cause the requirements of ANSI-N16-1975 not to be met
and will increase the probability that a criticality
accident will occur in the spent fuel pool and will
exceed 10 CFR Part 50, A 62 Criterion. (Originally
Amended Petition Contention 15).

Memorandum and Order, Appendix A, p. 2, (April 20, 1988).

2. A high density storage rack design with Boraflex

absorber plates, comparable to designs currently being used in

numerous other nuclear plants in this country and abroad, was

utilized in order to provide increased capacity for the safe

storage of spent fuel in the St. Lucie 1 pool. Turner Affidavit,

3. The expanded fuel storage racks at St. Lucie 1 are

of the two-region design, with Region 1 being designed to

accommodate fresh'unirradiated fuel, and Region 2 designed for

storage of spent fuel of a minimum specified burnup that, in

turn, depends upon the initial enrichment of the particular fuel

batch. Tur ne r Affidavit, fl 6.

4. Region 1 is designed to safely accommodate fuel of

the highest reactivity anticipated to be stored in the pool<

i. e., fresh uranium fuel, enriched to 4. 5 weight percent in the

uranium-235 isotope. Since fresh fuel is more highly reactive

than fuel which has been used in a reactor, fuel of any burnup

may be stored in Region 1 with assurance that the k-eff will be

less than the maximum design case. Region 1, therefore, is
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intended to provide safe storage for fresh fuel, to accommodate a

"full core off-load when required, and to store fuel whose burnup

does not satisfy the criteria for storage in Region 2 of the

pool. Turner A'ffidavit, fl 7.

5. Region 2 provides storage for spent fuel of

suf ficient, burnup. Reactivity of the fuel assemblies decreases

substantially as burnup is accumulated (and the fissile material

is depleted). Region 2 is designed to safely store fuel of 4.5%

initial enrichment which has accumulated a burnup of at least

36,500 megawatt days per metric ton of uranium (MWD/MtU)~ A

sim'ar minimum or limiting fuel burnup has also been established

analytically for fuel of lower fuel enrichment and these data

define the bounding condition of burnup for acceptable storage in~

~

~ ~

~Region 2. Turner Affidavit, ~t 8.

6. The term "effective multiplication factor" is
defined as the ratio of the number of neutrons per unit of time

produced in the fission process, to the number of neutrons per

unit of time absorbed or escaping. The effective multiplication
factor, commonly called k-eff effective or k-eff, is a measure of

the ability of a system to sustain a fission reaction.

Criticality occurs whenever the k-eff reaches or exceeds a value

of 1.0, because at least as many neutrons are being produced as

are being lost by capture and leakage,. For a k-eff less than
J

l.0, the fission rate cannot be sustained. Turner Affidavit<
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7. The margin below a k-eff of 1.0 is the safety

margin to criticality and this subcritical margin is the

difference between 1.0 and the k-eff of a given system. NRC

guidelines for pool fuel storage racks require that the maximum

k-eff, including all known uncertainties, be equal to or less

than 0.95, a value which provides a substantial subcritical
margin. Turner Affidavit, 9 13.

8. General Design Criterion 62 of Appendix A to 10

C.F.R. Part 50 governs the safe storage of reactor assemblies.

Zt states that "Criticality in the fuel storage and handling

system shall be prevented by physical systems or processes,

preferably by the use of geometrically safe configurations."
Turner Affidavit, )l 17.

9. Primary NRC guidance for acceptable implementation

of General Design Criterion 62 is provided in section 9.1.2,
"Spent Fuel Storage," of the NRC Standard Review Plan (NUREG-

0800). It states that the NRC staff will accept storage racks if
"the center-to-center spacing between fuel assemblies and any

strong fixed neutron absorbers in the storage racks is sufficient
to maintain the array, when fully loaded and flooded with non-

borated water, in a subcritical condition. A k-ef f of not

greater than 0.95 for this condition is acceptable." Turner

Affidavit, )( 18.
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10. Incorporated into NRC guidance is the "double

contingency principle" of ANSI N16.1-1975, "Nuclear Criticality
Safety in Operations with Fissionable Materials Outside

Reactors." The double contingency principle is stated as follows:
Process designs should, in general, incorporate
sufficient factors in safety to require at least two
unlikely, independent, and concurrent changes in
process conditions before a criticality accident is
possible.

