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ABSTRACT

A 7,429-node, three-dimensional computer model of the Vermont Yankee
spent-fuel pool was set up and run usin? the porous media model of the TEMPEST
computer code. The results of this analysis show that natural circulation is
sufficient to ensure adequate cooling, regardless of the loading pattern used
or the orientation of the cooling system discharge nozzle.



EXECUTIVE SUMMARY

To ensure adequate cooling of the spent fuel in the Vermont Yankee fuel
pool with the proposed modification to the spent-fuel pool cooling system,
the U.S. Nuclear Regulatory Commission (NRC) requested the Pacific Northwest
Laboratory to independently verify that the removal of the dispersion header
and the dumping of water above the fuel will have no adverse affect on ability
to provide adequate spent-fuel cooling.

To accomplish this, a 7,429-node, three-dimensional computer model of the
pool was set up and run using the porous media model of the TEMPEST computer
code. This model is shown in Figure S.1. The results of 10 separate simula-
tions are given in this report. The simulations used inlet temperatures of
100°, 130°, and 150°F; poo! heat generation rates of 17 MBtu/h and 10.11 MBtu/h:
and recirculation flow rates of 450, 1048, and 4187 gpm. The parameter
configuration for each of the 10 runs is summarized in Table S.1.

Typical temperature and velocity distributions are given in Figure §.2.
Figure §.2a is a view of the heat generating region, and Figure $S.2b is an
elevation view for one of the planes that passes through the rack leveling
pads (as identified in Figure S.2a).

The results presented in this report show that approximately 50 to 80%
of the peak fluid temperature rise results from bulk pool heatup, which can be
estimated from a simple pool energy balance. The remaining 20 to 50% results
from three interdependent factors: 1) the local heat generation rate, 2) the
proximity of the heat bundle to the inlet nozzle, and g) the proximity of the
peak powered bundles to the rack leveling pads.

Extrapolation of the results shows that, for the worst case of pool inlet
temperature of 150°F, pool heating rate of 10.11 MBtu/h, and peak local bundle
heating rate of 49,000 Btu/h, natural circulation provides adequate cooling
to prevent local boiling, independent of the loading pattern or the orientation
of the spent-fuel pool cooling system discharge nozzle.

The results also show that the pool above the fuel is well mixed, except
for the region of the discharge nozzle where large temperature gradients exist.
A h{pothetica1 calculation demonstrates that the 2-in. gaps between the spent-
fuel racks and the pool wall are sufficient by themselves to supply adequate
cooling to the open flow area below the fuel so that natural circulation will
maintain an acceptable coolant temperature.

Locating the pool inlet in the region above the fuel rather than using a
sparger below the fuel storage racks does not significantly degrade the pool
cooling performance, However, locating the cooling system return line above
the fuel bundles does change the location of the maximum temperature rise
because it does not necessarily occur in the bundle with the highest heat
generation rate. In addition, the incomin$ cold fluid tends to place a flow
resistance cap over the bundles in the vicinity of the inlet, which competes
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SUTLEY SOL OF POOL - Mast ¢

a. XY Plane--Top of Fuel

b. YZ Plane Through Leveling Pads

FIGURE S.2. Typical Velocity and Temperature Distributions in the Pool for
Case Number 17 (Q = 450 gpm, TINLET = 130°F, P, /P = 13.9,
inlet flow down, peak heat generation near cen&er of pool)
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TABLE S.1.

parameter Configuration for the Ten Reported Runs

Tota! Heat Pool Inlet Nusber of Peak-Average Nuaber and virection  Poo! Outlet
Run Rate, Tupo;uuro, Bundles Bundle Location of of Inlet Teaperature,
Nusber Q, gpa  WBtu/h F In Pos! Heat Ratio Peak Bundles  Flow Rate o
5 4187 7.0 150 2870 14 388 Near Center Down 169
9 1848 16.11 150 2878 14 388 Near Center Down 169
19 1048 10.11 138 2870 14 388 Near Center Down e
11 1848 10.11 158 2870 1.4 388 Under Inlet Down 189
12 1848 10.11 150 2878 139 132 Near Center Down 189
i) 1848 .11 150 2870 159 132 Near Centar Horizontal 189
18 1848 10.11 150 2608 13 9 132 Near Edge Down 189
17 4se 16.11 130 2870 139 132 Near Center Down 176
18 45e 10.11 100 87¢ 13 9 132 Near Center  Down 146
iy A58 14 11 13¢ 2870 189 Near Center Down 176
(cask ares
rescved from

viii
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with the buoyancy effects of the heated bundles below. This results in stable
temperature oscillations of 8°F in some of the bundles near the return line
discharge.
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REVIEW OF THE NATURAL CIRCULATION EFFECT IN THE
VERMONT YANKEE SPENT-FUEL POOL

INTRODUCTION

Spent-fuel storage is becoming a major concern for many U.S. utilities,
The onsite storage facilities were designed to store spent fuel from only two
to four refueling operations because it was assumed that fuel would be stored
for a short time before being shipped to a reprocessing facility. After the
federal government removed the reprocessing option, the utilities were obliged
to find or develop alternative methods of onsite storage of spent fuel. One
method being considered is that of storing more fuel bundles in the spent-
fuel pool by replacing existing low-density spent-fuel storage racks with new
high-density storage racks.

Genera11{, the fuel within the spent-fuel pool is cooled by one or more
fuel-pool cooling systems. The system removes the heated water from the top

of the pool via scupper tanks, cools the water via heat exchangers, and returns
the cooled water to the pool through dispersion headers on the pool floor.
Because the cooled water is supplied at the bottom of the pool, adequate cooling
is ensured. The integrity of the system has been demonstrated to be independent
of the relative placement of hot or cool fuel bundles.

In 1977, the Vermont Yankee operating license was modified to allow instal-
lation of new racks that could accommodate 1,680 fuel bundles within the spent-
fuel pool. However, it has become apparent that as delays mount and the
proposed date for a federal waste repository slips further into the future, it
is necessary to further increase onsite storage capacity. Unless the onsite
capacity is increased, the Vermont Yankee reactor will {ose its full core
offload capability in 1990. Une proposal for increasing the storage capacity
is to further modify the fuel pool design to include 2870 storage spaces. To
achieve this storage capability, it is necessary to modify the pool-cooling
flow distribution system by removin? the dispersion header from the bottom of
the pool so that the cooling water is discharged directly into the pool above
the stored fue’.

