2.2 LOCATION

The site is in the Town* of Carlton in the southeast corner of Kewaunee County, Wisconsin, on
the west shore of Lake Michigan. The city of Green Bay is about 27 miles WNW of the
site. Milwaukee is about 90 miles to the SSW. It is located at longitude 87° 32.1JW and latitude
44° 20.6]N, and is shown in Figure 2.2-1. The closest distance to the international boundary
between Canada and the United States is approximately 200 miles northeast of the site.

The site as shown on Figure 2.2-2 is all owned by WPS except for the highways and one
cemetery site (1.13 acres) located on the highway north of the plant. Total acreage owned as
plant site is 907.57 acres.

The cemetery site is owned by and will remain in the ownership of the Town of Carlton with
perpetual care provided by the Town. There are no dwellings or public buildings on the
cemetery site.

* Wisconsin townships are referred to as Town of . .. . ..
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2.6

2.6.1

2.6.2

HYDROLOGY
SUMMARY

The plant's circulating water is drawn from Lake Michigan. All radioactive liquid wastes
generated at the plant are collected, treated and monitored in accordance with 10 CFR 20 so that
release concentrations at the circulating water discharge are maintained ALARA. The nearest
potable water intake is 112 miles north at the Rostok Plant intake near Kewaunee. Circulating
water released from the plant is diluted by a factor of approximately 60 by the time the water
flow reaches the Rostok intake, assuming an average lake current flow of 0.35 ft/sec. This
dilution factor is calculated according to Equation (5) in Section 2.6.4.

As mentioned above, normal operation of the plant results in releases ALARA at the point of
discharge, consequently, normal operation results in insignificant drinking water radioactivity
content at the nearest point of such use. The Point Beach Nuclear Plant wastes, which are also
discharged to the lake ALARA, produce a concentration of less than 2E-9 puCi/cc at the Rostok
Plant water intake. Consequently, the normal effluent to the lake waters from both plants
simultaneously is more than adequately diluted at the water intake near Kewaunee.

GENERAL LAKE HYDROLOGY

The normal water level in Lake Michigan is approximately 577.0 feet, based upon the
International Great Lakes Datum, 1955 (IGLD, 1955). The maximum-recorded water level was
582.3 feet in 1986 and the minimum recorded level was 575.4 feet in 1964. At the time IGLD
1955 was established, it was recognized that this common datum would have to be periodically
revised due to isostatic rebound, sometimes referred to as crustal movement. Isostatic rebound is
the gradual rising or “bouncing back” of the earth’s crust from the weight of the glaciers that
covered the Great Lakes-St. Lawrence River region during the last ice age. This movement is
very gradual and has been occurring since the retreat of the glaciers.

The IGLD was revised to the 1985 standard (IGLD, 1985) when the standard was issued (1992).
This new standard affects the reporting of water levels in Lake Michigan. The U.S. Army Corps
of Engineers has established a delta 0of 0.7 feet between the older standard (1955) and the newer
standard (1985) due to this rebound effect. Due to the simultaneous movement of the water and
landmass, there is no difference in the vertical position of the Kewaunee plant in relation to Lake
Michigan. The difference exists in the currently reported water levels in relation to historic
values. This is a result of the benchmark elevation changes due to adjustments for crustal
movement, more accurate measurement of elevation differences, a new reference zero point
location, and an expanded geodetic network. The zero point for IGLD 1985 is at Rimouski,
Quebec.

Current, Tides, Waves and Littoral Drift (Reference 1)

On the west side of Lake Michigan, the surface current is largely parallel to the shore and nearly
22° to the right of the prevailing wind. The predominant current direction near the western shore
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during the period of greatest stratification is in the northerly direction. However, temporary
reversals of the general trend may take place (Reference 2).

Current velocity was measured (Reference 3) at 20-minute intervals from August to October,
2-miles off the coast of Sheboygan. The measurements were taken from the surface of the lake
down to a depth of 30 feet. The observed persistence patterns for different current velocities are
shown in Table 2.6-1. Itis fairly certain that this pattern does not differ greatly during the other
months of the year.

Tides on Lake Michigan created by the attraction of the moon and sun are insignificant. The
total range of oscillation does not exceed 2 inches. However, squalls may raise the surface of the
lake by several feet. Deep-water wave heights in the general vicinity of the site due to storms or
seiches, and the expected frequency, are shown in Table 2.6-2. Waves are responsible for most
of the littoral drift on Lake Michigan. The predominant drift appears to be to the north.

Waves are potentially damaging to the shore structures from impact and run-up. Shore stability
is well established as evidenced by the stable location of the shoreline over the long period of
time that records are available. Historical publications making reference to the lake commerce at
the site occupied by the Kewaunee plant, old photographs, and reports by old-time residents in
the area indicate that the shoreline has not changed significantly over the last sixty years. The
most recent occurrence of shore erosion was during construction of the plant in 1969. Wave
erosion during a severe storm undercut the bank at the promontory protruding into the lake at the
southeast end of the site. The damage was repaired and the bank was stabilized with large riprap,
which also serves to protect the circulating water discharge.

The shore protection fronting the plant consists of riprap starting at the lake bottom at about
Elevation 575.0 feet, a layer of riprap, consisting of face stones about 1,500 pounds to 3 tons
each, is laid on the ground rock fill (a mixture of 50 pounds to 150 pounds graded rock and pit
run gravel) at a slope 0f 2.0 horizontal to 1.0 vertical and extends up to a 5-foot-wide promenade
at Elevation 586.0 feet.

From the shore side of the promenade a layer of riprap consisting of face stones about 500
pounds each is laid at a slope of 1.5 horizontal to 1.0 vertical on the pit run gravel fill and
extends up to the edge of the bank.

Specific gravity of the riprap is about 2.4 with a 2.3 minimum. All riprap stones have a
2% maximum absorption, as per AASHO T-85 with a maximum abrasion loss of 45%.

In addition to the continuous riprap along the shoreline, riprap protection is also installed on both
sides of sheet-pile walls of the discharge structure and in the overflow canal immediately in front
of the screenhouse forebay.

AtKewaunee, the circulating water screenhouse-forebay structure is the plant structure nearest to
the shoreline and is the structure most likely to be affected by waves. The screenhouse-forebay
structure is located 180 feet from the normal shoreline. Waves cannot impact directly on the
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structure. It is possible for wave run-up to reach the screenhouse-forebay structure on occasion.
Wave run-up that reaches the screenhouse-forebay structure will have negligible effect and will
neither endanger the structure nor adversely affect the operation of the circulating water system.
Any water that reaches the screenhouse-forebay structure will spill harmlessly into the
screenhouse-forebay through the forebay overflow weir.

Computations of maximum wave run-up are based on information from the Office of the Chief
of Engineers (Reference 4). Wave height data given in Table 2.6-2 were used to establish
maximum expected run-up and frequencies of occurrence. The run-up at the Kewaunee site is
that for a protective beach, which in this case is the submerged and unsubmerged terrain
extending from the plant into the lake. The beach is characterized by a rather uniform 1%
slope. For maximum run-up there is a “significant wave” height which can be related to the
deepwater waves summarized in this section. In gencral, waves remain intact until bottom
influences near shore cause them to break. A wave’s cnergy is transmitted relatively
undiminished until it breaks. Upon breaking, energy is rapidly dissipated on the unsubmerged
beach.

The analysis in Reference 4 was modified to determine hurricane surge height. Thisresultedina
maximum surge height of 1.9 feet, produced by the combined effects of wind and
pressure. Based upon the study by the Corps of Engineers (Reference 20), the result is
considered satisfactory. As previously stated, the maximum recorded lake level in the vicinity of
the Kewaunee site is 582.3 feet. This figure in combination with the 1.9 foot storm surge results
in a probable-maximum water level resulting from probable-maximum meteorological events
coincident with maximum lake level of 584.2 feet. However, since most severe storms occur
during the winter months and highest lake levels usually occur during the summer months; the
probability of maximum level and maximum storm surge occurring simultaneously is relatively
small, and therefore, the analysis is considered to be conservative.

The Atomic Encrgy Commission (AEC) independently calculated the maximum lake level for
Kewaunee to be 589.9 feet (see Reference 21). To accommodate this higher water level the
Kewaunee screenhouse was modified during original construction. These modifications
included:

1) two bulkhead type doors on exterior access doors to the screenhouse,

2) screenhouse floor covers and manholes to be bolted down,

3) low interior bulkheads,

4) gasketed traveling water screen covers to be sealed and strengthened, and

5) ad-inch high ramp across the access tunnel to prevent seepage water from reaching the diesel
generator room.

These modifications were considered adequate by the AEC to prevent damage to safety-related
equipment.

At the Kewaunee site, the “significant deep water wave” is 22.5 feet high and will probably have
aperiod of 11.4 seconds. The wave will break in 28.1 feet of water, which occurs approximately
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2000 feet from the shoreline at high water. The resulting maximum run-up, for maximum size
waves attendant to probable maximum lake level, is at an elevation of 585.4 feet. The top
elevation of the wall nearest the lake is 582.5 feet. This is the crest of the forebay overflow
(shown in Figure 10.2-10). The top of the non-overflow section of the screenhouse-forebay is at
an elevation of 592.5 feet. These wave run-up computations show that on rare occasions some
waves may reach the lakeward wall of the screenhouse-forebay structure. The depth of the water
reaching the wall will be minimal and will not contain sufficient energy to cause any structural
damage. That part of the wave reaching the lakeward wall will spill harmlessly into the
circulating water forebay. No part of the wave will overtop the non-overflow part of the wall.

Investigations were made of the structures that could be possibly affected by the dynamic loads
caused by high lake levels. The bottom elevation of the discharge channel is 572.0 feet. Thus,
the maximum water depth in the discharge channel is 11.8 feet. Based on the breaking wave
theory described in Reference 4, the maximum non-breaking wave that can enter the channel is
9.22 feet, disregarding height limitations imposed by lake bottom topography. By applying the
Sainflow method for wave forces due to non-breaking waves described in the same reference, the
calculated maximum wave force acting on the discharge structures such as concrete wall and
sheet piling, is about 15 psi which is well within the capability of these structures.

Regarding the wave force on the screenhouse structure, the maximum waves, which can
penetrate into the forebay, are much lower because of shallow water depth in the overflow
channel. The maximum non-breaking wave height reaching the forebay is only 1.90 feet. The
calculated dynamic force is less than 1.0 psi, which is well below the force, which this structure
can absorb.

The discharge structure, intake crib and screenhouse have been designed for the dynamic forces
caused by the probable maximum lake level conditions or conditions which exceed the
maximum lake level conditions.

These structures are discussed in greater detail below.
Discharge Structure

The major element of the discharge structure subject to the effects of high water is the sheet pile
wall forming the afterbay. The condition determining the design of the sheet piling was the
construction condition, which is as follows:

1. Computed back fill (Moist Granular Sand) behind sheets to elevation 582 feet and opposite
side excavated to elevation 564 feet. This produced a cantilevered sheet pile design, which
was the critical condition.

Since the elevation of the top of the sheets varied from 586.5 feet to 577 feet, it was determined
that dynamic forces due to wave action after completion of construction would not be as severe
as the construction condition. Dynamic forces due to the maximum lake level condition was not
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considered during the construction condition because the entire discharge construction work was
protected by a cofferdam.

The concrete work of the discharge structure was designed for the following dynamic loading.

1. Ice pressure of 10-kpfthrust due to expansion of an 18-inch thick sheet of ice. This loading
was applied to the east side of the structure and is based on information in Vol. 112 ASCE
Transactions 1947, Thrust Exerted by Expanding Ice Sheet by E. Rose, utilizing the
following assumptions:

Ice Thickness - 18 inches
Solar Energy Considered
Rate of Air Temperature Rise - 10°F Per Hour
Complete Lateral Restraint of Ice Sheet Exists

o o

2. Baffle pier walkway was designed for an uplift pressure of 200 psf due to surge.
3. Baffle wall was designed for a uniformly applied horizontal load of 70 psf due to surge.
Screenhouse

The relative location of the screenhouse with respect to the shoreline eliminated the necessity for
applying dynamic load conditions due to probable maximum lake level conditions. Where
applicable, the maximum static high water level conditions were considered throughout the
design of the screenhouse.

Intake Crib

The intake crib top is about 20 feet below still water level during the probable maximum water
level. Therefore, there is no possibility that wave dynamic forces will endanger this structure.

Pack ice, in the form of frozen spray and ice floes, has been reported to a height of 20 feet at the
shore by local residents. No measurements of the extent or depth of the pack ice have been
made, and no official observations or records have been kept by any agency to verify the reports
of local residents. The extent of the pack ice was established by interviewing land owners
bordering the site from which it was determined that the maximum offshore extent of pack ice
ranges between approximately 800 feet to 950 feet. It is shown in Table 2.6-2 that 17-foot waves
may be expected on Lake Michigan once each ten years. If such waves occurred towards the
shore at a time of ice break-up on the lake (a very remote possibility), it is conceivable that there
would be some ice pile-up on the shore. Experience at three plants of the Wisconsin Electric
Power Company on Lake Michigan has shown that no significant problems have arisen from
icing as a result of design features incorporated in these plants. The Kewaunee Plant design
incorporates features to insure a continuous supply of cooling water.
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Lake Temperatures and Effect of Warm Water Discharges

The temperature stratification and circulation patterns of water in Lake Michigan have very
distinct characteristics, as follows:

At the beginning of March, a warming trend starts in the lake water and at the end of May all of
the water in the lake has reached approximately 40°F, which is the temperature of maximum
water density. Until the temperature reaches this point, the surface water is colder than the
deeper water in the lake. The colder surface water, which remains at approximately 34°F, is
lighter than the 40°F deeper water. This layer of colder water circulates on the surface of the
warmer deep water, reaching depths of 25 to 30 feet from the surface.

When all the water in the lake reaches approximately 40°F, the thermocline layer disappears and
thorough mixing of the water in the lake takes place. However, when the ambient air
temperature warms up the surface water, a thermocline layer is formed again at depths of 30 to
50 feet from the surface.

This occurs from May to July and at this time parts of the water in the lake reach 65°F to
70°F. Consequently, the warmer and lighter surface water circulates above the denser and
relatively stagnant 40°F water at the bottom of the lake. This condition continues until a cooling
trend starts in September, reaching a peak about the last part of January, at which time the water
in the lake again reaches an overall temperature of 40°F. At this time, mixing of the waters in
the lake takes place until a colder and lighter layer of surface water starts to build up. Seasonal
lake temperatures are given by Church (Reference S and 6).

The circulating water intake is a submerged crib-type intake located iri approximately 15 feet of
water. A thermocline does not exist in the vicinity of the intake since it is located at depths
greater than the intake structure. Summertime water temperatures are generally above the
thermocline. Historical data for lake water tempcratures applied to the Kewaunee site were taken
from the city of Green Bay’s Rostok intake located near Kewaunee, at approximately 50-foot
water depth. The water temperatures at the Rostok intake are generally above the thermocline.

