UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

Docket Nos. L0-250-OLA-2
50-251-0OLA-2

In the Matter of
FLORIDA POWER AND LIGHT COMPANY

(Turkey Point Nuclear Generating

Units 3 & 4) (Spent Fuel Pool Expansion)

AFFIDAVIT OF DANIEL C. PATTON

1. My name is Daniel C. Patton. I am employed by
Bechtel Power Corporation, Eastern Power Division, as a Senior
Engineer in the Thermal-Hydraulics Group of the Nuclear
Engineering Staff. 1In this position, I was involved in the
thermodynamic and heat transfer calculations performed in support
of the expansion of spent fuel storage capacity at Turkey Point
Units 3 and 4. A summary of my professional qualifications and
experience is attached as Exhibit A and is incorporated herein by
reference.

2. The purpose of my affidavit is to address
Contentions 6 and 8. Contentions 6 and 8 #nd the bases for the

Contentions are as follows:
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Contention 6
The Licensee and Staff have not adequately
considered or analyzed materials deterioration or
failure in materials integrity resulting from the
increased generation and heat and radiocactivity, as a

result of increased capacity and long term storage, in
the spent fuel pool. )

Bases for Contention 6
The spent fuel facility at Turkey Point was
originally designed to store a lesser amount of fuel

for a short period of time. Some of the problems that
have not been analyzed properly are:

(a) deterioration of fuel cladding as a result of
increased exposure and decay heat and radiation
levels during extended periods of pool storage.

(b) loss of materials integrity of storage rack and
pool liner as a result of exposure to higher
levels of radiation over longer periods.

deterioration of concrete pool structure as a
result of exposure to increased heat over extended
periods of time.

Contention 8
That the high density design of the fuel racks will
cause higher heat loads and increase in water
temperature which could cause a loss-of-cooling
accident in the spent fuel pool, which could in turn
cause a major release of radioactivity to the
environment. And, that the decrease in the time that
it takes the spent fuel to reach its boiling point in
such an accident, both increases the probability of
accidents previously evaluated and increase [sic)] the
chances accidents not previously evaluated.

Bases for Contention 8

The NRC has stated in numerous documents thai the
water in spent fuel pools should normally be kept
below 122 degrees F. The present temperature of
the water at Turkey Point is estimated to be 127
degrees F. ~fter the reracking, the temperature
of the wate. could rise to 141 degrees on a normal




basis, and could reach 180 degrees F. with a full
core load added. 1In addition, the time for the
spent fuel boil‘ng point to be reached in a loss
of cooling accident will go from 15 hours to 4
hours. Four hours is clearly not enough time to
take action to prevent a major accident in the
spent fuel pool from occurring. Thus, the
increase in heat and radiocactivity resulting from
increases [sic] density will result in an increase
in the probability of a major spent fuel pool
meltdown occurring.

b) There is also the possibility that a delay in the
make up emergency water, could cause the zirconium
cladding on the fuel rods to heat up to such
higher temperatures that any attempt at later
cooling by injecting water back into the pool
could has’en the heat up, because water reacts
chemically with heated zirconium to produce heat
and possible explosions. Thus, the zirconium
cladding could catch on fire, especially in a high
density design,and create an accident not
previously evaluated.

Specifically, the purpose of my affidavit is to address the
generation of heat and the cooling of the spent fuel as 1 result
of the increase in storage capacity of the Turkey Point spent
fuel pools. With respect to Contention 6, the Affidavit of
Rebecca K. Carr on Contention No. 6, the Afridavit of Eugene W.
Thomas on Contention No. 6, and the Affidavit of Dr. Gerald R.

Kilp on Contention No. 6 discuss the matcers related to materials
degradation,
Decay Heat Generation
3. As a result of the fission process in the reactor,
radioactive fission products exist in the fuel assemblies during

and afier reactor operation. It is the decay of these fission

products which produces heat in the spent fuel. The amount of



the heat given off by the spent fuel is a function of the time
the fuel was in the operating reactor (burnup) and the time after
the cessation of operation or shutdown (decay time). As shown in
Figure 1, the amount of decay heat generated by spent fuel
decreases with time following shutdown (the decrease is
exponential in nature).