To ensure adequate cooling for the spent fuel with the proposed modifica-
tion to the spent-fuel pool cooling system, the U, S. Nuclear Re ?1 tory
Commission (NRC) requested the Pacific Northwest Laboratory (PNL? a) to
independently verify that the removal of the dispersion header and the dumping
of water above the fuel will have no adverse effect on ability to provide

(a) Operated for the U.S. Department of Energy by Battelle Memorial Institute
under Contract DE-ACO6-76RLO 1830.



adequate spent-fue! cooling by demonstratin? that natural circulation is suffi-
cient to remove the decay heat and prevent local boilin? in the high density
racks. A secondar{ objective is to verify that the fuel loading pattern in

the spent-fuel pool and the orientation of the spent-fuel pool cooling-system
discharge nozzle will not adversely affect the ability to provide adequate

pool cooling., This report documents this independent analysis.
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thernd) conductivity

turbulent (eddy) thermal conductivity
specific heat

= volumetric heat generation rate.
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Solution Procedure

The TEMPEST solution procedure is a semi-implicit, time-marching, finite-
difference procedure that sequentially solves al) governin? equations, At
each time step, the momentum equations are solved explicit y and the pressure
equations implicitly, Temperature, turbulent kinetic energy dissipation, and
other scalar transport equations are solved using an implicit continuation
procedure. Thus, the solution proceeds in three phases:

* Phase I, tilde phase - The three momentum equations are advanced in time
(t + At) to obtain approximate (tilde) velocities, U, V, and W, based on
the previous time values of pressure and density, P and p. A1thou$h
these values of the velocity components satisfy the momentum equations
bas:df?n current values of P and p, continuity will usually not be
satisfied.

* Phase I1, implicit ghase - The velocity component and pressure corrections
(U', V', W', and P') are obtained such that the equations UN*l = U + u',
vnel = ¢ 4 Vi, Wn*l = § 4+ W', and PN+l = P 4 p! satisfy continuity,

* Phase 111, scalar phase - Usin? the previousl{ computed values of Un+l,
v+l and Wntl, the advanced time (t + At) values of temperature TN+l
and other scalar quantities are computed as required.

The solution is advanced step by step in time by continued application
of the above three solution phases. New time-mixture properties are computed
at the end of Phase I1l. The solution procedure is explained in more detail
in the TEMPEST Users' Manual (Trent, Eyler, and Budden 1983).







One row of boundary nodes surrounds the pool on all six sides. In this
study, the boundary nodes are considered to be adiabetic. This assumption is
conservative, as convection and evaporation from the pool surface will remove
a si?nificant amount of energy from the pool. An additional but substantially
smaller amount will be removed by conduction throu?h the pool floor and walls,
To enable plotting these outflow vectors, an additional nonparticipating
boundary node was added to the front side of the pool.

The pool inlet and outlet are designated by I and 0, respectively, in
Figures 3 and 4. [Note that the inlet to the pool (I) is the discharge from
the spent-fuel cooling system (i.e., the discharge nozzle), and that the outlet
from the pool (0) is the inlet to the spent-fuel pool cooling system.] The
inlet flow rate is modeled by mass (divergence), momentum, and energy source
terms. However, because of node size restrictions the model momentum is
diffused. The relatively large TEMPEST node size necessitates specifying a
s?aller velocity in the simulation than would be exiting from the 8-in inlet
pipe.

The fuel bundles are modeled using volume and surface porosities. The
volume and surface porosit{ in the axial directions are set to 0.695. Flow
is constrained in the axial direction only, by settiny the porosity in the
transverse direction (X and Y faces) to zero. The fuel bundles are represented
by axial nodes 3 through 9. The structure in the region below the racks (axial
node 2) is modeled using a volume porosity of 0.54, X and Y surface porosities
of 0.54, and Z direction surface porosities of 0.695. These are applied uni-
formly to all nodes below the fuel racks, The 13.5-in. region containing no
fuel at the back of the fuel pool is modeled by assigning a volume poros?ty
of 0.602 to the nodes adjacent to the 13.5-in. region.

Friction pressure losses (within the fuel bundles and in the 2-in. gap
region between the racks) are modeled using local loss coefficients defined
by the pressure equation

Ap-x(g-g-)vc

where AP = pressure 10ss

local velocity in fuel bundle region
coolant density

?ravitational constant

ocal pressure loss coefficient (input)

exnonent on velccity (input).

0O MO <
U T I

The input values for K and ¢ are given in Table 2. Local expansion and con-
tractions losses where the coolant enters and leaves the fuel bundles are

also modeled using the local loss coefficients given in Table 2. These coeffi-
cients, supplied by the utility, appeared to be very conservative. Special
loss coefficients representing the effect of the rack-leveling pads are also

10



TABLE 2.
Location K

Fuel bundle 0.13
Peripheral gaps 0.003
Peripheral gaps 0.003
Center gaps 0.002
Center gaps 0.002
Region below pool 1.04
Region below pool 0.78
Fuel bundie inlet 23.77
A1l 2-in. gaps 1.6
between racks

Below € specific 283.0

fuel nodes in
center rack

e}

Local Pressure Loss Coefficient

Direction where Applied
4 Nodes 3 through 8 in fuel
bundle nodes
4 A1l 2-in. gaps around edge
Y or X All 2-in. gaps around edge
b4 All interior gaps between
racks
Yor X A1l interior gaps between
racks
Y A1l nodes below fuel
racks
X A1l nodes below fuel
racks
i A1l fuel bundles at axial
node 3
z At level 2, simulates
expansion and contraction
losses between the bundles
and the upper and lower
plenums
4 Axial node 2, simulates

11
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defined; however, they are not appl ed in the model at all locations where

they occurred in the actual poc! tut only to one fuel rack near the pool center,
The leveling pads are modeled in this manner so that the effect of the pad
could be evaluated without additional computer runs,

The calculations presented in this report were made using one of the four
different heat generation distributions shown in Figure 5. In the first con-
figuration (Figure 5a), 368 bundles are operating at a local to average power
ratio of 1.4, For the most part these bundles are located near the center of
the pool. A1l other bundles have a local heat generation ratio of 0.939. |In
the second configuration, most of the higher power bundles (P/P = 1.4) are in
the rack under the back left inlet as shown in Figure 5b. The third configura-
tion (Figure 5¢c) represents a pool full of newly loaded spent fuel immediately
after loading. In this case, 132 bundles have a local to average heat genera-
tion ratio of 13.9, 263 bundles have heat generation ratios of 0.52, and the
remaining bundles have a heat generation ratio of 0.49. All the fuel bundles
with the high heating rate are located near the center of the pool. The fourth
configuration represents the same case as the third; however, the freshly
discharged fuel is isolated in one corner in the front and surrounded by 84
empty bundle locations, which separate it from the older spent fuel.