The circulating water discharge facility is an onshore structure discharging at the shoreline and
designed for minimum impact on the lake environment. The discharge at the shore edge is from
a 40-foot wide channel, 5 feet deep (at normal lake level). Design outlet velocities range froma
minimum 2.5-fps to 4.7-fps. The discharge structure provides the termination for the circulating
water discharge pipe, a transition from the 120-inch pipe to the open discharge bay, and the
outlet to the lake. The discharge bay (or afterbay) receives the discharge circulating water from
the submerged pipe transition outlet. At the upstream end, the floor of the discharge bay rises as
the sides widen. The downstream portion of the discharge bay is a rectangular channel, 40 feet
wide. The discharge bay is normally 5 feet deep but may range from a minimum of 3.4 feetat
lowest lake level to 9.9 feet at highest lake level. With two pumps in operation, the discharge is
420,000 gpm but on occasion may be 220,000 gpm with one circulating water pump operating.
The discharge flows into the shallow beach area, and generally tends to stratify at the surface.
Flow disperses away from the discharge point mixing with the cooler substrata, as water depths
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2.6.3

become greater. Surface water temperatures will decrease as distance from the plant increases.
This apparent cooling is the combined effect of mixing and heat loss to the air. Atapproximately
1 mile from the plant, surface water temperature returns to within one degree of the lake
temperature.

GENERAL SITE HYDROLOGY
Rainfall

Lake Michigan and Lake Huron are considered a unity from the standpoint of drainage and water
level since these two lakes are connected. The drainage basin for these two lakes comprises
115,700 square miles and has an average annual rainfall of about 31 inches. The average and
maximum precipitation recorded at various locations on the Wisconsin Shore of Lake Michigan
is given in Table 2.6-3.

Floods

There are no large rivers or streams in the vicinity of the site. The major part of the site is 20 feet
or more above the normal lake level, and there is no record that it was flooded by the lake at
anytime.

The small stream directly south of the plant is one of several drainage channels lying in the
immediate vicinity of the plant, that drain storm water from a high ridge located some 7,000 feet
west. The close proximity of these drainage channels and their associated drainage areas relieves
the total maximum floodwater flow to the plant drainage channel.

The maximum probable rainfall may be determined from the one-hundred-year hourly rainfall
intensity of 2.5 inches as shown in the “Rainfall Frequency Atlas of The United States”,
Technical Paper No. 40, U.S. Weather Bureau, which compares favorably with the greatest
hourly rainfall shown in the Weather Bureau rccords for Green Bay, Wisconsin. (Total record
available at time of license application was 10 years.)

The maximum hourly rainfall intensity falls on the area drained by the plant channel which is
centered between two other channels; one lying immediately north of the plant area and one
immediately south. The drainage area is pie-shaped, with its nose at the westerly high ridge, and
its base at the Lake Michigan shoreline. The total area is not more than 640 acres.

The drainage channel has an effective length of 1 mile and averages 30 feet in width. The
channel only flows during heavy rains. The side contours of the ditch are such that a depth of 4
feet of water can be carried through the plant area without overflowing.

In considering the maximum probable runoff, the rational method was used and was then related
to the interval of time, starting from the onset of the period of precipitation for the runoff from
the most remote portion of the drainage area. This time interval, when related to a maximum
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hourly rainfall intensity, results in a rainfall equivalent of 1.75 inches per hour. (From Rouse
“Engineering Hydraulics”, Chapter IV, Hydrology.)

Thus, using the rational method, the peak run to the drainage channel is 336 CFS. The peak flow
that the drainage ditch can handle, without overflowing, is 466.53 CFS. It was concluded that no
flooding of the plant could occur from the probable maximum flood flow.

Based on the improbability of flooding from rain and the height of the safety equipment above
the maximum lake water level (585.5 feet), it was concluded that flooding is not a problem. Any
safety equipment that is located below ground level is further protected by plastic sheeting
associated with the concrete construction.

Flooding of the service water pumps, circulating water pump room, and plant access tunnel is not
probable. These are shown in Figure 10.2-10. The maximum probable water levels that can
occur in the open forebay under the most adverse weather conditions either from pump-trip
upsurge (585.5 feet) or from maximum wave run-up (585.4 feet) are below the floor level
(586.0 feet) of the service water pump room and access tunnel. The only flood water access to
the circulating pump room is from this floor level. Hence, none of these areas are subject to
flooding.

A review and re-evaluation of external flooding was performed in response to Generic Letter
GL 88-20, Individual Plant External Events (IPEEE) for Severe Accident Vulnerabilities and
resolution of generic issue GI-103, Design for Probable Maximum Precipitation (PMP). Usinga
revised PMP of 16.5 inches per hour, it was concluded that the site continued to have adequate
design capability to handle the 100-year hourly rain intensity, which historical experience has not
challenged (Reference 26).

Ground Water

Observations of surface drainage and water levels at the site borings indicate that the static
ground water level inland from the lake ranges from 10 to 25 feet below the ground surface. The
water table at the site generally slopes to the east, indicating a migration of ground water in that
direction. At the base of the bluffs, ground water levels are controlled by the elevation of Lake
Michigan.

The regional movement of ground water is from west to east. Therefore it is unlikely that
discharge into the aquifers at the site would affect any municipal well fields. Fluctuations in the
level of Lake Michigan are not of sufficient magnitude to affect the direction of ground water
movement. Heavy pumpage from the glacial drift or the Niagara dolomite aquifers in the vicinity
of the site would reverse the direction of ground water movement for a distance of only a few
hundred yards.

Because of the clay composition of the glacial drift, it is not likely that appreciable amounts of
any surface discharge from the plant would seep into the ground. Most of the effluent would
flow into Lake Michigan.
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The principal water-bearing formations underlying the site are the glacial drift and Niagara
dolomite aquifers, which are described in detail in Appendix A.

Potable Water Sources

Lake Michigan is used as the source of potable water supplies in the vicinity of the site for the
cities of Two Rivers (13 miles south) and Green Bay (intake at Rostok 11.5 miles north). No
other potable water uses are recorded within 50 miles of the site along the lakeshore. All public
water supplies drawn from Lake Michigan are treated in purification plants with steps consisting
of chemical addition of alum, activated carbon, mechanical mixing, flocculation, sedimentation,
filtration and disinfection. The nearest surfacc waters used for drinking, other than Lake
Michigan, are the Fox River at a point 43 miles west and Lake Winnebago 40 miles west of the
site.

Ground water provides the remaining population with potable supplies. Public ground water
supplies within a 20-mile radius of the site are listed in Table 2.6-4. Additional wells for private
use are in existence throughout the rural region.

The sole users of ground water to be found within the general area of the plant are farm
residences. No public water supplies, nor any surface water users, are to be found within this
area.

However, those users relative to the plant, as shown in Figure 2.6-1, are only those rural wells
located in the south half of Sections 23 and 24, in the west half of Sections 26 and 35, and the
south half of Section 36 (all in T22N).

No public record of these wells has been made. It is known, however, that about half of the wells
within the general plant area use ground water found in a glacial drift that lies about 100 feet
below ground level. This drift consists of clayey soils inter-bedded with water bearing sand and
gravel out washes. These out washes are irregular and arc not continuous at the plant site. The
wells that draw from this glacial drift are typically 6 inches in diameter and 100 feet deep.

Each well typically produces about 17 gallons per minute. There are a total of 18 wells that
relate to the plant site, of which only 17 are ground water users; therefore, water usage from
ground water sources is (18 = 2) x 17, or 153 gallons per minute, and 220,320 gallons per day.

Fishing (Reference 7)

Commercial fishing in Lake Michigan has decreased in the last twenty-five years due to
proliferation of the sea lamprey, causing a reduction in lake trout and an increase in less desirable
rougher species of fish. Alewives, chubs and yellow perch accounted for 89% of the 1968
production from Lake Michigan. Efforts are being made by various organizations to reduce the
sea lamprey population and increase the abundance of edible fish.

USAR - Rev. 18
2.6-9 11/01/2003



2.6.4

Fishing is practiced generally throughout the lake. Fishing depths are greater than 12 fathoms
(72 feet). These depth restrictions place the fishing grounds at least 5 miles offshore. Inshore
fishing is licensed occasionally when alewives (a shad-like food fish) are schooling in along the
shore. This fish is used mostly for fertilizer and fishmeal manufacture.

Fishing in Lake Winnebago (40 miles west of the site) is confined primarily to rough species;
most of which go to mink ranchers in the area for use as animal food.

Sport fishing is one of Wisconsin’s prime tourist attractions. It may be considered as existing
throughout the state and along all shoreline arcas of the lake. Brown, rainbow, lake trout,
chinook and coho salmon accounted for 95% of the sport fishing catch in 1980.

DILUTION AND DIFFUSION IN LAKE MICHIGAN

Water from Lake Michigan is used extensively for municipal and domestic water supplies. As
described in Section 11, all radioactive liquid wastes generated at the plant are collected and
treated for possible reuse and monitored before being discharged from the site. All liquid waste
is released consistent with KNPP’s ALARA commitment before it reaches the nearest water
supply intake. The nearest municipal and domestic water intakes are located at Rostok and Two
Rivers (approximately 11.5 miles north and 13 miles south of the site, respectively).

Radioactivity discharged to the plant circulating water can occur in two modes. The first is the
normal controlled release of small amounts of activated corrosion products and fission products
into the circulating water stream. The second, conceivable only as a result of an operating error
or equipment failure, may be regarded as a short-term release before the waste release is shut off.

Computational models for evaluating the dilution of both types of radioactive releases are
discussed below.

Short Term Release

A number of diffusion relationships have been derived to describe diffusion in large bodies of
water. A widely used relationship is that derived by Okubo and Pritchard (Reference 8):

M )
S(r,1) zrD(Pt)z exp ) )

Where:
S(r,t)= concentration as a function of time and distance,

HCi

cc
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M= total activity release, uCi

D= depth of mixing layer, cm

P=  diffusion velocity, cm/sec

r=  distance downstream from release point at which S is determined, cm
t= time after start of release, sec

Experimental measurements in Lake Ontario for the Ginna Nuclear Station resulted in estimates
of the diffusion velocity ranging from 0.2 to 2 cm/sec.

Based on studies of Lake Michigan currents and water masses (Reference 1) it was determined
that the mixing depth of the lake is 25 to 50 feet, depending on the time of the year.

For the purposes of this analysis, it was assumed that:

P=  0.5cm/sec
D= 10°cm

Furthermore, since the conditions of most interest are those that will transport the radioactive
material along the shore rather than into the open reaches of the lake, the equation for
concentration is multiplied by a factor of 2. This factor accounts for the restricted diffusion in
the direction of the shore.

The peak concentration at any given time can be assumed to exist at the center (origin) of the
drifting plume and is a function of time only:

2M
Spet = ———= 2
Peck = 2 D(P1} @
The velocity of the current and its persistence at various speeds has been discussed previously
(Section 2.6.2). An average velocity calculated from these values is approximately
0.35 ft/sec. The peak concentration as a function of distance from the site, assuming this average
current velocity, is given in Table 2.6-5.

As required by 10 CFR 20, the annual average concentrations of unknown radionuclides in
unrestricted areas must not exceed 2E-9 pCi/cm®. It may be seen that short-period release of
radioactivity at the site will be diluted at the nearest municipal water intake (11.5 miles) to a
peak concentration of 8.54E-14 nCi/cm® per tCi of activity released. Furthermore, it should be
noted that the above concentration would be a transient value and not the average concentration,
which would enter the water intake.
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Normal Release

From the relationship used in the previous section for diffusion of an instantaneous release, it is
possible to obtain an expression for the concentration from a continuous release as follows:

2
Sbr)= ZleriDr P (lfz)2 ®)

Where:
S(y,r)= Concentration as a function of cross plume and distance,

HCi

cm3
Q= Release rate, Ci/sec
P= Diffusion velocity, cm/sec
r= The distance downstream from release point at which S is determined, cm
D= Depth of mixing, cm
y= Cross plume point at which S is determined, cm
t = Plume travel time to reach distance r with average current velocity, sec

At a given distance r, the concentration S equals zero initially (t=0), but eventually a saturation
condition is reached, corresponding to a maximum condition Sp,., which will exist as long as the
radioactive material is released at a constant rate. Under these conditions, Spay is a function of
distance only. The maximum concentration occurs at the centerline of the plume and, thus:

=—92 4
Smax \/;PD}‘ ( )

The maximum concentrations per unit activity rclease for various distances are shown in
Table 2.6-6.

The dilution factor DF (y,r) is given by

DF(y,r)= —2 n‘yl"Dr 5)

SGr)

Where:
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Q= AV
V= Discharge volume in cc/sec
A= Activity concentration nCi/cc

Using equation (5), it is calculated that a continuous discharge of radioactivity from the plant
would be diluted by a factor of approximately 60 by the time the flow reached the nearest
municipal drinking water intake, based on a 420,000 gpm circulating water flow.

The effluent from the Point Beach Nuclear Plant (4.5 miles south of the site) has not created any
significant problems. Although lake flow is normally in the direction from the Point Beach site
toward the Kewaunee site, the concentration of any radioactivity in the effluent from the Point
Beach Plant will be diluted by a factor of 35 by the time the effluent reaches the Kewaunee Plant
intake, based on a discharge flow from the Point Beach plant of 300,000 gpm.
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5.2

5.2.1

CONTAINMENT SYSTEM STRUCTURE DESIGN
REACTOR CONTAINMENT VESSEL DESIGN
Design Conditions

The Reactor Containment Vessel is designed for a maximum internal pressure of 46 psig and
a temperature of 268°F. The Reactor Containment Vessel design internal pressure as defined
by ASME Boiler and Pressure Vessel Code is 41.4 psig.

The vessel is 105 ft. inside diameter, 206 ft. high, and contains an internal net free volume of
1,320,000 ft2.

The vessel plate nominal thickness does not exceed 12" at the field welded joints so the
vessel, as an integral structure, did not require field stress relieving. The hemispherical dome
is %" thick and the ellipsoidal bottom is 14" thick. A polar crane of 230 tons capacity is
mounted on a girder attached to the vessel wall. Reinforcing plates at penetration openings
exceed 1'2" in thickness; however, these were fabricated as penetration weldment assemblies
and were stress-relieved before they were welded to adjacent vessel shell plates.

The following loadings were considered in the design of the Reactor Containment Vessel, in
addition to the pressure and temperature conditions described above:

Dead Loads

Design Basis Accident (DBA) Loads

Operating Loads

External Pressure Loads

Seismic Loads

Foundation Deformation Loads

Internal Test Pressure

Thermal Stresses (in steel shell due to temperature gradients)
Pipe Reaction and Rupture Forces

L IR R R TR IR R R R J

Design Leakage Rate

The Reactor Containment Vessel, including penetrations, is designed for low leakage. At the
completion of erection, the Reactor Containment Vessel was tested with the penetrations
capped. The measured leakage rate was 0.02% of the Reactor Containment Vessel’s net free
volume at a nominal internal pressure of 46 psig. The Reactor Containment Vessel was
re-tested with all penetrations installed to assure that the leakage requirements as set forth in
the analysis of Section 14, have been met. Testing is described in Section 5.7.
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Design Loadings

Dcad Loads

Dead loads consist of the dead weight of the Reactor Containment Vessel and its
appurtenances, the weight of internal concrete, and the weight of structural steel and

miscellaneous building items within the Reactor Containment Vessel.