4. During a refueling, a portion of the reactor core
is transferred from the reactor vessel t° the spent fuel pool and
is replaced by new fuel in the reactor. The spent fuel pool
serves as a storage facility for the spent fuel, providing
radiation shielding and decay heat removal. The shielding and
heat removal functions of the spent fuel pool are assured by
maintaining an adequate water level in the pool and through the

operation of the spent fuel pool cooling system.

Spent Fuel Pool Cooling System

S, The spent fuel pool cooling system for each unit
consists of a pump, heat exchanger, filter, demineralizer, piping
and asscciated valves and instrumentation. Redundancy of this
equipment is not required because of the large heat capacity of
the pocl and its corresponding slow heat-up rate. Nonetheless, a
100-percent-capacity spare pump which is permanently piped into
the spent fuel pool cooling system has been installed. This pump

is capable of operating in place of the originally installed
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r mp, but not in parallel with the original pump. Also,
alternate connections are provided for connecting a temporary
pump to the spent fuel pocl loop.

6. The removal of heat from the spent fuel pool is
accomplished primarily through the spent fuel pool heat exchanger
(a shell and U-tube type heat exchanger with the spent fuel puol
water flowing through the tube side and the plant component
cooling water flowing through the shell side). The heat removal
rate through the heat exchanger is a function of the temperatures
of the component cooling water and the spent fuel pool water.

For example, for a component cooling water temperature of 100°F

6

and the design flow rates of 1.4 x 10° lbm/hr for the component

¢ lbm/hr for the spent fuel pool water,

cooling water and 1.1 x 10
the heat exchanger would remove approximately 8.0 x 106 Btu/hr
when the spent fuel pool temperature is 120°F and approximately
16.0 x 106 Btu/hr when the spent fuel pool temperature is 140°F.
7. It is expected that some water will be lost from
the spent fuel pool by evaporation from the pool surface. The
amount of this evaporation also depends on the pool temperature
as discussed in paragraphs below. The normal makeup to the pool
is supplied from the demineralized water system or from the
refueling water storage tank through the refueling water
purification pump at a flow rate of up to 100 gpi. Alternate

means of makeup also inciude temporary connections from the fire

water s, stem or the primary water storage tank.



8. The existing cooling system piping and make-up
supply lines for the spent fuel pools are not Seismic Category I
and have not been designed to remain functional after a safe
shutdown earthquake. In response to guestions from the NRC
staff, FPL committed to upgrade the spent fuel pool cooling loop
such that it will remain functional after a safe shutdown
earthquake. 1/ This upgrade wil. be completed by the end of the
second refueling outage after issuance of the amendments for the
spent fuel pool expansion. 2/ Until the upgrade is completed,
the amount of fuel assemblies that will be store? will be less
than the capacity of the ~re-existing storage racks as

demonstrated in Table 1.

1/ Letter dated October 29, 1984, from J.W. Williams, Jr. (FPL)
to Steven A. Varga (NRC).
2/ Safety Evaluation related to Amendment No. 111 to facility

operating license No. DPR-31 and Amendment No. 105 to
facility operating license No. DPR-41 for Turkey Point Uni«s
3 and 4 (November 21, 1984), p. 15.
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l/ The pre-existing storage racks for Unit

TABLE 1

Number of Asseqblies To Be Stored

in the Turkey Point Spent Fuel Pools
| Poi Unit 3
Approx.
Total No.
Assemblies
Approx. in Pool
Cycle from all
Startup Previous

Date Cycles comments

1/7/84

7/17/85
3/7/87

621 assemblies.

10

11
12

Turkey Point Unit 4
i 287
05/16/83 323
€/1/84 187
1/30/86 455
12/15/87 503 1/

311
369

425
481 1/

Amendment issued
11/21/84

Seismic Upgrade
complete by end
of Cycle 11

refueling outage

3 had a capacity of

Amendment issued
11/21/84

Seismic Upgrade
complete by end
of Cycle 12

refueling outage

1/ The pre-existing storage racks for Unit 4 had a capacity of
614 assemblies.