A total of 19 simulations were performed. Of these 19, 10 simulations are
represented as complete evaluations in this report. The simulations used
inlet temperatures of 100°, 130°, and 150°F, pool heat generation rates of 17
MBtu/h and 10.11 MBtu/h, and recirculation flow rates of 450, 1048, and 4187
gpm. The pool geometry was changed for the final run to remove the cask area
from the calculation, This was done to determine hypothetically if the 2-in.
spacing around each rack is sufficient by itself to maintain sufficient coolirg

;127. The parameter configuration for each ot the 10 runs is summarized in
able 3.

Because the desired output was the steady-state temperature distribution
within the pool, and because the pool thermal capacitance is large, a hybrid
solution procedure was used, This procedure consisted of solving the transient
momentum and mass conservation equations to determine a time-dependent velocity
distribution, but the steady-state energy equation was iteratively solved at
each time step using a loose convergence criterion to advance the thermal
solutions at a rapid rate. Each case was started from a previous run, which
already had a developed velocity and temperature profile, and the run was
continued for approximately a 2-min simulation time. The temperature at various
locations was monitored. It was found that a true steady state could not be
achieved, but that the maximum calculated temperatures at a given location
varied by 8°F, and that the location of the pool peak temperature also changed
between adjacent rodes. The peak pool temperature, however, remained relatively
constant (« 2°F) over the final 30 s of simulation time. The inability of
the simulation to reach a true steady state is consistent with the results of
pool temperature measurement where local measured temperatures fluctuate with
time, but the average remains constant,

12



TABLE 3.

parameter Configuration for the 10 Reported Runs

Total Meat  Pool Inlet  Nusber and  Peak-Average Nusber on Direction Pool Dutlet
Run Rate, Yuu;uwn, Bund lea Bundle Location of of Inlet  Tesperature,
Nusber Q. gpe  WBLU/M 3 In Pool Heat Retio Pask Bundles  Flow Rate A
b " 17 e 160 wn 14 348 Noar Center  Down 19
Figure b
] 1048 U 150 bikd ) 14 348 Near Center  Down 169

Figure Ba

" 1848 1t B ¥ 130 27 14 348 Near Center  Down 149
Figure ba

1 1848 19.11 150 %70 14 388 Under Inlet  Down 189
Figure b

12 1048 1911 160 %7 189 182 Near Contar  Down 189
Figure B¢

1" 1048 19.11 160 %M 139 132 Near Conter  Horitental 189
Figure be

18 1848 1011 150 2698 139 132 Near Edge Down 189
Figure bd

1 s 1011 180 nn 139 132 Near Canter  Down 176
Figure be

18 5 1011 M 27 139 182 Near Conter  Down 146
Figure be

19 450 1l 1M wnn 189 Near Coamvar Down 178
Figure be
(cank area
rescved froe
calculation)
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RESULTS

The maximum calculated temperature rise (maximum calculated temperature
minus pool inlet temperature) and the location at which it occurred are
summarized in Table 4. As shown, 46 to 80% of the maximum temperature rise
results from the pool average temperature rise, which is determined by the
simple pool energy balance

AT - Qtota)
:p”total
where BT = pool average temperature rise
Quota) = total pool heat generation rate
Mtot s * total pool inlet flow rate
Cp = coolant specific heat = 1 Btu/(1bm « °F).

The remainin? 20 to 54% of the pool maximum temperature rise results
from three competing factors: the local heat generation rate, the proximity

of the hot bundle to the inlet pipin?, and the proximity of the peak powered
bundles to the rack-)evoling pads. It is difficult to generalize cni specific
rules for the location of the predicted peak temperatures, because these three
factors are interdependent as well as dependent on the pool temperature and
temperature rise. In general, however, the peak temperature rise tended to
occur either above a leveling pad for high local heat generation rates at

that location or near, but not directly under, the inlet piping if the local
power ratio above the leveling pad was low. The difference in calculated
temperature at these two locations is, however, relatively small (less than

10°F for all cases studied) when the maximum temperature rise is near the inlet.

The effect of increasing the ratio of pool heat generation rate to pool
flow rate is demonstrated by comparing Figures 6 and 7. The heat-to-flow
ratio shown in Figure 7 is 2.4 times greater than that of Figure 6. Comparison
of Figures 10 and 13 also demonstrates this effect; the heat-to-flow ratio of
Figure 10 is 2.3 times that of Figure 13. These comparisons show that
increasing the pocl "»at-to-flow ratio has little effect on the shape of the
temperature distribution within the central rack, which is the higher powered
region of the pool for this comparison. It also has little effect on the
shape of the local temperature increase caused by the rack-leveling pads.
The leveling pad effect produces the six small regions of local temperature
increase in the central rack of Figures 6 and 7, as well as the three regions
of temperature increase in the central rack in Figures 10 and 13. The effect
of the leveling pads is visible only in the central rack, primarily because
this is the only location where the{ were set up in the model. The model was
defined in this manner so that the leveling pad effect could be evaluated
with a minimum number of computer runs. The magnitude of the levo\!ng pad
effect is further demonstrated by comparing Figures 10 and 12 where the leveling
pads were under the hot zone in 10 but omitted under the high heat generation

15



TABLE 4. Summary of Maximum Temperature Rise

Location P°§l\f:::°’ Inlet Maximum Local BT
Run of Maximum Temperature Temperature, Temperature —_
Number Temperature Rise Rise, °F °F Rise, °F (AT.) AT
5 above foot 6 150 9 0.67
9 near inlet 13 150 19 0.68
10 near inlet 13 130 28 0.46
11 near inlet 19 150 24 0.79
12 above foot 19 150 R 0.60
14 above foot 19 150 32 0.60
16 near inlet 19 150 26 0.73
17 above foot 45 130 56 0.80
18 above foot 45 100 60 0.75
19 above foot 45 130 58 0.78
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zone in Figure 12. This shows that the leveling pad increased the local tem-
perature by only 8°F for the largest possible relative heatin? rate distribution
that can occur. This is a small increase in temperature; it is e.pected that
the effect in the real pool will be even smaller because the loss coefficients
used in this analysis to mode] the leveling pads are conservative. These
results also demonstrate that, if the relative power of the bundles above the
pads is small, the pad has little effect on the temperature distribution,

In Figures 6 through 15, it is apparent that the inlet flow affects the
temperature distribution to some degree in the bundles near the inlet locations
and that the effect is greater when the pool heat generation-to-flow ratio is
increased. It is also greater if the local heating rate is increased somewhere
in the pool. However, if the local heat generation rate is increased in the
region of an inlet (Figure 9), the inlet effect on the flow distribution is
somewhat negated, as demonstrated by comparin? Figure 9 to Figure 7 where the
only difference between the two cases is the location of the higher heat
generating bundles.