Weights used for dead load calculations are as follows:

+ Concrete: 143 PCF

¢ Steel Reinforcing: 489 PCF using nominal cross-section areas reinforcing
bar sizes as defined in ASTM A 615

+ Steel Containment Vessel: 489 PCF

Design Basis Accident (DBA) Loads

This load was determined by analysis of the transient pressure and temperature effects that
could occur during the Design Basis Accident (see Section 14.3.4).

Operating Loads
Operating loads include the following:

Gravity loads from all equipment and piping,

Weight of water in the refueling cavity,

Weight of crane,

Loads resulting from the restraint of the free movement of the vessel at the line of
embedment in concrete,

+ Piping reactions at nozzles resulting from thermal movement.

> & o o

The analysis of piping reaction forces acting on the steel shell penetration nozzles is based on
the algebraic summation of the loading and movements derived from the analysis of the
containment vessel, interior and exterior structures, and the attached piping systems.

This analysis included:

1. Piping systems under dead load, live load, thermal, and seismic conditions.

2. Containment vessel and interior and exterior structures under dead load, live load,
thermal and seismic conditions.

The analysis considered the interactions between the exterior and interior structures and the
containment vessel and included any reversal of penetration reaction forces that could occur.
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Major piping systems are not anchored to the containment shell, but are allowed to move
freely through the shell penetration. Indirect piping loads on the penetration bellows that are
used to seal these systems at the containment boundary have been included in the
containment vessel penetration analysis and design.

Piping systems that are directly attached to the containment shell (without expansion
bellows) are of small pipe sizes and are of such geometry and design as to be flexible
systems imposing minimal loads on the containment shell.

The moment, shear, and radial thrust structural capabilities of all the vessel shell penetrations
have been analyzed by the Chicago Bridge and Iron Co. and have been provided and
documented in the Containment Vessel Stress Report on file at the site.

The appropriate combinations of loads, moments, shears, and radial thrusts have been applied
to the vessel penetrations in conjunction with the operating load parameters of the piping
system analysis. The resulting stresses were found to be within suitable margins of the
specified design criteria so as to preclude any damage to the steel shell or any anchorage
system.

Equipment loads used were those specified on the drawings supplied by the manufacturers of
the various pieces of equipment. Floor loadings for the design of internal slabs are consistent
with their intended use.

External Pressure Load

During normal operation, annulus pressure will be essentially ambient barometric
pressure. The Reactor Containment Vessel's shell plates are of suitable thickness to meet the
specified internal pressure requirements and are capable of withstanding an external pressure
differential of 0.8 psi in accordance with Section VIII of the ASME Boiler and Pressure
Vessel Code.

Automatic vacuum relief devices are used to prevent the Reactor Containment Vessel from
exceeding the external design pressure in accordance with the requirements of the ASME
Boiler and Pressure Vessel Code, Section III, Article 17.

During and following the Design Basis Accident, the annulus pressure will not exceed 1-inch
water column positive or 5-inches water column negative. These values include results of
analysis examining the effects of a single failure in the Shield Building Ventilation System.

Two valves in series are used in each of two lines to the annulus. One valve is actuated by a
differential pressure signal and is independent of electrical power. The second valve is self-
actuating. The vacuum breaker system is sized to provide air flow into the Reactor
Containment Vessel at a rate to meet the following conditions, assumed to occur
simultaneously without exceeding the maximum internal pressure differential (vacuum) of
0.8 psi below the external pressure:
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a. Atmospheric pressure increasing at a rate equivalent to the maximum recorded by the
nearest weather station,

b. Internal air being cooled at the maximum rate expected with all four fan-coil units and
both internal spray units operating, with cooling water temperatures of 55°F for spray
units and 32°F for fan-coil units;

c. No heat energy entering the containment atmosphere.

The vacuum breaker system has sufficient capability to meet single-failure design criteria,
and is capable of proper functioning during a Design Basis Earthquake.

Seismic Loads
Seismic loads were computed using the following:

a. Operational Basis Earthquake seismic ground acceleration of 0.06g horizontal; (see
Appendix A)

b. Design Basis Earthquake seismic ground acceleration of 0.12g horizontal.

A vertical component of 2/3 of the horizontal ground acceleration is applied simultaneously
with the horizontal acceleration.

The Reactor Containment Vessel earthquake design included the seismic effects of the
inertial mass of the air locks and equipment hatch, and the seismic effects of the air locks
vibrating as an independent system. The independent vibration effects are considered to act
in two directions:

a. Along the longitudinal axis of the air lock
b. Inthe rotational direction about the point of support on the vessel shell.

The seismic effects of the inertial mass of the crane is included in the Reactor Containment
Vessel earthquake design.

The plots of the seismic response spectra are shown in Appendix A. The classification of
plant structures and equipment and the applicable damping factors are shown in Appendix B.

Foundation Deformation Loads

During grouting, while the Vessel was supported on temporary columns, deformations of the
base slab due to the weight of grout were not imposed on the Reactor Containment Vessel.
Deformations of the base slab at this time were accommodated by the manner in which the
grout was placed.
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The bottom internal deck structure that was fitted to the inside contour of the vessel bottom,
the grout base that confines the outside of the vessel bottom, and the heavily reinforced slab
foundation mat formed a stiff integral structural system capable of transmitting all internal
building loads directly into the supporting soil without relative deformation of the system.

Internal Test Pressure

The vessel was designed to be internally pressure tested on temporary supports. The vessel
can also be tested to 46 psig at any time during its service life with the reactor
shutdown. Prior to reactor operation the vessel was tested at an over-pressure of 51.8 psig.

Pipe Reaction and Rupture Forces

Pipe ruptures were postulated in the high pressure portions of all piping systems and the
resulting jet forces considered in the design of the containment vessel and vessel
penetrations.

In the design of the vessel shell, consideration was given to potential hazards from jet
impingement resulting from ruptures of adjacent piping. The force of the jet impinging upon
the vessel was computed as a function of distance from the hypothetical rupture. All high
pressure piping within containment was examined to assure that the selected routings
imposed no potential hazard.

The combination of loading which are to include pipe rupture forces (faulted condition), and
the associated stress limits, are given in Appendix B. The load combinations to be
considered are given in Table B.7-5 and the associated stress limits given for pressure vessels
in Table B.7-2.

Thermal Stresses in Steel Shell Due to Temperature Gradients

The steel shell in the knuckle region was designed for the combined pressure and temperature
gradients present.

Codes
Design Codes

The design, fabrication, inspection, and testing of the Reactor Containment Vessel comply
with the requirements of the ASME Boiler and Pressure Vessel Code, Section 11, Materials;
Section III, Nuclear Vessels, Subsection B, Requirements for Class B Vessels, and applicable
paragraphs of Appendix IX, Nondestructive Examination Methods; Section VIII, Unfired
Pressure Vessels; and Section IX, Welding Qualifications.

The Reactor Containment Vessel design and construction meet all the requirements of state
and local building codes.
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Vessel Classification

The Reactor Containment Vessel is a Class B vessel as defined in the ASME Boiler and
Pressure Vessel Code, Section I, Nuclear Vessels N-132.

Code Stamp

The Reactor Containment Vessel is code-stamped for pressures of both 46 psig and 41.4 psig
in accordance with Paragraph N-1500, ASME Boiler and Pressure Vessel Code, Section III.

Materials

The Reactor Containment Vessel is fabricated of SA 516 Grade 70 steel plate meeting SA
300 requirements except that impact test requirements are as specified in the ASME Boiler
and Pressure Vessel Code, Section III, N-1211 (a) for a minimum service metal temperature
of 30°F.

Charpy V-Notch specimens (ASTM A 370 Type A) used for impact testing materials of all
product forms were in accordance with the requirements of the ASME Boiler and Pressure
Vessel Code, Section III, N-330. All material except austenitic stainless steels or non-ferrous
metal associated with the Reactor Containment Vessel have an NDT temperature of at least
0°F or less when tested in accordance with the appropriate code for the material.

The containment vessel has been specified to have Charpy V-notch temperature requirements
not higher than 0°F. Charpy V-notch test data which demonstrate that the nil-ductility
transition temperature is at least as low as 0°F are to be found in a voluminous record of
impact test data on file at the site.

The Shield Building, as described in Section 5, protects the entire containment vessel from
direct exposure to the outside atmosphere. An analysis of temperature gradients across the
shell itself, the bulk air within the annulus, and the Shield Building (assuming an outside
temperature of -20°F) shows that an internal containment air temperature of 38°F results in a
shell temperature of 30°F. Containment air temperature of 38°F or less is not considered
credible for the following reasons:

a. Containment air temperatures are periodically monitored to verify proper operation of the
containment air cooling system and, if necessary, manual action can be taken to prevent
overcooling.

b. The heat load from internal equipment within containment is approximately 4E+6 Btu/hr,
while the heat loss to the surroundings at -20°F is 4.7E+5 Btu/hr. This suggests that the
containment air could be heated at a rate of 3.8°F/min if the fan coil units are not
removing heat. Thus the operating equipment provides an excellent heat source for
assuring an adequate operating temperature of the containment vessel shell.
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c. The containment purge and ventilation system heaters are designed to supply 75°F air at
a rate of 33,000 CFM. The equivalent net heat input of this system is 1.3E+6 Btu/hr with
respect to the lowest permissible containment air temperature 38°F. Since this heat input
is almost a factor of 3 higher than the heat loss of 4.7E+5 Btu/hr, the containment purge
system heaters are capable of maintaining containment air temperature above 38°F when
the reactor is shutdown, even if the fan coil units are in operation.

d. Normal maximum and minimum daily temperatures at Kewaunee are about 20°F and 0°F
in January. Therefore, the assumption of constant outside temperature at -20°F is
conservative, in spite of a few hours of extreme minimum at -40°F being recorded in
January.

In the event of a LOCA, the initial Eontainment: amblent

it temperature will exceed E°F, as
specified under thﬂequlrements for fhe containment §ysten

For any break, which released the stored energy of the reactor coolant, the air temperatures in
the containment and in the annulus will remain above NDT considerations until long after the
Shield Building Ventilation System is in the full recirculation mode.

Beyond this time, the containment air temperature can readily be maintained above EG°F by
deliberately not overcooling the containment atmosphere with the post-accident heat removal
systems. During eventual containment purge, the purge air heaters can be used if the outside
air requires warming.

Calculations based on -20°F outside air and 32°F cooling water temperatures, heat input only
from the containment, 200 cfm of annulus in-leakage, and a combined convective-radiative
heat transfer coefficient of 1.5 Btu/hr ft? °F yield the following values:

¢ Annulus air temperature 25°F
+ Containment air temperature 50°F
¢+ Minimum penetration temperature 32°F (Fan-coil coolant inlet)

These values assure that the containment shell NDT limit of 0°F will not be approached or
breached.

The lower portion of the shell, which is embedded in concrete, is also afforded significant
protection by the Shield Building.

Of the entire lower shell, the portion in the transition zone between El. 584'-0" and El. 605'-
6", as shown in Figure 5.2-1, is the most critical because of its minimum distance to the
outside surfaces. Analysis indicated that the shell between these two elevations would be at
30°F or higher if the outside temperature is constant at -20°F and the inside temperature
is 34°F or higher. As previously discussed, the inside temperature will always be maintained
above 34°F. Therefore, the containment vessel temperature in this region could never be
below 30°F in normal operation.
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The reactor will not be operated unless the containment vessel air temperature

Code Requirements

The design internal pressure for the Reactor Containment Vessel is as specified in the
provisions of the “Winter 1965 Addenda” to Section 11l of the ASME Boiler and Pressure
Vessel Code.

The design requirements for Class B vessels are contained in Paragraph N-1311 through
N-1314 of the Addenda. Paragraph N-1312 states that the design internal pressure may differ
from the maximum internal pressure but may not be less than 90% of the maximum
containment internal pressure. A maximum internal pressure of 46 psig and a design
pressure of 0.9 x 46.0 = 41.4 psig have been specified.

The Reactor Containment Vessel has been pressure-tested for acceptance of the vessel, air
locks, equipment door and all vessel penetration nozzles in accordance with the rules of
Section VIII, UG-100 and Section III, N-1314(d). The maximum test pressure was 1.25
times the design internal pressure i.e., 1.25 x 41.4 = 51.8 psig.

In-Service Inspection

The basis of the In-Service Inspection Program is ASME Boiler and Pressure Vessel Code,
Section XI, 1992 Edition including 1992 Addenda Subsection IWE, “Requirements for Class
MC and Metallic Liners of Class CC Components of Light-Water Cooled Power Plants”.

Design Stress Criteria

The Reactor Containment Vessel will retain the capability to restrict leakage to the
acceptable specified level under all conditions of loading that might occur during its
lifetime. The vessel is designed to exhibit a general elastic behavior under accident and all
earthquake-loading conditions. No permanent deformations due to primary stresses are
permitted in the design under any conditions of loading.

For the Operational Basis Earthquake, designated as loading Condition 1 in Table 5.2-1, the
Reactor Containment Vessel is capable of continued safe operation during a DBA. For this
loading condition, the structure will function within the normal design limits specified by
Section IIl of the ASME Boiler and Pressure Vessel Code, Figure N-414 and as listed in
Table 5.2-1. Loading Condition 1 provides the design basis upon which the Reactor
Containment Vessel is code-stamped.

For the Design Basis Earthquake, designated as Loading Condition 2, the margin provided in
the design assures the capability to maintain the vessel in a safe operating condition. For this
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loading condition, the basic design was reviewed to insure that the Reactor Containment
Vessel and its components retain their capability to perform their containment function.

Primary stress intensities are conservatively limited to 90% of the yield strength of
SA 516-GR70 carbon steel plate at the accident temperature. The application of this criterion
to Table N-414, ASME Boiler and Pressure Vessel Code, Section III is shown under Loading
Condition 2 of Table 5.2-1.

Earthquake stresses are added linearly and directly to stresses caused by the Design Basis
Accident, dead loads, and the appropriate operating loads to obtain the total stresses. These
total stresses are within the maximum stress limits allowed by the design criteria, listed in
Table 5.2-1.

Prior to the special ruling of ASME Code Case 1392 (Reference 1). The interpretation of the
ASME Code for the design of containment vessels was to treat all vessel configurations and
loading under the design rules of Section III(b) and satisfy the basic stress intensity limits of
paragraphs N-414.1, N-414.2, N-414.3 and N-414.4 of Section III.

The interpretation presently permitted by this code case is to accept the design provisions of
Section VIII in the absence of substantial mechanical or thermal loads other than pressure.

The design rules of Section VIII are satisfied for all configurations and loadings explicitly
treated by Section VIII, using “Sm” [See N-1314(b)] in place of “S” in the various formulas.

The Reactor Containment Vessel in this application is applicable to the requirements of
ASME Code Case 1392. The minimum thickness of the bottom configuration is predicated
on the design rules of Section VIII.

In consideration of the large diameter of the vessel the shell bottom was analyzed by the
“Yale Shell Program” (Reference 2).

Circumferential compressive stresses resulting from internal pressure forces were calculated
and held below the critical buckling stress by a margin of safety compatible with good
pressure vessel design practice.

The design was reviewed to assure that any resulting deflections or distortions would not
prevent the proper functioning of the structure or pieces of equipment and would not
endanger adjacent structures or components. The ASME Boiler and Pressure Vessel Code
provisions, for out-of-roundness tolerance was not considered appropriate for the cylindrical
vessel of the magnitude of the Reactor Containment Vessel. Therefore, it was specified to
have an out-of-roundness tolerance of not greater than one half of the ASME Boiler and
Pressure Vessel Code permissible tolerance, i.e., one-half percent of the normal diameter.