Turner Affidavit, )l 19.

ll. Clarification of NRC guidance is provided in NRC s

"OT Position for Review and Acceptance of Spent Fuel Storage and

Handling Applications" (April 14, 1978), which sets forth in
detail the NRC's acceptance criteria for spent fuel storage~

~

~

~

~

~

~

~

~

~

pools. Section III.1.5 of this guidance emphasizes that the

"neutron multiplication factor in spent fuel pools shall be less

than or equal to 0.95, includin all uncertainties, under all
conditions." (Emphasis in the original.) Turner Affidavit, 1f 22.

12. Section III.1.2 (Postulated Accidents) of the

April 14, 1978, guidance invokes the double contingency principle
of ANSI N16.1-1975 for fuel pool analyses:

The double contingency principle of ANSI .N16.1-1975
shall be applied. It shall require two unlikely,
independent, concurrent events to produce a criticality
accident. Realistic initial conditions (e.cC,, the
presence of soluble boron) may be assumed for the fuel
pool and fuel assemblies.



~ 4
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Turner Affidavit, 1I 22.

13. The industry standards and NRC guidance on

criticality, limiting the maximum k-eff to 0.95, including all
uncertainties, provide a substantial subcriticality margin as a

factor of safety to ensure conformance with General Design

Criterion 62 and to preclude the possibility of a criticality
incident in the storage facilities. Turner Affidavit, ll 23.

14. The design and criticality safety analysis of the

expanded fuel storage facilities for St. Lucie 1 were performed

in accordance with and conform to the standards and guidance.

Further, prior to issuance of the St. Lucie 1 spent fuel pool

storage expansion amendment, the design basis k-eff limit was

~ ~

~ ~

~

~

~ ~

~

~ ~

~0.95. The spent fuel pool expansion amendment did not modify

this design basis limit. The amendment has not decreased the

margin of safety preventing a criticality accident at St.'ucie
1. Turner Affidavit, (I 23.

15. Codes utilized to calculate the reference k-eff
for St. Lucie 1 were benchmarked against critical experimental

data for configurations as nearly representative as possible of

the actual fuel storage geometry, as required by NRC Regulatory

Guide 3.41 and the April 14, 1978, NRC guidance letter. The

benchmark calculations established a bias and uncertainty that
were incorporated in the analysis of maximum k-eff of the racks.

Turner Affidavit, ',( 25.
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16. For calculations performed for St. Lucie 1> the

nominal k-eff calculated for an infinite array of Region 1

assemblies was 0.9313, without credit for the (redundant)

reactivity control provided by the soluble boron in the pool

water. Turner affidavit, 1I 28.
1

17. Calculations for an infinite array of Region 2

storage cells resulted in a nominal k-eff of 0.9114. Turner

Affidavit, 0 29.

18. The criticality analyses for the St. Lucie 1 spent

fuel pool considered all known uncertainties. These included

uncertainties in the calculational methods, as well as

uncertainties due to mechanical tolerances in the storage rack

manufacture, and fuel assembly fabrication. For conservatism,

the total uncertainty was added to the nominal k-eff to calculate

the maximum k-eff value, thereby ensuring that the highest

possible k-eff value was used. The Region 2 analysis also

included an allowance for uncertainty in burnup calculations.

Turner Affidavit, 1i 30.

19. With all uncertainties included, the maximum

possible k-eff values were calculated to be 0.9409 for Region 1

and 0.9435 for Region 2. .Turner Affidavit, )I 30.