Several factors combine to produce the observed temperature distribution
near the inlets. The major factors are the transverse velocities above and
below the fuel bundles, the slightly higher density of the coolant in the pocl
above the bundles near the inlet, and, to a lesser degree, the axial momentum
of the fluid leaving the inlet piping. The general flow pattern is such that
the inlet coolant tends to flow downward along the back and side walls of the
pool and, the colder it is, the faster it falls. This is demonstrated in
Figure 16 through 24, where the flow and temperature distribution are given
along the back wall. The pattern of flow down the back wall is approximately
the same in each of the 10 runs except that the region of higher velocities
is slightly broadened when the inlet flow is horizontal and directed away
from the back and side walls. This is shown in Figure 20. In all 10 cases
the velocities are also down.ard through some of the bundles in the vicinity
of the inlet as shown in Figures 25 through 33,

Another effect (which is visible in Figures 25 through 33) is a cooler
fluid cap, which is carried out over the top of the spent fuel in the vicinity
of the inlet. The water falls downward in the pool apove the bundles until
it is just above the heated region. where it is turned and directed :adially
outward over the bundles. The water, which is directed over the bundles, is
colder than the water both above and below so it acts as a cap that inhibits
the rise of the hotter water below. Near the back corners, the downward flow
through the bundles is sufficiently lar?e to maintain near isothermal condi-
tions in the bundles with the downward flow. This regime is stable and has
little effect on the temperature in other regions of the pool. In some
instances, farther out from the corner, the cool cap acts in concert with the
other forces to produce a small upward or downward flow, as shown in Figures
29 and 31. The effect of a small downward flow rate is most visible in the
local inverted temperature distribution where hi?her temperatures occur at
the bottom rather than the top of the bundles. In Figure 29, the temperature
inversion is shown to correspond to a bundle grouping that has an upward

17






that buoyancy effects tc d to equalize temperatures throughout the pool. For
example, if the loca] heating rate increased by a factor of 10 (which is
approximately 13.9/1.4), then the temparature rise through a bundle governed
by forced convection would also increase by a factor of approxilatolz 10.
However, these results show that, when the local ?ower is increased by a factor
of 10, the local temperature rise increases by only 12°F (16° temperature

rise of Figures 68, 69, 71, or 72, versus 4°F temperature rise in Figures 64,
65, or 66). This is only a factor of 4. This nonlinear relationship results
because buoyancy flows are governed by the Grashoff number (the ratio of
buoyancy forces to viscous forces), which is linearly proportional to tempera-
ture difference and also approximately proportional to the third power of the
local temperature (over the range of 100°F to 200°F). Therefore, the higher
the loca)l temperature, the higher will be the buoyancy forces compared to the
viscous forces. This is demonstrated by comparing the peak inlet-to-outlet
temperature rise in Figures 71 and 72. The only difference between the two
cases is the inlet temperature, which is 130°F in Figure 71 and 100°F in Figure
72. The inlet-to-peak temperature rise is only 56°F for the 130°F inlet case,
while it is 60°F for the colder 100°F inlet.

In the pool above the fuel bundles, the coolant tends to roll with a large
scale on the order of one-fourth cf the linear dimensions of the open pool
region. This large rulling maintains the upper pool approximately isothermal
except for a slight high temperature cone or plume that forms above the heated
:e?ions. There are also small regions of high temperature gradients near the

nlets,

These results combine to demonstrate that the ?ood mixing in the upper
plenum, the relatively open flow area below the fuel, and the 2-in. gaps around
the periphery of the racks all combine to provide adequate cooling, regardless
of the inlet flow orientation or the location and magnitude or 'load‘n?
patterns’ of the hot bundles within the pool. The major factor controlling
pool performance is the total pool heating rate to total pool recirculation
flow rate. The maximum temperature rise of 56°F calculated for the 13.9 local
power ratio is 15° less than that calculated by the utility.

By assuming an axial power factor of21.2 and using a coolant to clad
heat transfer coefficients of 50 Btu/h-ft® °F, the clad temperature rise above
that of the coolant was determined to be 15°F for the assemblies with a heating
ratio of 13.9. The fuel temperature rise is hi?nly dependent on the fuel clad
heat transfer coefficient about which there is little reliable information at
these low temperatures. However, it is believed that its value lies between
200 and 1000 Btu/h-ft® °F, The maximum fuel-to-clad temperature rise was
calculated to be less than ,‘F using the conservatively low heat transfer
coefficient of 200 Btu/h-ft® °F and values of 1.2 and 13.9 for the axial and
assembly heat rate peaking factors, respectively. These temperature rises
are neq{iqible when compared to the pool coolant temperature rise.

19
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FIGURE 15. Temperature Distribution at the Top of the Fuel Bundles for Case Number 19. (Q = 450 GPM,
TINLET = 130°F, P, /P = 13.9, iniet flow down, peak heat generation near center of pool, large

open flow region bf cask area removed from model)
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FIGURE 29. Temperature and Flow Distributicn in Bundles next to the Back
Wall of the Pool for Case Number 14, (Q = 1048 GPM, TINLET =
150°F, P, /P = 13.9, inlet flow horizontal, peak heat generation
near center of pool)
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Wall of the Poo! for Case Number 17. (Q = 450 GPM, TINLET =
130°F, P /P = 13.9, inlet flow down, peak heat generation near
center o» pool)
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Temperature and Flow Distribution in Bundles next to the Back
Wall of the Pool for Case Number 19, (Q = 450 GPM, TINLET =
130°F, P /P = 13.9, inlet flow down, peak heat generation near
center of pool, large open flow region of cask area removed from

model)
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PLANE 2

Temperature . low Distribution below the Fuel Bundles for Case Number 9. ( 1048 GPM,

TINLET 150 A 1.4, inlet flow down, peak heat gcneration near center of pool)
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FIGURE 36. Temperature and Flow vistribution below the Fuel Bundles for Case Number 10.