All other applicable tolerances of fabrication and erection as specified in the ASME Boiler
and Pressure Vessel Code were applied to the Reactor Containment Vessel.
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The ellipsoidal bottom of the Reactor Containment Vessel is bonded to and in intimate
contact with the support grout under the vessel bottom. It is noted that those surfaces internal
and external to the vessel that are in contact with concrete will not be readily available for
inspection.

This concept of Reactor Containment Vessel support and internal concrete construction is
recognized by the ASME Boiler and Pressure code and has been approved on numerous
nuclear power plants.

The successful application of this method of support is predicated on the inherent built-in
quality of construction associated with pressure vessels, and the test requirements of
acceptance and code certification.

All weld seams on the bottom are fully radiographed and have been leak tested at 5 psig and
also at the design internal pressure.

Design Review and Analysis

The Reactor Containment Vessel was designed, fabricated, constructed, and stamped in
accordance with the rules of Section III, Subsection B, of the ASME Boiler and Pressure
Vessel Code.

The bottom head of the Reactor Containment Vessel was designed using the formulas of
Section VIII of the ASME Code as allowed by Paragraph N-1314(a)(1), (Summer 1968
Addenda) when substantial mechanical or thermal loads other than pressure are not present.

Temporary stiffeners were added to protect the structure during the overload pressure test
and prevent the possibility of any damage to the vessel during construction. Following the
overload pressure test, the temporary stiffeners on the bottom head were removed by arc air
gouging the metal to within 4" of the vessel plate surface. Then grinding the remaining
metal smooth to the surface of the vessel, to prevent damage to the internal concrete or the
vessel that could result from movements of the vessel. After removal of the stiffeners, the
area was examined using the magnetic particle method.

The Reactor Containment Vessel's concrete fill support under the ellipsoidal bottom was
placed using a concrete placement and grout. The grout is a two component epoxy
polysulfide material containing no solvent and does not shrink. The mixture consists of an
epoxy resin, an organic amine, and a polysulfide. It is chemically inert to the steel and
concrete and therefore will not promote corrosion of these materials. The technique used is
as follows:

a. The concrete fill was placed in a predetermined sequence of pours. The size, location
and timing of placement of the individual pours were all considered in determining the
pattern and sequence of pours.
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b. The placement of low-viscosity chemical grout proceeded in sequence during the above
operation after the concrete grout had completed its cycle of hydration and
shrinkage. The chemical grout was pressure injected through grouting ducts. Injection
continued at each duct until the chemical grout appeared around the periphery of the
pour. This method ensured full bearing under every part of the Reactor Containment
Vessel’s ellipsoidal bottom.

After embedment in concrete, the bottom head is subject to both thermal and pressure loads
not considered by the formulas of Section VIII. A detailed thermal study and stress analysis
was performed to show compliance with the stress intensity limits of N-414.1, N-414.2,
N-414.3 and N-414.4 as required by N-1342(a)(2). This analysis is of the type normally
required for a Class A vessel.

The top of the internal concrete and the interior surface of the steel shell above the floor has
been coated with a nuclear grade coating capable of withstanding a DBA. At the intersection
of the concrete floor and the steel shell, a sealant was provided to prevent moisture from
penetrating the joint.

The exterior concrete and the steel shell have been chemically bonded tight to assure no
penetration of moisture. Above the chemical grout at the “air gap” between the steel shell
and the concrete, the steel surface has been sandblasted, primed and coated with a rust
inhibitive, high temperature paint. The “air gap” was formed with two layers of styrofoam
with all joints staggered and taped and concrete poured against it.

The top of the concrete in the annular space has been provided with sumps and a concrete
curb all around (Figures 5.2-1 and 5.2-2) to collect any moisture.

The space between the concrete curb and the steel shell was caulked with a sealant to assure
that moisture will not penetrate into the air gap.

Reactor Containment Vessel at Embedment Region

In its final configuration, the containment shell knuckle is embedded by the internal concrete
to a point 2 feet-3 inches above the shell tangent line and externally to a point approximately
2 feet-9 inches below the tangent line. A transition zone exists in a region that extends from
the top of the internal concrete to some point on the shell below the temporary
stiffeners. This condition is shown in Figure 5.2-1.

Embedment of the Reactor Containment Vessel knuckle in concrete produces bending
stresses, resulting from thermal and pressure expansion, at the interface between the encased
and non-encased portions of the shell. These bending stresses were minimized by providing
a smooth transition between the part of the shell, which is free to expand and the part, which
is fixed in concrete.
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Figures 5.2-1a and 5.2-1b show the typical arrangement of the reinforcing steel patterns for
the base slab and at the lower portion of the wall. The reinforcement in the discontinuity
zone of the wall with the base is shown in Figure 5.2-1a.

Figures 5.2-1c and 5.2-1d show the typical arrangement of the reinforcing steel pattern for
the dome and the upper portion of the wall. The reinforcement in the discontinuity zone of
the wall with the dome is shown on Figure 5.2-1c.

Figure 5.2-1e shows the typical arrangement of the reinforcing steel pattern at a typical large
opening. In this illustration the opening was provided for an airlock. It is to be noted that
where the general pattern of wall reinforcement has been interrupted by an opening
additional perimeter beam reinforcing has been added.

Since the Shield Building is not subjected to any significant internal pressure, reinforcement
bar anchorage will generally not occur in tension zones.

When the Reactor Containment Vessel is pressurized, in operational configuration, it will
exert a pressure on the internal concrete in the knuckle region as the shell attempts to deform
inward. Also, the vessel will exert a pressure on the concrete outside of the vessel where the
elliptical head is tending to deform outward. These reactions on the concrete are due to the
tendency of the elliptical head to become hemispherical in shape when pressurized.

The analysis of the concrete-steel shell interaction in the embedded zone is basically a
flexibility method of analysis of the concrete-steel structural systems.

The primary objective of the analysis is to determine stresses in the steel shell and the contact
pressures on the concrete from the steel in the embedment region.

Three structures are used in the analysis:

¢+ Internal concrete
+ Steel shell, and
+ External concrete

The model of the ellipsoidal bottom shell structure is divided into carefully selected segments
to best represent the shape of the model.

The restraint of the concrete on the steel shell is modeled using “Analogous Springs” and a
distributed pressure. The “Analogous Springs” are represented by a flexibility model of both
the internal and external concrete supplied by Pioneer Service & Engineering
Company. This model is in the form of load per unit length of circumference per unit of
concrete displacement and is given for various positions on a meridian line of the shell
bottom. The pressures applied at the selected loading points of the shell bottom are equal to
the algebraic sum of the internal pressure plus the reaction pressure of the concrete. The
pressure distribution between loading points specified in the program is assumed to be linear.

Rev. 16
5.2-12 12/01/2000



Continuity and interaction are established by assuring that the deflections are equal at the
points where concrete is in contact with the steel shell. Equations for the internal and
external and contact points are constructed and solved for redundants. A trial and error
procedure is used for the solution since the equations corresponding to the redundants with
negative contact pressure must be eliminated.

A. Kalnins’ method (Reference 2) is used to develop the equations to be used in the
flexibility analysis; i.e., deflections, shears, and loads.

The compatibility of deformations of the structures is amply demonstrated when the solution
of the flexibility model is carried to the point where the deflections of structures in contact
are equal. This has been done and the final internal and external contact pressures of the
concrete on the steel are in equilibrium with the structures as a free body for axisymmetric
loads. There are no non-axisymmetric loads considered acting on the bottom in this analysis.

Concrete and Steel Interface Design

The final stress report demonstrated that the Reactor Containment Vessel, as specified,
analyzed, and designed, meets all applicable requirements of the ASME Code.

As a further verification of the design, a second overpressure test (1.25 times design
pressure), not required by ASME Code, was performed at a pressure of 51.8 psig with the
temporary vessel stiffeners removed and the internal concrete support system in place, but
before fuel was loaded. The maximum pressure was maintained only long enough to verify
the pressure level.

Non-Axisymmetric Loading Due to Concrete Shiclding at Fuel Transfer Tube

An area 43.5 ft high and about 24 ft wide on the inside of the containment vessel is covered
by interior concrete walls. This area will be referred to as the “cold spot”.

The design basis for the steel containment vessel is that after a LOCA the internal pressure
will peak at 46 psi at about 10 seconds, and the internal temperature will peak at 268°F, also
at about 10 seconds. After that, both pressure and internal temperature will decline (see
Section 14.3.4).

During the first 10 seconds after a LOCA the temperature of the inner surface of the
containment vessel shell rises from 120°F to 155°F, and the outer surface rises from 120°F
to 129°F. Thereafter, the shell temperature continues to rise to 165°F at the inner surface
and 155°F at the outer surface. This increase does not occur in the portion of the shell
protected by the internal concrete thus producing the “cold spot” which results in additional
stresses in the steel shell. These stresses are classified as Thermal Stresses.

The area behind the “cold spot” is assumed not to be subject to the 46-psi internal
pressure. Thus, the pressure around the circumference of the steel shell is unbalanced giving
rise to local pressure stresses.
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Kalnins’ Static Shell Program was used to determine the effects of the missing temperature
rise and the missing pressure increase at the “cold spot”. For each investigation, 21 Fourier
harmonics were combined to represent the sudden changes at the edges of the “cold spot”.

Additional stresses due to missing temperature at the “cold spot”, after 10 seconds, were
obtained and are given in Table 5.2-7.

The circumferential stresses are the maximum stresses at the three elevations listed in the
table.

In determining the effect of the missing pressure, cognizance was taken of the fact that the
increase in pressure and temperature of the steel shell after a LOCA would cause an increase
in diameter. This would result in a theoretical finite gap between the steel shell and the
exterior face of the concrete walls. However, the unbalance in forces around the
circumference of the shell, due to the missing pressure against the portion of the shell
protected by the concrete wall, would cause the steel shell to press against the concrete and
thus prevent the gap from opening. At the maximum internal pressure of 46 psi, a pressure
differential of 3 psi is required to close the gap. Thus, the steel shell will then press against
the concrete with a pressure of 43 psi. The additional stresses in the steel shell were
calculated on this basis and are given in Table 5.2-8.

The additional stresses given in the table must be added to the stresses, which would exist if
no “cold spot” were present. These stresses are summarized in Table 5.2-9.

The total, combined stresses in the containment vessel steel shell due to the presence of the
“cold spot” are summarized in Table 5.2-10. These stresses occur 10 seconds after the start
of LOCA. The stress intensity for each loading condition is also shown in this table. The
stress intensity is calculated in accordance with Paragraph N-413 of Section III of the ASME
Boiler and Pressure Vessel Code (1968 Edition).

The allowable stresses in the containment vessel steel shell were established by the criteria
listed in Table 5.2-1. For the Operating Basis Earthquake condition, this table refers to
Figure N-414 of Section III of the ASME Boiler and Pressure Vessel Code (1968
Edition). The limits of stress intensities in Figure N-414 are based upon the allowable stress
intensity S(m). For Class B vessels, this allowable stress intensity is obtained from Section
VIII of the ASME Code, and is 17,500 psi for A-516 Grade 70 steel. This allowable stress
intensity is applicable to general membrane stress intensities when local membrane and
bending stresses are not present. When the latter stresses are present, the allowable stress
intensity is increased to 1.5S(m) or 26,250 psi. When secondary stresses due to differential
thermal expansion are included, the allowable stress intensity is increased to 3.0S(m) or
52,500 psi.

Allowable stress criteria for the Design Basis Earthquake are given in Table 5.2-1 under
loading condition 2. The allowable stress intensities computed in accordance with these
criteria are:
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¢ General membrane = 1.16(Sp,) = 20,300 psi
¢ General membrane plus bending = 1.6 x (1.5Sp,) = 30,450 psi
¢ All stresses including = 3S,, = 52,500 psi secondary stresses

The OBE and DBE dynamic vertical and horizontal seismic loads and overturning moments
of the containment vessel are transmitted into the concrete foundation and sub-foundation
through the combined action of friction and bearing on the shell bottom.

The lateral and vertical loads caused by earthquake are of such a minimal nature that the
friction is neglected to simplify the analysis and a simplified but conservative approximation
of the reaction bearing load is considered.

The seismic overturning moment of the containment vessel will produce vertical reaction
pressures on the shell bottom. The horizontal seismic forces will produce lateral pressure
reactions on the shell bottom. Since the forces are minimal, a conservative, simplified mode
of lateral load transfer and analysis of steel and concrete is made.

First, the load analysis consists of using John A. Blume’s modal analysis seismic acceleration
curves for the containment vessel. The calculation of the vessel shear, membrane and surface
stresses is by the application of the Kalnins® program to shells. The most critical area of
stress in the steel shell under these conditions occurs in the discontinuity zone at the line of
the external embedment in the concrete. The calculated stresses and allowable stresses at this
line are given in Table 5.2-9a. The allowable stresses are based on the criteria of
Table 5.2-1.

Next, the total lateral seismic load of the containment vessel is conservatively assumed to be
carried by tangential shear above the embedment line into the vessel plates whose planes are
most nearly oriented in the direction of the seismic loads. These loads will then be carried by
membrane action into a hoop band of limited width at or near the mezzanine floor line as an
integral internal member. This lateral load is thereby transferred to the diametrically
opposite surface of the internal concrete member. The load is then transferred through the
shell plate onto an expanded area of the external concrete foundation.

To further simplify the analysis, this band is conservatively assumed to be 20 in. wide and
the resulting stresses and allowable stress criteria are shown in Table 5.2-9b.

The allowable stress intensities are also shown in Table 5.2-10.

It can be determined from an examination of Table 5.2-10 that the presence of the “cold
spot” does not result in any case in which actual stress intensity exceeds the allowable stress
intensity.

After the first ten seconds following a LOCA, the internal pressure drops and the temperature
differential between the two surfaces of the steel shell also declines, but the average
temperature of the shell increases another 18°F to 160°F. The change in stresses due to the
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first two effects is greater than that caused by the third effect. The net result is a decline in
total stresses after about ten seconds.

It has previously been pointed out that at ten seconds after a LOCA, the steel shell exerts a
43-psi pressure against the outer surface of the concrete wall. At the same time there is an
internal pressure of 46-psi against the inner surface of the concrete wall. The 3-psi pressure
differential must be carried by the concrete wall.

During the first ten seconds following a LOCA the pressures do not increase linearly, so the
pressure differential could, briefly, exceed 3-psi during this interval. For instance, at one
second the interior pressure is 12 psi. This 12-psi pressure was used to calculate stresses in
the concrete wall on the conservative assumption that the steel shell had not had time to react
and press against the concrete.

STRESS computer program was used to calculate moments and shears, and Pioneer Service
& Engineering Co. Program S-020 was used to determine the required reinforcing steel. The
amount of reinforcing steel thus determined did not exceed 35% of the steel required by other
loading conditions. Thus, the internal concrete structure will not be overstressed by the loads
caused by the presence of the “cold spot”.

In conclusion, it has been demonstrated that all stress combinations, which include those
computed on the basis of non-axisymmetric loading at the “cold spot” meet the criteria for
allowable stress for the steel containment vessel and the interior concrete construction.