Normal Refueling Offload

9. For normal operations, the amount of fuel that is
removed from the reactor vessel and placed in the spent fuel pool
during refueling is between 1/3 and 1/2 of the reactor core. The
analysis performed in support of the spent fuel storage facility
expansion assumed that 1/3-core would be loaded into the spent
fuel pool for the first six refuelings, and, for the next 14
refuelings, 1/2-core would be loaded into the pool for a total of
nine cores (6 x 1/3 + 14 x 1/2). The nine cores are nine
assemblies more than the maximum capacity which the new high-
density storage racks can accommodate.

10. As discussed above, the amount of decay heat given
off by each spent fuel assembly is a function of the burnup and
the decay time. The decay heat was calculated in accordance with
the Nuclear Regulatory Commission's (NRC's) Branch Technical
Position ASB 9-2, "Residual Decay Energy for Light Water Reactors
for Long Term Cooling." The total heat load to the pool
following refueling is also a function of the amount of fuel
placed in the pool (offloaded). The maximum heat load for a
normal refueling offload is calculated to occur with 8-1/2 cores
stored in the pool and 1/2-core offloaded at refueling. This
results in a peak total heat generation rate of 17.9 x 106
Btu/hr, which is calculated to raise the pool water tempe:ature
to 143° F. Then, due to a decreasing heat gereration rate and

due to the continued operation of the spent fuel pool cooling



system, the pool water temperature is calculated to decrease to
140° F in 72 hours after reaching the peak and to 130° F in 720
hours after reaching the peak. This is depicted graphically in
Figure 2. At the peak temperature, the water loss from the pool
through evaporation is calculated to be approximately 1.5 gallons
pe: minute, which is well within the capacity of the makeup
system. 3/

11. The calculation of the heat load to the pool is
conservatively maximized by assuming that the entire 1/2-core
offload is added to the pool exactly 150 hours after reactor
shutdown. Thus, credit is taken for only 150 hours decay. In
reality, fuel offload at Turkey Point typically does not begin
until well after 150 hours after shutdown and extends over a
period of time such that much of the decay heat is given off
before the fuel is placed in the spent fuel pool. 1In addition,
the heat removal from the pool is conservatively minimized by
neglecting heat loss through convection and evaporation from the
surface of the pool to the fuel building atmosphere and by
neglecting heat conduction from the water through the walls of
the pool. By maximizing the heat addition and minimizing the
heat removal, the spent fuel pool water temperature is
conservatively maximized. 1In spite of this conservatism, it may

be seen that the temperature of the pool is below boiling and the

3/ In the attachment to a letter dated October 5, 1984, from
J.W. Williams, Jr. (FPL) to Steven A. Varga (NRC), p. 4, it
was stated that the evaporation rate/required makeup was 37
gpm. The 37 gpm refers to the boiloff rate in the event of
boiling, which is discussed later in the affidavit.
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mass loss through evaporation is well within the makeup capacity
of the system. NRC Standard Review Plan Section 9.1.3, "Spent
Fuel Pool Cooling and Cleanup System", paragraph III.l.d, states
that the temperature of the pool should not exceed 140°F and the
liquid level in the pool should be maintained for the maximum
normal heat load with normai cooling systems in operation.
Although the peak calculated pool water temperature slightly
exceeds 140°F (by 3°F), the calculation is conservative, as
stated above, and the analysis shows the temperature decreases to
below 140°F within a relatively short time (72 hours).
Consequently, the spent fuel will remain adequately cooled and

covered with water at all times.