TINLET = 130°F, PL/P = 1.4, inlet flow down, peak heat generation near center of pool)
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OUTLET SIDE OF POOL — PLANE 2

GURE 37. Temperature and Flow Distribution below the Fuel Bundles for Case Number 11. () = 1048 oPM,
TINLET = 150°F, PL!P = 1.4, inlet “low down, reak heat generation under inlet)



Flow Distribution below the Fuel Bundles for Case Number 12. (Q = 1048 GPM,

TINLET 150°F, P,/ .9, inlet flow down, peak heat generation near center of pool)

FIGURE 38. Temperature and
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QUTLET SIDE OF POOL

Temperature and Flow Distribution below the Fuel Bundles for Case Number 16. (Q 1048 GPM,

TINLET 150°F, PLJE 13.9, inlet flow down, peak heat generation near edge of pool)
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FIGURE 41. Temperature and Flow Distribution below the Fuel Bundles for Case Number 17. (Q = 450 GPM,
TINLET = 130°F, PL/P = 13.9, inlet flow down, peak heat generation near center of pool)



TLET SIiDE OF POOL "LANE 2

Tempecature and Flow Distribution below the Fuel Bundlies for Case Number 18. (0 450 GPM,

TINLET 100°F, P, /P G, inlet flow down, peak heat generation near center of pool)
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QUTLET SIDE OF POOL - PLANE 10

FIGURE 48. Temperature and Flow Distribution above the Fuel Bundles for Case Number 12. (Q = 1048 GPM,
TINLET = 150°F, PL/P = 13.9, inlet flow down, peak heat generation near center of pool)
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£1. Temperature and Flow Distribution above the Fuel Bundles for Case Number 17. (Q

TINLET 130°F, P, /P 13.9, inlet flow down, peak heat generation near center of
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Distribution above the Fuel Bundles for Case Number 19.

1

* r N £ D
TINLET 130°F, P

Temperature and Flow D
P
open flow region 0f cask area removed from model)

3.9, inlet flow down, peak heat generation near center of pool,
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BOTTOM OF POOL = PLANE 3
FIGURE 54, Temperature and Flow Distribution along the Front Wall of the

Poo) for Case Number 5. (Q = 4187 GPM, TINLET = 150°F, PL/# =
1.4, inlet flow down, peak heat gencration near center of pool)
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BOTTOM OF POOL ~ PLANE 3
FIGURE 55. Temperature and Flow Distribution along the Front Wall of the

Pool for Case Number 11, (Q = 1048 GPM, TINLET = 150°F, P /P =
1.4, inlet flow down, peak heat generatmn under inlet)
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B0TTOM OF POOL ~ PLANE 3
FIGURE 58. Temperature and Flow Distribution along the Front Wall of the

Pool for Case Number 12, (Q = 1048 GPM, TINLET = 150°F, PL/P =
13.9, inlet flow down, peax heat generation near center of pool)

17



0.000

0 000 3) nee
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FIGURE 59. Temperature and Flow Distribution along the Front Wall of the
~ Pool for Case Number 14. (Q = 1048 GPM, TINLET = 150°F, P /P =
13.9, inlet flow horizontal, peak heat generation near cen&er of
pool)

78



y N . 4 < Yy b vy o4 4 Y y &
1
r - - + r F r N -~ > v y ¥
& < » Y ¥ > » > B
0.000 -
0.000 33868

BOTTOM OF POOL ~ PLANE 3
FIGU"E 60. Temperature and Flow Distribution along the Front Wall of the

Pool for Case Number 16. (Q = 1048 GPM, TINLET = 130°F, P, /P =
13.9, inlet flow down, peak heat generation near edge of pbol)
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FIGURE 61. Temperature and Flow Distribution along the Front Wali of the

Pool for Case Number 17. (Q = 450 GPM, TINLET = 130°F, P /P =
13.9, inlet flow down, peak ncat generation near center of pool)
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FIGURE 62. Temperature and Flow Distribution 2'~na the Front Wall of the
Poo] for Case Number 18. (Q = 450 GPM, {INLET = 100°F, P /P =
13.9, inlet flow down, peak heat generation near center of pool)
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FIGURE 63. Teimperature and Flow Distribution along the Front Wall of the
Pool for Case Number 19. (Q = 450 GPM, TINLET = 130°F, P, /P =
13.9, inlet flow down, peak heat generation near center of pool,
large open flow region of cask area removed from model)
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FIGURE 64.

BOTTOM OF POOL ~ PLANE N1

Temperature and Veloc1t5 Distribution in a Plane above the
Leveliny Pads for Case Number 5. (Q = 4187 GPM, TINLET =
150°F, P,/ 1.4, inlet flow down, peak heat generation near
center o* pool)
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FIGURE 65. Temperature and Velocity Distribution in a Plane above the
Leveling Pads for Case Number 9. (Q = 1048 GPM, TINLET =
150°F, P, /P = 1.4, inlet flow down, peak heat generation near
center of pool)
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FIGUKE 66. Temperature and Velocity Listribution in a Plane above the
Level1ng Pads for Case Number 10. (Q = 1048 GPM, TINLET =
130°F, P, /P = 1.4, inlet "iow down, peak heat generation near

center of pool)
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FIGURE 67.

3. e6s

BOTTOM OF POOL - PLANE 11

Temperature and Velocity Distribution in a Plane above the
Leveling Pads for Case Number 11. (Q = 1048 GPM, TINLET =
150°F, PL/P = 1.4, inlet flow down, peak heat generacion under
inlet)
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BOTTOM OF POOL - PLANE 11

FIGURE 69. Temper *ure and Velocity Distribution in a Plane above the
Leveliry Pads for Case Number 14. (Q = 1048 GPM, TINLET =

150°F, . /P = 13.9, inlet flow horizontal, peak heat generation
near center of pool)
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BOTTOM OF POOL ~ PLANE 11

Temperature and Velocity Distribution in a Plane above the
Leveling Pads for Case Number 16. (Q = 1048 GPM, TINLET =

150°F, P, /P = 13.9, inlet flow down, peak heat generation near
edge of bool)
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CONCLUSIONS

The results presented in this report show that natural circulation is
sufficient to ensure adequate cooling of the spent fuel, regardless of the
loading pattern used or the orientation of the cooling system discharge nozzle.
The licensee's analysis predicted a hot bundle temperature rise of 15° or 27%
greater than that calculated by TEMPEST using a three-dimensional model and
conservative bundle loss coefficients.