Testing of the Reactor Containment Vessel on Temporary Supports

The vessel was erected on a temporary support system. To fulfill the requirements of the
ASME Code and provide a basis for acceptance of the vessel, the acceptance overpressure
test was made while the vessel was supported on the temporary support system. To provide
additional safety margin for those engaged in the erection and testing of the vessel, internal
stiffeners were provided as a precautionary measure.

The temporary internal stiffeners of four flat bars that were attached by fillet welds
to the inside surface of the shell in the knuckle area. These bars are circumferential rings
spaced about two feet apart. The stiffener bars are shown in Figure 5.2-1. These stiffener
bars were installed to provide lateral stability of the knuckle plate during pressure testing.

This was necessary because the knuckle plate is subject to circumferential compression stress
when it is pressurized for testing. After the vessel was acceptance-tested, the temporary
stiffeners were removed and the required lateral support was provided by internal concrete
structures.

The vessel was temporarily supported on fifteen laterally-braced pipe columns shaped to the
contour of the vessel. The columns were welded to the shell plate immediately below the
tangent line at the knuckle and also to the horizontal web of an external horizontal tee
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member. This horizontal tee ring-girder developed the lateral stiffness of the temporary
bracing. These temporary supports are shown in Figure 5.2-2.

The temporary structure supported the weight of the vessel (2300 tons) and specified
construction loads. In addition, it resisted lateral loads, such as wind, which were imposed
during construction. The vessel loads were then transferred to the grout support. The
temporary legs, bracing, and external tee member have been removed by cutting to within %"
of the vessel face and then ground smooth.

Wind Analysis

The Reactor Containment Vessel and penetrations associated with Primary Containment are
completely enclosed by the Shield Building and are therefore not directly subjected to the
forces and effects of wind and tornadoes.

Seismic Analysis

The seismic analysis of the Containment System, critical appurtenances, structures, and
equipment were based on the ground response acceleration spectra, the building response
spectra (Reference 3) and the floor response acceleration spectra (Reference 4). For details
see Appendix B.

Building Response Spectra

Building response spectral analyses (Reference 3) were performed, based on Operational
Basis Earthquake (0.06g) and Design Basis Earthquake (0.12g). The analyses developed
values for maximum translational accelerations, displacements, shears and moments and
maximum torsional accelerations, moments and rotations of the building structures.

The mathematical model considered the three major structures (Reactor, Auxiliary and
Turbine Building) in a combined idealized three-dimensional model with 63° of freedom-
translation for symmetrical elements, and both translation and torsional rotation for
unsymmetrical and irregular elements.

Floor Response Acceleration

The floor response acceleration spectral analyses (Reference 4) are based on the Operational
Basis Earthquake (0.06g) and the Design Basis Earthquake (0.12g). The analyses developed
the generated acceleration time-history response spectra at mass points designated for the
seismic analysis of critical equipment and piping located throughout the structural
complex. The mathematical model utilized for this analysis is the same one used for the
building response spectra analysis.
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Airlock Secismic Analysis

The specification for the Reactor Containment Vessel requires that the Earthquake design
include the effects of the airlocks vibrating as an independent system. The Reactor
Containment Vessel contractor, Chicago Bridge & Iron Co., (CB&I) developed an analysis
of the airlock system under their seismic consultant, John A. Blume & Associates. The
calculations were performed according to this method, and the results show that the stresses
in the airlocks do not exceed the allowable stresses given in Table 5.2-1.

In this method of analysis, the horizontal earthquake is assumed to act in one of two
directions as shown below. Case I will result in seismic forces and moments from the airlock
being applied to the Containment Vessel in the circumferential direction. Case II will result
in a radial thrust being applied to the Containment Vessel.

Dynamic Constants for Airlocks
Since the airlocks are completely separated from the concrete Shield Building and adjacent
concrete structures by an air space, there will be no interaction between airlock structures and

concrete structures.

Case I - Vertical and Circumferential Directions

The spring constant for the seismic analysis of airlocks in the circumferential direction of the
vessel shell is evaluated by applying a unit moment (1,000 in-lbs) at the shell and
determining the rotation (8) at the shell-to-nozzle junction (Reference 5):

K= M Where: K = Spring constant shell
q
o)
W= iﬂjg}g W = Angular frequency of lock

1=Moment of inertia of lock about point of support on shell

T = Fundamental period of lock
M = Unit moment at shell
6 = Rotation at shell to nozzle junction

Case Il - Radial Direction

In a similar manner the spring constant in the radial direction of the vessel shell is determined
by applying a unit thrust (1,000 Ibs) at the shell and determining the deflections (w) at the
shell-to-nozzle junction (Reference 6):
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K=— Where: W = Weight of lock plus insert
w
g = 386.4 (in/sec?)

zw b
T=2p WT 2 P = Unit load

x

Kgo
w = Deflection at shell to nozzle junction

Seismic Forces on Airlocks

The vibrational driving force on the airlocks was determined from accelerations derived from
the response acceleration spectra prepared by the seismic consultants, John A. Blume &
Associates (Reference 4). Using the fundamental period of the airlock (T) and 1% damping
(as recommended by John A. Blume & Associates), the acceleration in percent of gravity is
obtained. The airlock dead loads were then multiplied by this acceleration to obtain the
seismic forces acting on the airlock.

The applicable ASME Section III allowable stress intensities for stresses due to pressure and

applied loads at the containment vessel shell to airlock nozzle junction were calculated as
follows:

For Operating Basis Earthquake (OBE)

"¢ Membrane Stress: PL = (1.5) (17500) = 26250 psi
+ Surface Stress:  PL + Q= (3) (17500) = 52500 psi

For Design Basis Earthquake (DBE)

¢ Membrane Stress: PL = (1.16) (1.5) (17500) = 30450 psi
PL +Q = (3) (17500) = 52500 psi

Seismic Stresses

Stresses in the shell due to the airlocks vibrating as an independent system from a horizontal
and vertical earthquake were determined by the use of Welding Research Council Bulletin
107 and Chicago Bridge and Iron Computer Program 6-20N,

Stresses were limited to the allowable stress criteria as set forth in Table 5.2-1.

A horizontal earthquake acting perpendicular to the airlock (Case 1) will result in a

circumferential shear and moment being applied to the shell. An earthquake acting parallel
to the airlock (Case II) will subject the shell to a radial thrust.
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Stresses were checked at three locations: at t}lle neck-to-insert-plate junction, at the insert-to-
shell junction, and at a distance of 0.5(Rt)” from any local stress area. (R = radius of
curvature and t = thickness).

Stresses in the reinforcing insert-plate and in the shell due to the applied earthquake loads
were calculated. Pressure stresses were added directly to the earthquake stresses, and an
equivalent stress intensity was calculated (per maximum shear theory) compared to allowable
values in Table 5.2-1.

The designs are based on the Operational Basis Earthquake and are reviewed for the case of
Design Basis Earthquake to assure that the stress limits for this loading are not exceeded.

A summary of the membrane and surface stresses at the connecting weld of the containment
vessel shell plate to the airlock barrel nozzle plate for the two earthquake loading conditions
is given in Table 5.2-6.

Vertical Earthquake

A vertical earthquake acceleration applied to the Vessel and airlocks was assumed to act
simultaneously with the horizontal earthquake.

Soil - Structure Interaction

The problem of soil-structure interaction was accounted for by introducing rotational and
translational springs in the model used for seismic analysis. The rotational springs account
for the deformation of the soil under the building, i.e., rocking, and the translational springs
account for frictional resistance of the soil on the bottom and sides of the building, as well as
soil bearing against the sides of the building. The stiffness of these springs was determined
by using elastic finite element method of analysis and checked using equations developed for
the case of rigid plate on a semi-infinite elastic half space.

Foundation Damping Factor

The following recommendation on damping factor to be employed for the foundation
materials was made by Dr. Ralph B, Peck:

“Damping values for the rocking mode have not been well established for clay
soils. Although some laboratory information is available, it seems preferable to use values
(expressed as percent of critical damping) that have been back calculated from prototype
installations, such as machine bases. Values from 5.1 to 7.1% were determined for a soft clay
on this basis by D. D. Barkan (Reference 7) “Dynamics of Bases and Foundations”.
McGraw-Hill Book Company, New York, p. 126 (1962). The data quoted in Whitman
(Reference 8) and Richart “Design Procedures for Dynamically Loaded Foundations”,
ASCE, Journ. Soil Mechanics and Foundations Division, Vol. 93, No. SM6, Nov. 1967
pg.178, which refer to Barkan’s text, p. 67, are based on laboratory tests and may be in
error.”
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“The damping factor can be expected to be smaller for a stiff clay than for a soft clay. On the
other hand, the presence of granular material with an average thickness on the order of 10 ft
between the clay and the bedrock at the Kewaunee site will introduce considerably more
damping than would the presence of an equivalent amount of stiff clay. For this reason, the
damping factor would be greater than for clay alone. I would recommend, therefore, the use
of a factor of 4% for the design earthquake and 6% for the maximum earthquake. The
increase is permissible because the deformations associated with the greater earthquake
would involve greater strains and loss of energy”.

Dr. Peck’s recommendation was the subject of discussion between John A. Blume &
Associates (Seismic Design Consultants), Pioneer Service & Engineering Co., and Dr.
Peck. As a result of these discussions it was agreed that 5% damping factor would be used
for both Operational Basis Earthquake and Design Basis Earthquake. For further details refer
to Appendix E.

Penetrations
Design Basis

To maintain designed containment integrity, containment penetrations have the following
design characteristics:

a. They are capable of withstanding the maximum internal pressure, which could occur due
to the postulated rupture of any pipe inside the Reactor Containment Vessel.

b. They are capable of withstanding the jet forces associated with the flow from a postulated
rupture of the pipe in the penetration or adjacent to it, while still maintaining the integrity
of containment.

c. They are capable of accommodating the thermal and mechanical stresses, which may be
encountered during all modes of operation and test.

d. Materials of piping penetrations furnished as a part of the Reactor Containment Vessel
are either ASME SA-333 GR. 6 or ASME SA-312 TP. 304. All hot penetrations are
fabricated of ASME SA-333 GR. 6. The cold penetrations are fabricated of either of the
foregoing materials, but in all cases are compatible with the material of the process line,
which is to be welded directly to the penetration nozzle.

e. The materials for penetrations, including the personnel access airlocks and the equipment
access hatch, conform to the requirements of the ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Vessels, Code Case 1392, Rev 0. The process and guard pipes
and flued heads were designed, specified and fabricated in accordance with the Code for
Pressure Piping, USASI B31.1.0-1967, N-7, and ASME Boiler and Pressure Vessel Code
Section 111, 1968, Class B, Code cases 1177, 1330, and 1425,
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Charpy V-notch tests were performed on the material used for construction of the carbon
steel flued heads and penetrations. The test temperature was 0°F with break values based on
three material samples from each penetration or flued head. All test data showed that the
samples had greater than 20 fi-lbs energy capability. The description of the tests and data are
filed at the Kewaunee site.

Electrical Penetrations

The electrical penetration assemblies are designed for field installation by welding to the
inside end of the nozzle type penetration passing through the Reactor Containment Vessel
wall. Each penetration assembly is provided with a single connection to allow pressure
testing for leaks. All components of the penetration assemblies are designed to withstand,
without damage or interruption of operations, the forces resulting from an earthquake, in
addition to the normal and accident design requirements. .

All materials used in the design are selected for their resistance to the environment existing
under normal operation and the DBA.

Figure 5.2-3 shows the D.G. O’Brien penetration configuration for the following types of
electrical penetrations provided in the design:

¢ Typel  Medium Voltage Power (MVP) - 5000 Volt Insulation for use on 4160 volt
Resistance Grounded System - 4 provided

¢ Typell Low Voltage Power (LVP) - 600 volt msulatlon for use on 480V grounded
system - 18 provided

¢ Typelll Instrument & Control (1&C) - 600 volt insulation - 22 provided

¢ TypelV Control Rod Drive Power (CRDP) - 1000 volt insulation for use on 140V DC-
5 provided

¢ TypeV  Nuclear Instrumentation Systems (NIS) Triax Cables - 4 provided.

¢ Type VI Radiation Monitor Cables (RM) - 1 provided

The electrical penetrations entering the Reactor Building are subdivided into six basic groups
having twelve penetration nozzles in each group. Electrical penetration assemblies are
installed in the penetration nozzles. Spare penetration nozzles in each group are sealed with
a welded cap. Instrument and control leads are segregated from power leads by placement
into different electrical penetration assemblies. The circuit arrangements are as follows:

¢ Group A Normal power and Train “B” power

¢ GroupB Normal power and Train “B” power, control and instrumentation, and
“White” Reactor Protection Channel

¢ GroupC Normal instrumentation, Train “B” instrumentation, and “Blue” Reactor
Protection Channel.

¢ GroupD Normal instrumentation, Train “A” instrumentation, and “Red” Reactor
Protection channel.
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¢ Group E Normal control, Train “A” control and instrumentation, and “Yellow” Reactor
Protection channel.
¢ GroupF Normal power and Train “A” power.

In addition to the above, there are penetrations into the two airlocks which are used for door
position signal circuits, internal airlock lighting and communication circuits.

The approximate sequence of testing and tests performed on both prototype and production
DG O’Brien penetrations are listed in Table 5.2-1a. Detailed descriptions of the
manufacturer’s test procedures are contained in D.G. O’Brien, Inc. Test Procedure
Manual. The test data for all the tests performed are filed at the Kewaunee Reactor
site. Since the specifications are different for each application, it is not possible to
- summarize the data into a concise form.

Leak Tests were performed on the D.G. O’Brien penetrations using helium leak-detection
procedures. The tests were performed at a temperature of 270°F with a helium differential
pressure of 52 psig. Maximum allowable leak rate was E-6 cc per second. Leak tests were
performed at least twice during the sequence of tests on prototype models and once on each
production unit. The leak rates measured were all less than the allowable leak rate
(E-6 cc/sec).

Two Conax electrical penetration assemblies were installed to provide additional
instrumentation and low voltage power circuits required for the RVLIS and Appendix R
modifications. The Conax penetration assemblies, designed and tested in accordance with
IEEE Standard 317-1976 as modified by Reg. Guide 1.63-1978; will withstand, without
damage or interruption of operations, the forces resulting from an earthquake, in addition to
the normal and accident design requirements. The Conax penetration assemblies are
designed for field installation by welding to the inside end of a spare nozzle type penetration
passing through the reactor containment vessel wall. Each Conax penetration assembly is
provided with a single connection to allow pressure testing for leaks. The Conax low voltage
instrumentation assembly is installed in Group C. The Conax low voltage power and control
assembly is installed in Group F.

Piping Penetrations

All penetrations listed in Table 5.2-2, except the vacuum breakers, penetrate the Shield
Building as well as the Reactor Containment Vessel. Both the Reactor Containment Vessel
and Shield Building are provided with capped spare penetrations for possible future
requirements.

General Design Description

All process lines traverse the boundary between the inside of the Reactor Containment
Vessel and the outside of the Shield Building by means of piping penetration assemblies
made up of several elements. Two general types of piping penetration assemblies are
provided; i.e., those that are not required to accommodate thermal movement (designated as
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cold penetrations in Figure 5.2-4) and those which accommodate thermal movement (hot
penetrations depicted in Figures 5.2-5 and 5.2-5a). All piping penetration assemblies are
listed in Table 5.2-2.