Eull Core Offload

12. An analysis of a full core offload was also
performed using assumptions similar to those in the analysis of
the normal core offload. However, for the abnormal case of a
full core offload, the analysis performed for the increase in
spent fuel storage capacity assumed eight cores stored in the
pool and one core offloaded. This results in a maximum heat load
to the pool of 35.0 x 106 Btu/hr which causes the temperature of
the pool water to increase to a peak value of 183°F. At this
temperature, the heat removal rate of the spent fuel pool cooling
system has increased to the point where it approximately equals
the heat generation rate from the stored spent fuel. Thereafter,

the decay of the relatively short-lived fission products in the
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spent fuel causes the heat generation rate to decrease. At the
peak temperature of 183°F, the rate of mass loss through
evaporation from the surface of the pool is conservatively
calculated to be 5.5 gallons per minute. 4/ Thus, it may be seen
that the pool temperature is below the point of boiling, that the
evaporation rate is well within the makeup capabilities of the
system, and that the spent fuel pool cooling system is adequate
to remove the heat generated from the stored spent fuel. Thus,
there is assurance that the spent fuel will be cooled and covered
with water at all times. SRP Section 9.1.3, paragraph III.l1.d
states that the temperature of the pool water should be kept
below boiling and the liquid level in the pool should be
maintained for the abnormal maximum heat load from a full core
offload with normal systems in operation. The analysis performed
shows the cooling system to be in compliance with the SRP

guidelines.

Loss of Spent Fuel Pool Cooling
13. General Design Criterion 61 of Appendix A to 10
CFR Part 50 states that fuel storage and other systems which
contain radioactivity shall be designed "with a residual heat
removal capability having reliability and testability that

reflects the importance to safety of decay heat and other

4/ In the attachment to a letter dated Octcber 5, 1984, from
J.W. Williams, Jr. (FPL) to Steven A. Varga (NRC), p. 5, it
was stated that the evaporation rate/required makeup was 72
gpm. The 72 gpm refers to the boiloff rate in the event of
boiling, which is discussed later in this affidavit.
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residual heat removal." The NRC Staff has provided guidance for
satisfying this requirement in Standard Review Plan Section
9.1.3. Paragraphs I.l and III.l.b of Standard Review Plan
Section $.1.3 state that the spent fuel pool cooling system
should be Seismic Category I or, in the alternative, the make-up
system, the fuel pool building, and the ventilation and
filtration system should be Seismic Category I and be able to
withstand a single active failure.

14. As discussed above, the cooling system piping and
make-up supply lines are not Seismic Category I. Accordingly,
the NRC Staff requested FPL to perform an analysis of loss of
cooling to the spent fuel pool, and the safety analysis report
for the spent fuel pool expansions 5/ and FPL's responses to NRC
questions 6/ provided the results of analyses of loss of cooling
to the spent fuel pool. The analyses showed that, with all
positions in the new storage racks full with assemblies, the pool
would not begin to boil for a normal offload until a minimum of
7.6 hours after loss of cooling and 1.6 hours after loss of

cooling for a full core offload, which, as stated above, is an

abnormal case.

5/ "Spent Fuel Storage Facility Modification Safety Analysis
Report", Florida Power & Light Company, Turkey Point Units 3
and 4 (March 14, 1984) pp. 3-12 to 3-13.

6/ Letter dated July 2, 1984, from J.W. Williams (FPL) to

- Steven A. Varga (NRC), Attachment, p.l., letter dated
October 5, 1984, from J.W. Williams, Jr. (FPL) to Steven A.
Varga (NRC), Attachment, pp. 4-5.
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15. In response to the NRC review of FPL's application
for the spent fuel pool expansion, FPL has committed to upgrade
its spent fuel pool cooling loops to ensure that they will remain
furctional after a safe shutdown earthquake. Therefore, after
the seismic upgrade, the Turkey Point spent fuel pool cooling
system will comply with paragraphs I.l1 and III.l.b of SRP Section
9.1.3 and will provide adequate cooling in the event of an
earthquake. As discussed in paragraph 8 above, this upgrade will
be completed by the end of the second refueling outage after
issuance of the spent fuel pool expansion amendments, and prior
to the time the cooling system is upgraded, the spent fuel pool
will only contain the number of fuel assemblies authorized prior
to the issrance of the Turkey Point spent fuel expansion
amendments. The spent fuel pool expansion amendments will not
result in an increase in the amount of cooling and makeup
necessary for these assemblies.