It is also concluded that the open flow region above the fuel will be
well mixed and that there is sufficient flow area around the periphery and
beneath the storage racks to ensure adequate cooling, regardless of the loading
pattern used.

Locating the cooling system discharge nozzle in the region above the
pool rather than below does not significantly degrade the pool cooling perfor-
mance. However, locating the inlet above the fuel pundles does change the
location of the maximum temperature rise, as it does not necessarily occur in
the bundle with the highest heat generation rate. In aalition, the incoming
cold fluid tends to place a flow resistance cap over the bundles in the vicinity
of the discharge nozzle, which competes with the buoyancy effects of the heated
pbundles below. This results in stable temperature oscil¥ations of 8°F in
some of the bundles near the discharge nozzle.
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APPENDIX A
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INPUT FOR CASE 12
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INFUT FOR CASE 14

» asse. in hot discharge near center of pool. pr=13.9,ti=150f, w/F.D.
size, 26 19 23

time, 1.0 100 2200

prnt, 100 100 2 18 1

time, .1 600 1600 132
prnt, 2 18 1

rest, 1 1

pres, 200 1-8

post,

misc, 1 1 1

temp,

seal, 10.

cont,read, tess,

cont, heat, pace,mont,dtim,

cont,save,

cont,rxio, besq,

cont,pore,

dbug,in t,prop,ttbl,mt p,nt p,size, data,
dbug,dcid,vp r,ap r,

aout,velz,vel ,vel ,temp,

50 1 26 1 19 1 23 1
0 1 2 25 2 18 3 22 1 all
50 3 7 3 9 4 4 1 block
50 9 10 3 . 4 4 1 block
20 1 2 25 19 19 3 22 1 top
0 10 0 25 25 14 14 21 21 1 inflo
0 10 0 3 3 14 14 21 20 1 inflo
0 1222 1 25 25 14 14 21 21 1 inflo
0 1122 2 3 3 14 14 21 21 1 inflo
40 1 10 10 14 14 2 2 1 outfl
40 1 18 18 14 14 2 2 1 outf)
1 49 1 3 19 3 K 4 22 4 cells
50 51 1 3 19 3 9 3 3 4 edge
50 51 0 3 25 3 9 22 22 4 edge
1 51 50 2 2 3 9 3 21 4 side
53 82 1 2 19 3 9 10 10 4 rstrip
53 52 1 3 19 3 9 16 16 4 rstrip
1 52 53 8 8 3 9 3 2 4 xstrip
1 52 53 14 14 3 9 3 21 4 xstrip
1 52 53 20 20 3 g 18 21 4 xstrip
1 49 1 21 25 3 9 18 21 4 cells
1 21 25 3 9 17 17 4 cells
2 2 3 9 10 10 4 in sect
2 2 3 9 16 16 4 in sect

A.16






1.e+§ X

1.e+9

-9999
13
1.04
695
695
232
.602
174

o
WD et et LD b e e et

o

N
063~ 2889132,

.068-.2889132.
.080-.2169132.

.080-.2:69132.

1. 149 1
1. .003 1. 002 1. .002
2.22.77 2. 1.6 2. 283.
‘ 2 19
2 19
v 9 17
.0 18 18
.0 11 11
.0 2 19
.0 e 19
.0 2 Iy
¥ 8 &
1. 4 14
0 2! 25
0 2l 25
" 20 20
54 21 25

A.18

N
W

MRONNDWWMNIMNMNDNDINWWWMN W -

£

™ 0o 0o 0o 00 00 00 00 00 00 00 00 N 0 M) WO »—=

16

o

n o
W B e WO W s = W

e aund
w. oo

—
(s}

-

—
oo 0o

——
NN e OO

21
21
21
21

10
6
21
21
21
17
21
21

.

9
9
16
16
16
16

24
17
17
17
36
36
36
36
36
36
36
36
36
36
36
36
36
36

serip
strip
in sorce
in sorce
in sorce
in sorce
q-table
z-t wall
friction
1 nlen
all pore
all pore
back pore
back pore
front pore
strip p.
strip p.
strip p.
strip p.
strip p.
¢ pore
C pov ’
C 't
¢ pore



«f «F «F «f =f «F =3

poc

0f

<

a
-

near

je

1‘{":;’\&1Y

(

in hot

1€5

]

19

1
i
0,Desq,

assebAn
26
1.0
save,

nt
cont,rxio

OO OOO0O0O
) WU N

cont,read, tess
ont, hea

size,

C
pe




5
2 4 3
2 6 3
2 6 3
2 6 3
2 6 3
2 6 3
2 6 3
2 N 3
11 2 12
11 5 12
11 15 12
20 3 18
9 5 21
1 2 2.37
9 1321.11
20 20 2.75
1 2 14.5
1 3 2.37
11 1515.83
22 23 2.37
150.
170.
170.
180,
150.
150.
150.
150.
170,
1-9
§35.7
535.7
803.8
267.8
446.5
178.7
1-9
21142
1-9
21142
1-9

13
13
13
20
11

14
21

16

8 8 3
8 8 3
14 14 3
14 14 3
2 19 2
3 19 2
9 9 2
9 9 2
11 1 2
11 11 2
13 13 2
13 13 2
21 25 2
2 11 14
5 11 14
11 14
3 20 20
5 9 6
721.11 8
14 2.75 15
2615.83
9 24. 10
915.83 10
16 2.75 17
14,7 150,

10
16
10
16

3

4
11
15
11
15
11
15
18
13
13
13
21
13

90 180
8 2.75
1821.11

1927.96
10 2.75
2115.83

——
MW IO DD N MMM M NN N WO WO WO WO

50. 400.