20. Since all uncertainties are included in the

maximum calculated k-eff values, the safety margins specified in

the NRC acceptance criteria are conservative. Turner Affidavit,
'll 30 .
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NI 21. Potential accident conditions were also evaluated:

in the criticality safety analysis of the St. Lucie 1 storage

racks. The accidents considered included the following:
increased temperature, boiling, dropped assembly, and abnormal

fuel location. Turner Affidavit, 1l 32.

22. The largest positive reactivity effect would occur

if a fresh fuel assembly of 4.5% enrichment were to be

accidentally installed in a Region 2 storage cell. With the

surrounding cells assumed to be fully loaded with the fuel of the

highest permissible reactivity, the soluble poison normally

present in the pool water would maintain the k-eff substantially
below the limiting value of 0.95 and would ensure that

criticality cannot be attained even if Region 2 were to be fully~ ~

loaded with fresh fuel. Turner Affidavit, ll 33.

23. Zn addition to the accident conditions discussed

above, the criticality consequences of a cask drop accident were

also considered. Fuel failures (ruptures) do not directly affect
criticality. Zn general, reduced fuel spacing (such as might be

the consequence of a cask accident) results in lower k-eff value

because of the reduced moderation and the higher concentration of

non-productive neutron absorption. Furthermore, the presence of

the soluble poison provides assurance that a cask drop accident

cannot cause a criticality accident. Turner Affidavit, ll 34.
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24. In addition, assuming that somehow, the pool was

allowed to drain, criticality would not occur. This is the case

since, without water, there would be no neutron moderator in the

pool -- a necessary condition for criticality. Weber Affidavit
1, fl 6 ~

25, The racks in the St. Lucie 1 spent fuel storage

pool are designed to assure a k-eff less than 0.95 in the absence

of soluble boron in the pool water. (Once the racks are manu-

factured and installed in the storage pool, maintaining a k-eff
less than 0.95 is accomplished by restricting the fuel enrich-
ments stored in Region 1 to 4.5% uranium-235, and by restricting
the fuel stored in Region 2 to those assemblies which have

accumulated the required minimum burnup as given in the plant
~

~

~ ~

~

technical specifications.) Nevertheless, the St. Lucie 1

Technical Specifications require a concentration of 1<720 ppm of
soluble boron in the pool water which would preclude a

criticality accident even if the Boraflex absorber sheets were to
be completely lost. Thus, the soluble boron in the pool water

and the Boraflex sheets in the rack halls constitute independent

and redundant means of preventing a criticality accident under

normal storage conditions. For normal stoppage conditions, the

presence of both soluble boron and Boraflex absorber sheets

provides a very large criticality margin. Turner Affidavit,
1i 31.
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26. The criticality safety analyses for the St. Lucie

1 storage racks were performed in accordance with accepted

industry practice and in conformance with all applicable regula-

tions and guidance. These analyses demonstrate that fuel

assemblies having authorized initial enrichments and burnup, once

stored in Region 1 and Region 2 racks, have a k-eff of less than

0.95, including all uncertainties under both normal and accident

conditions. Turner Affidavit, 1f 42.

27. The increased capacity for fuel storage and the

higher enrichments do not modify the pre-existing k-eff limit of—

0.95 for the fuel storage of St. Lucie 1. Therefore, the minimum

criticality safety margin associated with the k-eff limit of 0.95

is not changed and there is no increase in the probability of a~

~ ~

~

~

~ ~

~

~

~ ~

criticality accident. Turner Affidavit, )t 42.

28. Furthermore, the presence of soluble boron assures

a very large subcriticality margin under normal operating

conditions and further assures that the k-eff will be maintained

less than 0.95 under all credible accident conditions. Turner

Affidavit, ~l 42.

29. It can be concluded that the design of the St.

Lucie 1 storage racks conforms to safe and conventional practice

in the industry, conforms to all applicable regulations and

guidance, and provides assurance that a criticality accident
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cannot occur under any credible postulated accident condition.

Turner Affidavit, 1t 42.
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