Both hot and cold piping penetration assemblies consist of a containment penetration nozzle,
a process pipe, a Shield Building penetration sleeve and a Shield Building flexible seal. In
the case of a cold penetration, the Containment Vessel penetration nozzle is an integral part
of the process pipe. For hot penetrations, a multiple-flued head becomes an integral part of
the process pipe, and is used to attach a guard pipe and an expansion joint bellows. The
expansion joint bellows is welded to the Reactor Containment Vessel penetration
nozzle. The flued head fitting is the only part of the penetration assembly, which comes into
contact with the Shield Building at any time.

At the termination of a piping penetration assembly near the Shield Building, a low-pressure
leakage barrier, is provided in the form of a Shield Building flexible seal as shown in
Figures 5.2-4, 5.2-5 and 5.2-7. These devices provide a flexible membrane type closure
between the Shield Building penetration sleeve, which is embedded in the Shield Building,
and the process pipe. In the case of hot penetrations 8 and 11, a circular plate is being used
rather than a flexible seal as shown in Figure 5.2-5a. This plate will serve as both an anchor
and a Shield Building seal.

Design Basis Common to Hot and Cold Piping Penetrations

All Containment Vessel penetration nozzles are designed to meet the requirements for
Class B vessels under Section III of ASME Boiler and Pressure Vessel Code. In compliance
with the code, the operating stresses in a containment vessel penetration nozzle caused by the
attached penetration assembly are limited to the allowable values given in the code. For
earthquake analysis, Section III of the ASME code permits the use of 1.5 times the allowable
stress value for the material being used.

The double-bellows expansion joints in the hot-pipe penetration assemblies and the Shield
Building flexible seals for all pipes are designed to accommodate the maximum combination
of vertical, radial, and horizontal differential movements of the Reactor Containment Vessel,
the Shield Building, and the piping. The design considers the calculated displacements
resulting from earthquake, pressure, and temperature, as presented in Figure 5.2-6, and also
accounts for the actual measured displacement of representative penetration nozzles made
during the initial pressure testing of the Containment Vessel.

Design Evaluation Common to Hot and Cold Piping Penetrations

Seismic loads on Containment Vessel penetration nozzles were determined by performing a
dynamic model analysis of the piping systems. Response spectra at the piping system anchor
points were used in this analysis. These response spectra were developed from the results of
a dynamic time-history seismic analysis of the plant structures. Differential movement
between points in the various structures have been included in the analysis of the piping.
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The validity of the computer program used to perform the piping system seismic analysis was
proven by comparison with an independent analysis of selected systems performed by
recognized consultants.

Loads on Containment Vessel penetration nozzles due to thermal expansion of the pipe,
thermal and pressure movements of the Reactor Containment Vessel, and piping system
weight were determined by a flexibility analysis of the piping system. This analysis was
performed with the aid of a computer program using established methods documented in
current technical literature. The piping configuration and supports, restraints, or anchors on
each side of the penetrations were designed to limit the stresses in the Containment Vessel at
the penetration nozzle to the criteria defined in Appendix B.

Design Description - Hot Penetrations

A hot piping penetration assembly is used when the differential between the normal
operating temperature of the fluid carried by a process line and the Reactor Containment
Vessel wall temperature would create unacceptable thermal or cyclic stress at the attachment
of the vessel penetration nozzle.

In addition to the elements contained in a cold pi mg penetratlons assembly, as shown in
Figure 5.2-4, a hot assembly has a multiple-flued heéad, a guard pipe, an expansnon bellows
and an lmm ement rmg The multlle-ﬂued head is mac_:hmed from a solld for m ‘E{E

thetflued h ;%ength the guard -
ent:V essel penetration nozzle essel

The only interaction between the hot penetration assemblies and the Shield Building is
through the multiple-flued head. This interaction takes place in one of two ways and is
described as follows:

1. For the main steam, feedwater and residual heat removal penetrations, the multiple-flued
head passes through a sleeve in the Shield Building as shown in Figures 5.2-5 and
5.2-7. The sleeve acts as a horizontal and vertical guide, which allows rotational and
axial movements. The piping system and hence the flued head is allowed to rotate or
move axially within the Shield Building sleeve but is restrained by the sleeve from
moving in any direction perpendicular to the axis of the process line for all seismic,
temperature, weight and jet loads. There are no pressure loads that have any effect on the
flued head - Shield Building interaction for these assemblies other than the vertical and
transverse movements of the containment vessel due to internal vessel pressure. The
loads due to this movement are small, being a function of the transverse spring constant
of the penetration expansion bellows, and have been considered in the design of the
process line, the multiple flued head and the Shield Building sleeve.
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2. For the steam generator blowdown and letdown line penetrations the multiple-flued head
is anchored to a sleeve in the Shield Building as shown in Figure 5.2-5A. All movement
of the flued head and consequently the process line is restrained at this point. The design
of this anchor and the process line considered all loads due to seismic, weight,
temperature, pressure and pipe rupture jet effects of both the piping system and the
structures.

The expansion joint bellows is attached at one end to the outer flue of the flued head and at
the other end to the Reactor Containment Vessel nozzle. The expansion joint is provided
with a double-layered bellows that has a connection between bellows for integrity
testing. An impingement ring is mounted on the guard pipe to protect the expansion joint
bellows from jet forces that might result from a pipe rupture inside containment.

The multiple-flued head with its associated guard pipe and expansion joint bellows provides
a leak-tight seal for the extension of the containment boundary where the hot penetration
assembly traverses the Shield Building annulus.

Design Basis - Hot Penctrations
Hot piping penetration assemblies are provided to:

a. Prevent unacceptable thermal and cyclic stress on Reactor Containment Vessel
penetration nozzles,

b. Accommodate thermal movement, and

c. Protect containment from the effects of a hot process pipe rupture in the annulus between
the Shield Building and the Reactor Containment Vessel.

Where hot penetration assemblies traverse the Shield Building annulus, they are designed to
provide considerable margin between code allowable stress values and maximum calculated
stresses in the pipe. This was accomplished by using 1.5 times the system design pressure to
calculate the pipe wall thickness for the process and guard pipe, using the formula and
allowable stresses given in USASI-B 31.1.0-1967. Under the normal B31.1.0 code practice,
the system design pressure alone is adequate for calculating the pipe wall thickness. The
same procedure was used to set the thickness of the guard pipe and the multiple-flued head.

Design Evaluation - Hot Penetrations

Stresses resulting from the combination of loads defined in Appendix B, Paragraph 7.2 were
calculated for a typical process pipe in a hot piping penetration assembly using the cross
sectional area of the pipe wall thickness as required to meet 1.5 times system design
pressure. Comparison of calculated stress values with code allowable stresses shows:

¢ Thermal stresses are less than 50% of allowable;
¢+ Combined longitudinal stresses are less than 50% of allowable;
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+ Hoop stresses are less than 60% of allowable.

The design criterion applied to the hot penetration guard pipes is defined in Table B.7-3 of
APPENDIX B and is the same as that applied to all Class I piping. The allowable stress
values and stress analysis results for normal, upset and faulted loading conditions for the
main steam and feedwater guard pipes are shown in Table 5.2.12. The values listed represent
the peak values that will occur at any given location in the guard pipe. This table shows that
calculated guard pipe stress levels are well within those allowed by the criteria given in
Table B.7-3 for all loading conditions. The main steam and feedwater penetrations were
selected for this study because their failure would have the most severe consequences in the
Shield Building annulus. A review of the design of the other hot penetration guard pipes
indicates that calculated stress levels for these guard pipes would be of the same order of
magnitude as for the main steam and feedwater guard pipes and well within allowable values.

Main Steam Piping Penetrations

The main steam piping penetration assembly, shown in Figure 5.2-7, uses the same elements
as a hot piping penetration assembly. In addition, the main steam piping is anchored to the
interior concrete of the Reactor Containment Vessel.

A limit stop designed to control lateral movement but permit axial movement is provided
around the main steam piping inside containment. This limit stop serves to limit pipe
movement in the event of a longitudinal pipe break, thus serving to control pipe whip inside
containment. The multiple-flued head is also designed to transfer lateral loads that could
result in the event of a main steam piping rupture exterior to the Shield Building, to a
specially designed structural arrangement in the Shield Building. A lateral axial limit stop

similar to the one provided inside containment is also provided exterior to the Shield
Building.

Design Basis - Main Steam Piping Penetrations

The main steam piping between the anchor inside containment and the first isolation valve
outside of the containment has a wall thickness selected by using 1.5 times the system
pressure and normal code allowable stress values. The main steam piping anchor inside
containment is designed to sustain the full force resulting from a 360" circumferential break
of the main steam piping. The other requirements previously discussed for a hot piping
penetration assembly are also met.

Equipment and Personnel Access

The equipment hatch and air locks are supported entirely by the Reactor Containment Vessel
and will not be connected either directly or indirectly to any other structure.

The equipment hatch and air lock was fabricated from welded steel and furnished with a
double-gasketed flange and bolted dished door. Provision is made to pressure-test the space
between the double gaskets of its flange.
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Two personnel air locks are provided. Each personnel air lock is a double-door welded steel
assembly. Quick-acting type equalizing valves are provided to equalize pressure in the air
lock when entering or leaving the Reactor Containment Vessel. Provision is made to
pressure test the air locks for periodic leak-rate tests.

The two doors in each personnel air lock are interlocked to prevent both from being opened
simultaneously and to ensure that one door is completely closed before the other door can be
opened. Remote indicating lights and annunciators in the control room indicate the door
operational status. Provision is made to permit by-passing the door interlocking system with
a special tool, to allow doors to be left open during plant cold shutdown. Each door lock
hinge can be adjusted to assist proper seating. A lighting and communication system, which
can be operated from an external emergency supply is provided within each air lock.

Fuel Transfer Penetration

The fuel transfer penetration provided is for fuel movement between the reactor refueling
cavity in the Reactor Containment Vessel and the spent fuel pool. This penetration consists
of a 20-inch stainless steel pipe installed inside a 24-inch pipe. The inner pipe acts as the
transfer tube and is fitted with a testable double-gasketed blind flange in the reactor refueling
cavity, which provides containment integrity. A standard, normally closed gate valve in the
spent fuel pool canal is also provided to isolate the refueling cavity from the spent fuel
pool. This arrangement prevents leakage through the transfer tube in the event of an
accident. The outer pipe is welded to the Reactor Containment Vessel. Bellows expansion
joints are provided between the two pipes to compensate for any differential movement.

Containment Supply and Exhaust Purge Duct Penctrations

The ventilation system purge duct and make-up duct penetrations are welded directly to the
penetration nozzles in a manner similar to the cold piping penetration. The ducts are circular
in section and designed to withstand the Reactor Containment Vessel maximum internal
pressure. They are provided with isolation valves as described in Section 5.3.

Missile Protection Features

High-pressure Reactor Coolant System equipment, which could be the source of missiles is
suitably protected either by the concrete wall enclosing the reactor coolant loops or by the
concrete operating floor to block any passage of missiles to the containment walls. The
steam drum, which forms an integral part of the steam generator, represents a mass of steel
which provides protection from missiles originating in the section of the containment within
the shield wall and below the operating floor. A concrete structure is provided over the
RCCA drive mechanisms to block any missiles generated from a hypothetical fracture of a
RCCA housing.
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The missile shield structures inside Containment were analyzed using the conservation of
momentum method. The penetration depth was calculated by the Ballistic Research
Laboratories Formula for steel and concrete.

Missile protection is designed to the following criteria:

a. The Reactor Containment Vessel is protected from loss of function due to damage by
such missiles as might be generated in a loss-of-coolant accident for break sizes up to and
including the double-ended severance of a main coolant pipe (DBA);

b. The Engineered Safety Features Systems and components required to maintain
containment integrity are protected against loss of function due to damage by missiles.

During the detailed plant design, the missile protection concept necessary to meet these
criteria was developed. These concepts are:

a. Components of the Reactor Coolant System are examined to identify and to classify
missiles according to size, shape and kinetic energy for purposes of analyzing their
effects. '

b. Missile velocities are calculated considering both fluid and mechanical driving forces,
which could act during missile generation.

c. The structural design of the missile shielding takes into account both static and impact
loads.

d. The Reactor Coolant System is surrounded by reinforced concrete and steel structures
designed to withstand the forces associated with double-ended rupture of a main coolant
pipe, and designed to stop these missiles.

The types of missiles for which protection is provided are:

Valve Stems

Valve bonnets

Instrument thimbles

Various types and sizes of nuts and bolts

Complete RCCA drive mechanisms, or parts thereof
Piece of pipe

Pressurizer valves, instrumentation thimbles and heaters
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Removable slabs, blocks and partitions were evaluated to determine whether or not they
could become possible missiles. These items were reviewed to assure that the functions of
safety related structures and equipment will not be affected during an OBE or tornado.

Removable slabs or plates, which were found to be potential missiles are anchored to Class I
structures by means of bolts and anchor bolts. Concrete inserts and bolts provided for
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removing the slabs, are designed with lifting capacities equal to two times their normal
design stress capabilities.

Concrete block walls and partitions which are adjacent to Class I (seismic) equipment or
form the boundary of zone “SV” are designed under Class I seismic requirements, reinforced
and anchored to Class I structures. Recommended construction practices of the Uniform
Building Code were used as a minimum requirement.

The Reactor Building crane is also regarded as a potential earthquake-produced missile. The
Reactor Building crane was analyzed for seismic forces under maximum expected crane load
conditions during refueling. The procedure for seismic analysis is treated as described herein
before in this Section. The design provides for no loss of crane support or structural integrity
during a DBE, and that no parts will shake loose.

To assure the stability of the crane during an earthquake, the bridge and trolley are equipped
with fitted rail yokes that will allow free-rolling movement but will prevent the wheels from
being lifted or derailed. The structural steel and Reactor Containment Vessel wall supporting
the crane are designed to withstand these earthquake-induced forces.

The bridge and trolley wheels are equipped with electrically activated, spring set
brakes. Upon loss of power or when the crane or trolley is not under operator control, the
springs activate the brakes locking the wheels firmly in place to prevent rolling. The positive
wheel stops provided and designed to prevent overtravel of the trolley also prevent the trolley
from leaving the rails even in the unlikely event of brake failure. For details about missile
protection of the Reactor Containment Vessel and Shielding Building, refer to Appendix B,
Paragraph B.9.

Insulation

Insulation is not required for the Reactor Containment Vessel or the Shield Building.
Shiclding

The primary performance objective of radiation shiglding within the Reactor Containment
Vessel is to minimize the exposure of plant personne] to radiation ;manatmg from the reactor
and auxiliary systems. The radiation levels prevalen during plant operation, as well as those
experienced upon shutdowp, are recognized in the determjnation of the shiel mg
requirements as described in Section 11.2. The spcondary performance objective of the
radiation shielding is to minijnize radiation effects upon operating equipment as describeq in
Section 11.2.
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5.2.2 SHIELD BUILDING DESIGN
Design Conditions

The Shield Building is a reinforced concrete structure of vertical cylindrical configuration
with a shallow dome roof. An annular space is provided between the Reactor Containment
Vessel shell and the wall of the Shield Building to permit construction operations and
periodic visual inspection of the Reactor Containment Vessel. The volume contained within
this annulus is approximately 374,000 cubic feet.