26
26
19
17

—

~n
WO S W PG e ) W B 00 WD W e e
-
O

A.20

10
16
10
16
22
21
11
15
11
15
11
15
21
23
23
23
20
18

90

Cad G L) Ll ) 1 2 e (0 W L V) W 0 G0 () L L2 W WO — O

it

Co 0o G G0 00 00 Oo 00 00 Co O 0o 00 00 0 00 00 00 0 WO WO ==

i3
13
13
22

— ) N B

el e

e B B B R, B IR B

R R e e S = R = o

—

3in

3in
4

o
—
3

wn
-
3

wrun
e aubo
23

OO0 OOOUVOOODOVOOODLOLODOUCOUOOOO

in sect
in sect
in sect
in sect
edge a k
1 pleu k
foot
foot
foot
foot
foot
foot
1 pceuk
mont
mont
mont

T AKX X

mont

h2)
allt
upper

upit

all
heatl
heat?2
hotl
hot?2
heatd
heath
¢old
hotd
cold
hotd
cold



134.0 11 11 3 8 4 4 r 9 heatl
1-9 8 8 3 8 4 21 r 9 strip
1-9 14 14 3 8 4 21 r 9 strip
i-9 3 19 3 8 10 10r 9 strip
1-9 3 19 3 8 16 16r 9 strip
0. -.267 -.2889132. 1 18 in sorce
1.e+9 -. 267 -.2889132. 1 16 in sorce
0. -0.20 -.2169132. 2 16 1in sorce
1.e+9 -0.20 -,2169132. 2 16 1in sorce
00 00 30- l' l+9 lo 3 l 2‘ Q'tdb‘ﬁ
-9999 2. 1 1 17 z-t wall
A3 1. .003 1, 003 1. .002 !, .002 1. 49 8§83 17 friction
1.0 2. .78 2.23.77 2. 1.6 2. 283. 2. 2 6 17 1 plen
695 1.0 .A95 1.0 2 19 3 8 3 21 36 all pore
695 .54 .095 .54 S 2 2 3 21 36 all pore
232 1.0 .232 1.0 9 17 3 8 21 21 36 back pore
.602 1.0 .6(2 1.0 18 18 3 8 21 21 36 back pore
174 1.0 .174 1.0 11 1 3 8 4 4 36 front pore
I« 1. 1. 1.0 e 19 ¢ 8 3 3 36 strip p.
. 1+ 3. 10 2 19 2 8 10 10 36 stripp.
1. 1. 1. 1.0 2 19 2 8 16 16 36 strip p.
1. 10 1. I 8 8 2 8 3 21 36 strip p.
(. 10 1. 1. 14 14 2 8 3 21 36 strip p.
695 1.0 .695 1.0 21 25 3 8 18 21 36 c pore
1. 1. 1. 1.0 21 25 3 8 17 17 35 ¢ pore
1. 1. 1480 1. 20 20 2 8 18 21 36 c pore
655 .54 695 .54 21 25 2 2 18 21 36 <c¢ pore
3« 1. s 1.0 15 19 3 8 6 6 36 cld pore
1. 1. 1. 1.0 13 13 3 8 5 5 36 cld pore
5. L Y 18 12 12 3 ] 4 4 36 cld pore
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INPUT FOR CASE 17

* assebAmblies in hot discharge ncar center of pool. pr=13.9,ti=130f
size, 26 19 23

time, 1.0 100 2200
prnt, 100 100 2 18 1
time, .1 600 1600 132
prnt, 2 18 1
rest, 1 1
pres, 200 1-8
post,
misc, 1 1 1
tomp,
$ .Y, 10.
cont,read, tess,
cont, heat, pace,mont,dtim,
cont,save,
cont,rxio,besq,
cont,pore,
dbug,in t,prop,ttb! ,mt p,nt p,size, data,
dbug,dcid,vp r,ap r,
aout,velz,vel ,vel ,temp,
50 1 26 1 19 1 23 1
0 1 2 25 2 18 - S ¢ 1 all
50 3 7 3 9 4 4 1 block
50 3 10 3 9 4 4 1 block
20 1 2 25 19 19 3 22 1 top
0 10 0 25 25 14 14 21 21 1 inflo
0 10 0 3 3 14 14 21 21 1 inflo
0 12 1 25 25 14 14 21 21 1 inflo
0 12 2 3 3 14 14 21 21 1 inflo
40 1 10 10 14 14 2 2 1 outfl
40 1 18 18 14 14 2 2 1 outfl
1 49 1 3 19 3 9 4 22 4 cells
50 51 1 3 18 3 9 3 3 4 edge
50 51 0 3 25 3 g 22 22 4 edqge
1 51 50 2 2 3 K 3 2i 4 side
53 &2 1 2 19 3 9 10 10 4 rstrip
53 52 1 3 19 3 9 16 16 4 rstrip
] S 83 8 8 3 9 3 21 1 xstrip
1 S 83 14 14 3 9 3 21 4 xstrip
1 52 53 20 20 3 9 18 21 4 xstrip
1 4§ 1 21 25 3 g 18 21 4 cells
1 21 25 3 9 17 17 4 cells
2 2 3 9 10 10 4 in sect
2 2 3 9 16 16 4 in sect
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5
2 4 3
2 6 3
2 o 3
e & 3
g & 3
e 6 3
2 6 3
2 4 3
11 2 12
11 5 12
11 15 12
20 3 19
9 5 21
1 2 2.37
9 1321.11
20 20 2.75
1 2 14.5
1 32.37
11  1515.83
22 23 2.37
150.
170.
170.
180.
150.
150.
150.
150.
170.
1-9
535.7
535.7
803.8
267.
446.5
178.7
21142
21242
134.0
1-9
1-9

13
13
13
20
11

14
21

16

8 8

g 8

14 14
14 14
2 19

3 19

S 9

g 9

11 11
11 11
13 13
13 13
21 25
2 11

5 1

15 11
3 20

5 9

721.11

14 2.75
2615.83
9 24.

915.83

16 2.75
14.7

10
16
10
16

3

4
11
15
11
15
11
15
18
13
13
13
21
13

90 180
8 82.75
15 1921.11

10 1927.96
10 10 2.75
17 2115.83
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INPUT FOR CASE 18

¢ assebAmblies in hot discharge near center of pool. pr=13.9,ti=100f
size, 26 19 23

time, 1.0 100 2200

prnt, 100 100 2 18 1

time, .1 600 1600 132
prnt, 2 18 1

rest, 1 1

pres, 200 1-8

post,

misc, 1 1 1

temp,

seal, 10.