16. Finally, it should be noted that zirconium-water
interaction is not a concern with respect to storage of spent
fuel assemblies at Turkey Point. Zirconium and water or steam
can interact to produce heat; however, this reaction does not
occur at temperatures below 1000°F. As demonstrated above,
adequate cooling and make-up will be provided for the stored
spent fuel assemblies at Turkey Point, resulting in temperatures

far below those necessary for a zirconium-water reaction.
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CONCLUSION

17. For both a normal and full-core offload, the
Turkey Point spent fuel pool cooling system and make-up system
have adequate capacity to maintain the temperature of the spent
fuel pool water below boiling and to keep the spent fuel_covered
with water, thereby ensuring adequate cooling for the spent fuel.
Additionally, FPL has committed to upgrade its spent fuel pool
cooling loop to ensure adequate cooling of the spent fuel pool in

the event of a safe shutdown earthquake.
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FURTHER AFFIANT SAYETH NOT

The foregoing is true and correct to the best of my

sl
L JC A

Daniel C. Patton

knowledge, information and belief.

STATE OF MARYLAND )

COUNTY OF MONTGOMERY)

Subscribed and sworn to before me this Xﬂ/\’ day

W » 1986. My commission expires:
My Commission Exprres July 1, 1984

NOTARY PUBLIC
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EXHIBIT A

STATEMENT OF PROFESSIONAL QUALIFICATIONS OF
DANIEL C. PATTON

CURRENT POSITION Senior Engineer, Bechtel Power Corporation

EDUCATION BSc, Nuclear Engineering, North Carolina
State University, May 1977
MS, Mechanical Engineering, University of
Maryland, May 1983

SUMMARY OF EXPERIENCE WITH BECHTEL

4-1/4 Years Group leader and senior engineer, Nuclear
Staff, July 1980 - Present
3 Years Engineer, Nuclear Staff and nuclear power
plants, June 1977 - 1980
1-1/2 Years Engineering assistant, Nuclear Staff,
(cumulative) alternating semesters betweer August 1973 -

August 1976.

EXPERIENCE WITH BECHTEL

Mr. Patton is currently serving as group leader for the
Nuclear Staff thermal hydraulics group. He is responsible
for supervision of thermal hydraulic containment and
subcompartment analyses, heat transfer an2lyses, combustible
gas analyses, and approval of thermal hydraulics
calculations.

Prior to the above, as a senior engineer with the thermal
hydraulics groups, Mr. Patton performed thermal hydraulic
containment and subcompartment analyses for high energy line
breaks, combustible gas analyses, heat transfer and
equipment qualification analyses, and coordinated the
turnover and evaluation of thermal hydraulic calculations
for the Houston Lighting & Power Company's two 1250 MW PWR
unit South Texas Power Plant.

Previously, Mr. Patton was engaged in examination and
evaluation of decontamination equipment and techniques for
the Metropolitan Edison Company's Three Mile Island Unit 2
recovery project, as well as preparation of procedures for
decontamination of the containment. He also participated in
I.E. Bulletin 79-14 walkdown inspection of safety-related
and seismic Category I piping and verification of as-built
drawings at Northeast Nuclear Energy Company's Millstone
Nuclear Power Station 870 MW PWR Unit 2.
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In addition, Mr. Patton was involved in review of drawing
revisions and design modifications for the reactor coolant
system, residual heat removal system, accumulator safety
injection system and borated water storage tank for the
multi-unit SNUPPS Project 1150 MW PWR units. As the
responsible engineer for certain mechanical components, his
work included coordination with equipment vendors, site
engineers, and other disciplines.

Former staff assijnments included special studies for the
Three Mile Island containment decontamination and recovery
project, as well as secondary system modifications for
Florida Power & Light Company's Turkey Point Power Plant 760
MW PWR Units 3 and 4. Mr. Patton was also engaged in
computer code maintenance which involved implementation of
modifications, documentation and verification of computer
codes used in containment and subcompartment thermal
hydraulic analyses.

Earlier, as a no-op student on the Nuclear Staff, Mr. Patton
gained experience in radwaste, shielding and thermal
hydraulics.

PROFESSIONAL AFFILIATIONS

American Nuclear Society