The Shield Building concrete wall is 2'-6" thick and the dome is 2'-0" thick for biological
shielding requirements. The design bases for shielding requirements for operational radiation
protection are discussed in Section 11.2. The results of analysis with respect to assumed
post-accident conditions using these design parameters are discussed in Section 14.3.5.

The normal ambient temperature in the annular space is set by heat loss through the Reactor
Containment Vessel and Shield Building. The design assures that the Reactor Containment
Vessel metal temperature can be maintained above 30°F.

Following the Design Basis Accident (DBA), displacement of the containment shell due to
the post-LOCA pressure/temperature increase inside the containment and heat transferred to
the air in the annular space could cause a slight pressure rise. This annulus pressure transient
is limited to less than 4.0" H,O by venting the annular space. Conservative assumptions for
temperature transmission to the space, and pressure drop in the Shield Building Ventilation
(SBV) system were used in sizing the ventilation system. Following this initial pressure
transient, the Shield Building is maintained at a slight negative pressure with respect to the
Auxiliary Building-between 2" and 2)4" H,0. The Shield Bu:ldmg seals are designed to
accommodate these pressures.

The structure was analyzed to assure adequate strength to accommodate thermal stresses
resulting from the above temperature-induced thermal gradients.

The following loadings are considered in the design of the Shield Building:

Structure dead load

DBA load

Live loads

Wind load

Tornado load

Uplift due to buoyant forces
Earthquake loads

External missiles
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Design Leakage Rate

The Shield Building is designed so that its inleakage rate is not greater than the amounts
indicated in Figure 5.2-8. The inleakage rates shown in Figure 5.2-8 are total leak rates
including the leakage through the personnel doors. The originally calculated contribution to
total leak rate from the various sources of inleakage, with a differential pressure of 4" of
water is shown in Table 5.2-3. These leak rates will in most cases vary linearly with
pressure, and extrapolations made on this basis are shown in Figure 5.2-8.

Figure 5.2-8 also shows the measured as-built leakage rate and a modified design basis
leakage rate. For discussion of these leakage rates see Section 5.5.1.

Design Loadings
Dead Load

Dead load consists of the dead weight of the Shield Building, the Reactor Containment
Vessel, grout under the Containment Vessel, the foundation slab, and the weight of concrete,
structural steel, equipment, and miscellaneous building items within the Reactor Containment
Vessel.

The basis for calculation of weights is given in Section 5.2.1.
Design Basis Accident (DBA) Load

The DBA load is determined by analysis of the pressure and temperature transients in the
annulus during a Design Basis Accident (See Section 14.3.4).

Live Load

Live load consists of snow loads on the dome applied uniformly to the top surface of the
dome at 40 pounds per horizontal square foot (PSF).

Wind Load

Wind loading for the Shield Building is based on Figure 1(b) ASCE Paper 3269, “Wind
Forces on Structures,” using the fastest wind speed for a 100-year period of recurrence. This
results in a 100-mph basic wind at 30 feet above grade. In addition, this paper was used to
determine shape factors, gust factors and variation of wind velocity with height.

Tornado Load

The structure was analyzed for tornado loading (not coincident with accident or earthquake)
on the following basis:
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a. The Shield Building is designed for an internal pressure of 3 psi acting outward and
uniformly over the entire inside surface of the building, and

b. Lateral force on the Shield Building assumed as the force caused by a “funnel” of wind
having a peripheral tangential velocity of 300 mph and a forward progression of 60 mph.

The design tornado that is assumed corresponds to a large funnel of arbitrary radius with a
band of maximum velocity wind (300 mph) which is at least 150 feet wide and which
extends from the ground surface to at least 200 feet.

The forces induced in the Shield Building by the external pressure of the above hypothetical
tornado are considered in two cases. In the first case the structure is considered as an annular
cantilever beam loaded with maximum wind pressure over the entire horizontally projected
area of the structure. This case gives the maximum overturning moments, and membrane,
shear and axial stresses. In the second case, it is assumed that the exterior pressure at any
horizontal section varies from a maximum at the sub-wind centerline of the building to zero
at each end of the diameter, which is perpendicular to this centerline. This pressure pattern is
assumed to be the same at all elevations. This case gives the maximum ring moments and
shears.

Uplift Due to Buoyant Forces

Uplift forces, which are created by the displacement of ground water by the structure, are
accounted for in the design of the structure.

Earthquake Loads
Seismic loads were computed using the following:

¢ Operational Basis Earthquake seismic ground acceleration of 0.06g. (See Appendix A).
¢ Design Basis Earthquake seismic ground acceleration of 0.12g.

A vertical component of B of the horizontal ground acceleration is applied simultaneously
with the horizontal acceleration. The plots of the seismic response spectra are shown in
Appendix A. The classification of plant structures and equipment and the applicable
damping factor are shown in Appendix B. The general procedure for seismic analysis is
treated in Section 5.2.1.

External Missiles

The design tornado missile was chosen to be equivalent to an airborne 4" x 12" x 12' - 0"
long wood plank traveling 300 mph. Other possible sources of tornado missiles were
evaluated, as reported in Appendix B, but none were as destructive as the wood plank. The
turbine missile is discussed in Appendix B.
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Codes
Design Codes

Concrete structures are designed in accordance with the ACI Code 318-63 “Building Code
Requirements for Reinforced Concrete”. Structural steel is designed in accordance with the
“AISC Specification for Design, Fabrication and Erection of Structural Steel for Buildings”.

Welding is in accordance with the ASME Boiler and Pressure Vessel Code and AWS
“Standard Code for Arc and Gas Welding in Building Construction”.

In addition to the above, the Shield Building is designed and constructed in accordance with
applicable state and local building code requirements.

Material

Specifications and working drawings for materials and their installation are of such scope
and detail that the desired integrity of the Shield Building was assured.

Basic specifications for these materials include the following:
a. Concrete

All concrete work is in accordance with ACI 318-63 “Building Code Requirements for
Reinforced Concrete”.

The concrete was tested to assure a minimum compressive strength of 4000 psi at 28
days. Where the heat of hydration was not a factor, Portland cement Type 1, conforming
to Specification ASTM C150, was used. In other applications, Type 1I cement was used
for its lower heat of hydration and slower rate of heat generation.

Testing of aggregates, cement, concrete mixes and sampling were undertaken by a
qualified independent testing laboratory. Concrete samples were taken at a point nearest
to placement as was possible.

Standards and specification for concrete materials, testing and construction methods are
as follows:

e ACI 306 Recommended Practice for Winter Concreting

e ACI 347 Recommended Practice for Concrete Formwork

e ACI 605 Recommended Practice for Hot Weather Concreting

e ACI 614 Recommended Practice for Measuring, Mixing and Placing Concrete

e ASTMC31 Making and Curing Concrete Compression and Flexure Test
Specimens in the Field

e ASTMC33 Specifications for Concrete Aggregates

e ASTMC39 Test for Compressive Strength of Molded Concrete Cylinders
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o ASTMC87

ASTM C98

ASTM Cl143
ASTM C150
ASTM C172
ASTM C175
ASTM C227

ASTM C231

ASTM C260
ASTM C289
ASTM C295
ASTM C350

b. Reinforcement

Test for Effect of Organic Impurities in Fine Aggregate on Strength of
Mortar

Specification for Ready-Mixed Concrete

Test for Slump of Concrete

Specification for Portland Cement

Method of Sampling Fresh Concrete

Specification for Air-Entraining Portland Cement

Test for Potential Alkali Reactivity of Cement Aggregate
Combinations

Test for Air Content of Freshly Mixed Concrete by the Pressure
Method

Specification for Air-Entraining Admixtures for Concrete

Test for Potential Reactivity of Aggregates

Petrographic Examination

Fly Ash for use as a Concrete Admixture

All reinforcing is new billet steel and specified as follows:

Type & ASTM
Spec No.

A-15

A-408
A-432
ASTM A305

AWSDI2.1

Grade Minimum Minimum Minimum Elongation
Designation Tensile-PSI  Yield-PSI in 8" Spec

Intermediate 70,000 40,000 7-12%*
Intermediate 70,000 40,000 10%
-- 90,000 60,000 7%

Specification for Deformations of Deformed Steel bars for
Concrete Reinforcement

Recommended Practices for Welding Reinforcing Steel, Metal
Inserts and Connections in Reinforced Concrete Construction

* Varies with size of bar.

All reinforcing steel was shipped to the job site in bundles bearing a tag identifying its size,
grade and code number keyed to heat numbers. This information was verified by certified
mill test reports, which accompany each shipment of reinforcing steel.

All reinforcing steel bars were clearly identified with markings legibly rolled into the surface
of each bar at the producer’s plant showing the point of origin, size, designation and type of
steel. High-strength steel bars were further identified with the minimum yield strength rolled
into the surface of each bar.

All reinforcing steel was tested in accordance with ASTM Specifications. Tests included one
tension and bend test per heat number or mill shipment; whichever is less, for each full size

diameter bar.

Rev. 16
5.2-35 12/01/2000



The Quality Control Engineer followed construction to assure that steel bars as specified on
the drawings were placed in their proper location and were of the designated size and
strength.

The fabricator was required to furnish assurance that the steel as detailed, fabricated and
shipped to the job site, bearing identification tags, was the same as that received from the
mill.

Reinforcing steel bars were generally lap-spliced except where the design indicated that
welded splices were structurally required, because the lap splice could not adequately meet
the joint requirements within practical limits, or where welded splices were economically
advantageous. Welded splices were made by full penetration fusion butt-welding. Only
A-15 reinforcing bars were used.

Whenever the integrity of structure was dependent upon welding, the weld splicing of A-15
bars was as follows:

a. A fully pre-qualified, written welding procedure was used
b. All welders were pre-qualified by tests

c. The chemistry of the bars to be welded was determined, and no bar with a carbon content
greater than 0.35% was welded;

d. Welded splices in adjacent bars were staggered at least 24 inches
e. An extraring of bars was added and was in addition to those required by the design; and

f. Not less than one in each twenty-five welds were tested radiographically. Each weld was
inspected visually.

Shield Building wall reinforcement in each direction was governed by the structural
requirements of tornado pressure loadings, wall temperature gradients, and missile
loading. The structural requirements were in excess of the minimum percentages of
reinforcement required by ACI-318. The design indicates that the minimum percentage of
reinforcement in any case is not less than 0.4%.

Design Basis

The Shield Building completely encloses the Reactor Containment Vessel, the access
openings, the equipment door, and that portion of all penetrations that are associated with
Primary Containment. The design of the Shield Building provides for:

+ Biological shielding,
+ Controlled releases of the annulus atmosphere under accident conditions,
+ Environmental protection of the Reactor Containment Vessel.
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The Shield Building is primarily a shielding structure and as such it is not subjected to the
internal pressure loads of a pressure-containment vessel. The structure therefore will not be
subject to bi-axial tension and cracking due to pressure loads.

Since the Shield Building need not be designed for internal pressures, the reinforcement
arrangements are based primarily on the need to withstand the more conventional structural
loads from environmental effects.

The design criteria for the openings are:

a. To provide reinforcement around the openings to carry all loads by frame action. Because
the Shield Building wall thickness is set to meet radiation shielding requirements, the
thickness is generally in excess of that necessary for structural requirements; therefore, it
was necessary to add additional bars around the perimeter of the opening to provide a
reinforced concrete frame.

b. To provide for horizontal and vertical shearing forces acting in the plane of the opening,
diagonal bars are provided forming an octagonal pattern of reinforcement around the
perimeter of the opening.

The reinforced concrete and structural steel of the Shield Building and foundation were
designed by the working stress method and are based on allowable stresses as set forth in
Table 5.2-4.

Earthquake stresses were added linearly and directly to stresses caused by the Design Basis
Accident, snow, wind, dead loads, and the appropriate operating loads, to obtain the total
stresses. These total stresses are within the maximum stress limits allowed by the applicable
design criteria.

The summation of loads as stated in Conditions 1 and 2 of Table 5.2-4 provided the design
basis for the Shield Building.

The summation of loads as stated in Condition 3 of Table 5.2-4 provided the design basis to
maintain the integrity of the Shield Building so that a proper shutdown can be made during
the ground motion having twice the intensity of the Operational Basis Earthquake. The
design was reviewed to assure that resulting deflections or distortions did not prevent the
proper functioning of the structure or piece of equipment and would not endanger adjacent
structures or components.

Adequate reinforcing was placed in the concrete walls and dome to control cracking due to
concrete shrinkage and temperature gradients.

The summation of loads as stated in Condition 4 of Table 5.2-4, provided the basis for a
design review to assure that the Shield Building will suffer no loss of shielding or
containment function due to a 300-mph design tornado.
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The allowable stress values shown in Table 5.2-4 assure an elastic behavior of steel
reinforcement during a Design Basis Earthquake, thus minimizing the cracking of concrete
and the impairment of leaktight integrity.

It is demonstrated by the stress criteria of Table 5.2-5 that during the maximum conditions of
earthquake loading, the allowable stress values of Table 5.2-4 provide adequate margins
within the elastic range of the material to assure the elastic behavior of the structure.

Concrete Cracks in Walls of Shield Building During Post-Earthquake Conditions

It is expected that only negligible amounts of inleakage could occur through cracks during
post-earthquake conditions and accordingly, leakage due to an earthquake has been indicated
as “negligible” in Table 5.2-3. )

This is primarily a consequence of the combination of low shear stresses and the predominant
effect of the dead load of the structure on the moment and shear stresses produced by
earthquakes.

The maximum expected tangential shear stress on a horizontal cross-section of the Shield
Building wall at the base of the structure during a Design Basis Earthquake will be in the
order of 90 psi. This shear stress will vary from zero to a maximum and will be distributed
over the cross-section as outlined in Section 5.2.1.

The ratio of the structure deadload to the Design Basis Earthquake moment uplift forces is in
the order of 1:0.95 with a deadload stress of about 220-psi and a maximum moment uplift
stress of 210-psi at the outer fibers of the cross-section where the shear stresses are zero.

The structure dead load acts as a pre-stress on the structural system and modifies the
trajectories of tensile and compressive principal stresses from their characteristic curved lines
to near straight orthogonal lines. For example, where the horizontal tangential shear stress is
zero, the principal stress trajectory will be vertical and there will be no normal horizontal
stress and associated cracking of concrete. This condition occurs in the walls at the
extremities of a diameter normal to the neutral axis. A second limiting condition occurs
where the horizontal tangential stress is a maximum (90-psi) at the extremities of a diameter
coincident with the neutral axis. The vertical dead load stress (220-psi) will combine with
the shear stress to generate a principal stress trajectory that will be oriented near vertical
(approximately 20° to the vertical) with a normal principal tensile stress of 30-psi.

It is evident that earthquake conditions cannot produce sufficient horizontal forces to initiate
and open vertical shear cracks to any appreciable degree. It is further evident that whatever
cracks might form would only open and be exposed to inleakage for an average time length
of only one-half of the duration of the earthquake. Since the elastic action of the structural
system will alternately open and close stress cracks during earthquake stress cycling and
finally remain closed after the earthquake has subsided. In addition, the stresses due to an
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earthquake will vary from a maximum at the base of the structure to zero at the very top,
thereby further minimizing any leakage.