cont,read, tess,

cont heat,pace,mont, dtim,

cont,save,

cont,rxio, besq,

cont ,pore,

dbug,in t,prop,ttbl,mt p,nt p,size data,
dbug,dcid,vp r,ap r,

aout,velz,vel ,vel  temp,

50 1 26 1 19 1 23 1
0 1 2 25 2 18 3 22 1 all
50 3 7 3 9 4 4 1 block
50 9 10 3 9 4 4 1 block
20 1 2 25 19 19 3 22 1 top
0 10 0 25 25 14 14 21 21 1 inflo
0 10 0 3 3 14 14 21 2 1 inflo
0 12 1 25 25 14 14 21 2 1 inflo
0 12 2 3 3 14 14 21 2 1 inflo
40 1 i0 10 14 14 2 2 1 outfl
40 1 18 18 14 14 2 2 1 outfl
1 49 1 3 19 3 e 4 22 ) cells
50 51 1 3 19 3 9 3 3 4 edge
50 51 0 3 25 3 g 22 22 B edge
1 51 50 2 2 3 g 3 21 4 side
53 57 1 2 19 3 g 10 10 4 rstrip
83 r: 1 3 19 3 9 16 16 4 rstrip
1 32 8§83 8 8 3 K 3 2 ) xstrip
1 52 83 14 14 3 E 3 2 M xstrip
1 52 53 20 20 3 g 18 21 ) xstrip
1 49 1 21 25 3 9 18 21 4 cells
1 21 25 3 9 17 1 4 cells
2 2 3 9 10 10 1 in sect
2 2 3 9 16 16 4 in sect
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2 6 3
2 6 3
2 6 3
2 6 3
2 6 3
2 6 3
2 4 3
11 2 12
11 5 12
11 15 12
20 3 19
9 5 21
1 2 2.37
9 1321.11
20 20 2.75
1 2 14.5
1 32,37
11 1515.83
22 23 2.%37
150.
170.
170.
180.
150,
150.
150.
150,
170.
1-9
535.7
535.7
803.8
267.8
446.5
178.7
21142
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134.0
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13
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14
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8 8 3
8 8 3
14 14 3
14 14 3
2 19 2
3 19 2
3 9 2
9 9 2
11 11 2
11 11 2
13 13 2
13 13 2
21 25 2
2 11 14
5 11 14
15 11 14
3 20 20
5 9 6
721.11 8
14 2.75 15
2615.83
9 24. 10
915.83 10
16 2.75 17
14.7 150,
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1921.11
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INPUT FOR CASE 19

. asse. in hot discharge near c.o.p.. pr=13.9,ti=130f (no cask area)
size, 26 19 23

time, 1.0 100 2209

prnt, 100 100 2 18 1

time, .1 600 1600 132
prnt, 2 18 1

rest, 1 1

pres, 200 1-8

post,

misc, 1 1 1

temp,

seal, 10.

cont,read,tess,

cont, heat,pace,mont,dtim,

cont,save,

cont,rxio,besq,

cont,pore,

dbug,in t,prop,ttbl,mt p,nt p,size,data,
dbug,dcid,vp r,ap r,

aout, velz, vel ,vel , temp,

50

1 26 1 19 1 23 1
0 1 2 25 2 18 3 22 1 all
50 3 7 3 9 4 3 1 block
50 9 10 3 K 4 4 1 block
20 1 2 25 19 19 3 22 1 top
0 10 0 25 25 14 14 21 21 1 inflo
0 10 0 3 3 4 14 21 21 1 inflo
0 12 1 25 25 14 14 21 21 1 inflo
0 12 2 3 3 14 14 21 21 | inflo
40 1 10 10 14 14 2 2 1 outf)
40 1 18 18 14 14 2 2 1 outfl
50 21 25 1 19 1 17 1 ima

1 49 1 3 19 3 9 4§ 22 4 cells

50 51 1 3 19 3 - 3 3 K edge
50 51 0 3 25 3 9 22 22 4 edge

1 51 50 2 2 3 9 3 21 4 side
53 82 1 2 19 3 9 10 10 Rl rstrip
53 52 1 3 19 3 9 16 16 B rstrip
1 52 53 8 8 3 g 3 21 4 xstrip
1 52 53 14 14 3 E 3 21 4 xstrip
1 52 53 20 20 3 9 18 21 4 xstrip
1 49 1 21 25 3 9 18 21 4 cells
1 21 25 3 9 17 4 cells
2 2 3 9 10 10 4 in sect
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11 1515.83
22 23237
150.
170.
170.
180.
150.
150.
150.
150.
170.
1-9
535.7
§35.7
803.8
267.8
446.5
178.7
21142
21242
134.0
1-9

13
13
13
20

14
21

16

e 2

8 8

8 8

14 14
14 14
2 19

3 19

9 9

g 9

11 11
11 11
13 13
13 13
21 25
2 11

5 11

15 11
3 20

9 21

721.11

14 2.75
2615.83
9 24,

915.83

16 2.75
14.7

[t R
O 8B 80 M MMM N M RN N W W W W W

~N
s

8
15

10
10
17

150.

16
10
16
10
16

3

4
11
15
11
15
11
15
18
13
13
13
21
18

90 180
8 2.75
1921.11

1927.96
10 2.75
2115.83

—
WWorn MM NI R R R N M M N WO WO WO OO

50. 400,

26
26
19
17

8
14
19
19
25
25
15
25
13
10
18
17
13
13
11

8

—— ~n ~n i
00 = WO~ v 00 W 3 v L PO »= L L 8 00 WO W+t e

—

A.29

16
10
16
10
16
22
21
11
15
11
15
11
15
21
23
23
23
20

~

L L W 0 W W W W W0 W PO W W W 0 W2 W) W WO O

—
0o 00 0o 0o G0 0o Co 0o 00 0o 00 00 00 00 00 00 00 0D WO WO »

13
13
13
22
13

—— N B

EEELLEE LES .

NN YOO 8B 5 5 50 50 D0 D0 B2 50 80 55 80 5o B

un
-
>

VOOOUOOOUOOLOOVODOUOOVOOUOOON

in sect
in sect
in sect
in sect
in sect
edge a k
1 pleu k
foot
foot
foot
foot
foot
foot
1 pceuk
mont
mont
mont

o X e

mont

h20
allt
upper

upit

all
heatl
heat?
hotl
hot?2
heatd
heat5
hotd
hotd
heat3
strip






BIBLIOGRAPHIC DATA SHEET
DoL0oD

e ST ¢ PV SV

}




UNITED STATES
!UCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555

QFFICIAL BUSINESS
PENALTY FOR FRIVATE USE, $30

120558078877 1 1ANLIRJ
33y 0F B3 SVes

v F PUE
BBL18Y & PUR M3T BR=POR
W=537 .
WASHINGTON oC

NUREG
205%5

SPECIAL FOURTM CLARS RATE
POSTAGE & FEES PAID
USNAT

PERMIT No G 8