Finally, it can be concluded that earthquake forces will not provide any stresses of
appreciable magnitudes that might contribute to any significant cracking and associated
inleakage to the Shield Building Ventilation System.

Concrete Cracks and Leakage at the Springline of the Shicld Building

The construction of the Shield Building roof consisted of two stages. First, a thin reinforced
concrete dome roof was placed (about 5" thick). This dome was supported by the Reactor
Containment Vessel shell dome by means of temporary construction shores. When this
concrete dome had sufficient strength, the temporary shores were removed and the balance of
roof concrete was placed.

The design and construction of the dome roof and walls at the springline are monolithic. The
dome roof and walls are reinforced in a meridional direction for structural discontinuity
moments and shears. The dome roof and walls are also reinforced in a circumferential
direction to resist the hoop tensile stresses caused by springing of the dome roof at its point
of support. The hoop reinforcing is proportioned in accordance with the discontinuity strains
of the concrete shell near the springline to achieve an efficient use of the steel for crack
control. The concrete dome roof is under continual compression due to dead load; therefore,
cracking in the dome will be negligible.

It is estimated that the thrust of the dome roof will result in a maximum tensile stress of
120-psi in the hoop concrete section at the springline.

This stress is well within the limiting stress at which cracking in concrete can be expected to
occur. However, in keeping with a conservative approach, the concrete is assumed to
crack. The resulting inleakage through these cracks is shown in Table 5.2-3.

The wall and dome surfaces are provided with a minimum of 2" concrete cover over the
reinforcing bars as required by ACI-318, to provide an adequate protection of reinforcement
against freezing and thawing.

Foundation Slab and Support and Adjacenf Building Construction

This foundation slab of the Containment System will have structural continuity with the
foundation slab of the adjacent building.

The design provides for the relative static settlements that could occur between structures as
dead load is placed on the slab during construction. The design assumes a zero relative
settlement between structures during an earthquake. The design takes into account local
foundation deformations during an earthquake due to the dynamic action of a rocking
structure.
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Structures adjacent and exterior to the Shield Building walls are designed with provision for
the movements of the Shield Building during an earthquake. Walls originating in the
Auxiliary Building that abut the Shield Building wall are isolated from the Shield Building
by an adequate physical separation to prevent damage to either structure due to hammering
during an earthquake.

Floors in the building adjacent to the Shield Building wall are not supported by the Shield
Building wall but are cantilevered from columns. These floor slabs and beams are separated
from the Shield Building wall by a flexible expansion joint that will permit independent
building movements that might occur during an earthquake. Adequate physical separation
between these floor slab terminal edges and the Shield Building walls are provided to prevent
hammering.

The Shield Building and Auxiliary Building were dynamically analyzed for seismicity by
John A. Blume & Associates (References 3 and 4).

The results of these two analyses were correlated to determine the separation required
between the two structures to assure that there would be no physical contact between the
structures under earthquake conditions.

The separation space in walls and floors, which are a part of the leak barrier, is sealed by
means of a flexible membrane attached to the concrete surfaces at the separation joint. This
seal is of a type that will provide for movements that expand or contract the separation joint
and for movements in the two other coordinate axes.

The Shield Building is monolithic with and integrally connected to the Aux1llary Building up
to and including the mezzanine floor.

Flexible expansion joints have been provided between the Shield Building and adjacent
Auxiliary Building structures above the mezzanine floor to provide for the relative lateral
movements of the buildings during an earthquake.

A polyvinylchloride foam plastic joint filler is used to form the joint and a two-component
polysulfide base sealant provides a watertight seal at the top of the joint. At the periphery of
the roof, the “SV” zone and the Shield Building airlock concrete enclosures, an additional
flexible non-plasticized chlorinated polyethyline reinforced with polyester mesh flashing was
provided to assure continued leaktight integrity.

Prior to placement of the foundation slabs and exterior walls below grade, a 40-mil thick
polyvinylchloride sheet was placed to act as a vapor barrier. This sheet acts in a dual role,
preventing out-leakage of radioactive fluids from the plant, and at the same time preventing
infiltration of ground water. The waterproofing membrane extends up to an elevation one
foot below grade, which is approximately fifteen feet above the subsurface drainage system
circumscribing the plant and twenty-two feet above high water lake level.
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Analysis and Design for Missiles

The Shield Building is designed to withstand the tornado missile without loss of function. It
is also designed to intercept the turbine missile and prevent it from damaging the Reactor
Containment Vessel. Details of design analysis methods and criteria are given in
Appendix B.

Design Analysis

The Shield Building was analyzed for individual cases of dead load, wind load, tornado,
earthquake, and internal pressure loads. ‘

The basis of the wind analysis is identified herein before in this Section.

The analysis for tornado winds considered the combined frontal pressure effects of both the
300 mph tangential and the 60 mph forward velocities acting on one-half of the Shield
Building.

The seismic analysis of the Shield Building is given in Section 5.2.1.

The resulting stresses from individual loadings are combined as indicated in
Table 5.2-4. Under loading condition “4” in Tables 5.2-4 and 5.9-1, the maximum allowable
concrete stress is indicated to be 0.85 f..

In the actual design of the structures the maximum concrete stresses for condition “4” in the
Shield Building never exceeded 0.53 k& and the actual stresses in the internal structures
(Table 5.9-1) never exceeded 0.75 [&.

Therefore, with a maximum allowable concrete stress of 0.75 f¢ there is no lack of
consistency in the safety margins for concrete and reinforcement steel. In the final design, a
balanced design of concrete and steel reinforcement has been achieved.

The Shield Building is subjected to two distinct types of shear action. These are:

a. A radial shear normal to the building walls developed by discontinuity conditions and
tornado internal pressure, and

b. A tangential and accompanying longitudinal shear taken on a radial plane through the
walls induced by the flexural action of the structure under the effects of wind or
earthquake loads (Reference 9).

The Shield Building was analyzed for effects of thermal stress.

The containment atmosphere during normal operation varies depending on the time of
year. The average temperature at any one time can be as high as 115°F.
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The steady-state temperature distribution in the Shield Building was determined, using the
conservative assumption that the containment vessel and the annulus air are both at 120°F
and the outside temperature is at -35°F. The calculated inside and outside wall temperatures
are 99°F and -7°F, respectively.

The transient temperature distributions following a LOCA were calculated by superimposing
on the steady-state temperature profile the effects of radiative and convective heat transfer to
the wall from the annulus air and the containment vessel due to the energy release inside the
containment vessel. The maximum wall temperature is 117°F on the inside surface at 45.2
minutes following a LOCA and temperature changes at a depth beyond 10 inches are then
negligible. The physical properties as well as the assumptions used to calculate the steady
and transient temperature profiles are listed in Table 5.2-11.

The total concrete and steel stresses, including thermal stress due to the transient condition
are also presented in the table, and these are below the allowable limits.

The calculation described is conservative in most respects, rather than realistic. The LOCA
conditions are those associated with a double-ended break and calculations of outer
containment wall temperatures following smaller breaks indicates very little difference in
heat input to the annulus for these cases. The dominant thermal effect is the gradient
resulting from initial temperatures on opposite sides of the wall and these temperatures have
been chosen conservatively.

The Shield Building is a structure of conventional reinforced concrete design and
construction. The Shield Building is designed to resist the internal pressure of 3-psi due to
tornado loading, however this does not subject the structure to significant membrane forces
that are ordinarily associated with pressure vessels. This low internal pressure minimizes the
cracking of concrete and assures that concrete will function as a shear-carrying member. In
addition, the structural discontinuity stresses are small since no significant pressure forces are
present. Therefore, radial shears will be very low.

The shear provisions of the ACI Code are applicable to concrete members under the
combined action of moments and applied axial compressive or tensile loads. These
provisions are applicable to the transverse and tangential shear actions noted above.

The tangential and longitudinal shear distribution over the annular cross-section and at any
point will be given by:

Vv
V.= —cos
< hrt 1

The tangential and longitudinal shear will vary from zero over a thickness of wall located at
the extremes of a diameter normal to the neutral axis to a maximum on a wall thickness
located on both extremes of a diameter coincident with the neutral axis, and is given by:
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v,

max

-V
hrt

V= Total shear on the annular cross-section;

ve=  Unit tangential or longitudinal shear on the annual cross-section;

r = Mean radius of Shield Building wall;

t =  Thickness of Shield Building wall;

0= Polar angle measured on either side of the neutral axis locating the point at which the

unit shear is to be determined;
Vmx = Maximum tangential and longitudinal shear.

The maximum unit shear is limited in the design by the allowable values of the ACI 318-63
Code, Chapter 12.

Construction

The reinforced concrete vertical cylindrical wall of the Shield Building was constructed using
the slip-form method as described in Chapter 5 of ACI Code 347-68.

Several minor changes were made to the fixed-form designs to facilitate slip forming. The
changes effected the following:

a. Length of forms for block-outs, plate inserts and embedded items were shortened for easy
placement in forms,

b. Spacing of form-supporting yokes required shorter lengths of reinforcement,

c. Concrete slump increased to 6 inches and maximum aggregate size was limited to %",
and

d. Form to be tapered to avoid adhesion as form is raised.
Penetrations

The Shield Building penetrations for piping ducts and electrical cable are designed to
withstand the normal environmental conditions which may prevail during plant operation and
also to retain their integrity during and following postulated accidents.

The openings into the Shield Building, including personnel access openings, equipment
access openings and penetrations for piping, duct, and electrical cable, are designed to
provide containment which is as effective as the Shield Building and consistent with the
Shield Building leak rate.

The Shield Building is provided with two access openings, one located adjacent to the
maintenance air lock and the other adjacent to the personnel air lock.
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Each access opening is provided with double-interlocked doors. A bolted, sealed door is
provided at the equipment opening.

Pipe penetrations through the Shield Building are sealed with low-pressure flexible
closures. The seals are of a rubber-impregnated canvas material or equal and seal the process
line to the embedded sleeve in the Shield Building.

Flexibility of all cables is provided between the Shield Building and the Reactor
Containment Vessel so that no damage can occur to the cables or structures due to
differential movements between the two structures.

All electrical cables in the annulus are provided with support systems of various methods.

Generally the cables will be supported by tiers of cable tray, which are supported by
structural members bearing on the external support concrete and tied back to the Shield
Building. The cables will not be clamped to the cable tray system and will have slack
allowed in them at both ends.

The large 5000-volt cables used for the reactor coolant pump are supported somewhat
differently. A supporting framework is clamped to the penetration nozzle (part of the
containment vessel) to provide a rigid support for the cables at the outboard end of the
porcelain bushings. The cables will have approximately 18" of length available for slack
prior to entering the embedded conduit in the Shield Building.

Annulus lighting system cables are all supported by clamps fastened only to the Shield
Building.

All of the above systems are designed to accommodate differential movements between the
two buildings without interaction.

Further discussion of penetrations is presented in Section 5.2.1.
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8.2

8.2.1

ELECTRICAL SYSTEM
NETWORK INTERCONNECTIONS

Electrical energy generated at 20-kV is transformed to 345-kV by the Main Transformer, a bank
of three single-phase units, which in total arc rated at 580-mVA. It is delivered through a
345-kV, 25,000-mVA (interrupting rating), 1600-ampere (552-mVA) circuit breaker to the
345/138-kV switching station located at the plant site, as shown in Figure 8.2-1. The electrical
output is integrated into the American Transmission Company’s 345-kV and 138-kV
transmission systems. These systems are interconnected at the plant site substation by a
transformer rated at 300 mVA. The 345-kV transmission system has interconnections with
Northern States Power Company. Two 345-kV transmission lines are connected to the plant
switching station and are on separate line structures in order to minimize the possibility of losing
more than one circuit at a time. Either line is capable of carrying the full output of the
generator. In addition, two 138-kV lines are connected to the plant switching station from the
138-kV grid system. These two lines together are capable of carrying the full output of the
generator, but would be limited by the 300-mVA Autotransformer on a loss of both 345-kV
lines.

An analysis of the integrated 345/138-kV power system has been made and shows that a fault on
any one of the transmission lines, any bus section at thc Kewaunee Substation, or the loss of the
Kewaunee generator will not cause a cascading failure on the transmission system, thereby
insuring an off-site power supply to the plant for any of the aforementioned failures. (Sce
Stability Study in Reference 6).

The centerline of the two 138-kV lines is 265 feet south of the southern-most two 345-kV lines
on a separate right-of-way as they leave the plant property. About one-half mile west of the
substation the two 345-kV lines turn: one, line R-304, goes north and the other, line Q-303, turns
south at a dead-end tower. Line Q-303 crosses over both 138-kV lines, one before the dead-end
tower and one after (see Figure 8.2-1a). Since dead-end tower failure is not considered a credible
accident, failure of a 345-kV line structure at some point could only cause a failure of one
138-kV line. There is no area where a failure of a 138-kV line structure can cause a failure of
either 345-kV line. Thus, there is no single failure that can disable more than two lines. This
results in three pairs of physically independent sources of offsite power (see NRC SER in
Reference 1).

The 138-kV overhead transmission line from the substation into the plant on-site distribution
system through the Reserve (Startup) Auxiliary Transformer is bifurcated at the substation to
connect to either the East or West 138-kV buses. Each leg of the bifurcation is separated from
the respective bus with a 138-kV oil circuit breaker. The controls for the 138-kV breakers are
separated into two distinct 125-V d-c branch circuits; one serving the breaker closing circuit and
one of the two trip circuits with the primary relaying; the other serving the second trip coil and
the backup relaying. These breakers are manually controlled from the plant Electrical Vertical
Panel A,
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Similar connections to the East and West 138-kV buses are made to the 345-138-kV
autotransformer, which can be used to energize the autotransformer if the need arises. These
breakers are manually controlled from the plant Electrical Vertical Panel A, or local control in
the substation control house and by operator choice can be transferred to system operating office
supervisory control.

The West 138-kV bus is connected to a capacitor bank with a 138-kV oil circuit breaker (see
Figure 8.2-1). Each of the four-capacitor banks have switching devices. The breaker and
switching devices are normally under system operating office supervisory control and by operator
choice, can be transferred to control from Electrical Vertical Panel A.

The 345-kV system can be and normally will be used to energize the 345-138-kV
Autotransformer. The 345-KV oil circuit breakers are controlled similar to the East and West
138-kV bus oil circuit breakers described above.

The tertiary winding of the autotransformer is used to furnish power to the 13.8-kV Tertiary
Auxiliary Transformer via an underground insulated power cable. This cable becomes the
second of the two physically independent circuits to provide off-site power to the on-site
distribution systems.

Both of the above circuits will normally be energized at all times and will be connected to one or
the other of the engineered safeguards buses at all times. Thus, loss of the reactor, turbine
generator, Main Station Auxiliary source of power does not even require a transfer for the
safeguards buses. In the case of an engineered safeguards bus energized by one of the on-site
power sources, i.e., the diesel-generator, and subsequent loss of the diesel-generator, the
automatic transfer system will search for a transformer source and automatically close in its
breaker. The above postulated condition could only occur after a loss of all off-site power and
subsequent restoration of at least one source, prior to manual operator actions per emergency
instructions.

Thus, loss of power from the nuclear unit should not affect the availability of power from the two
off-site transmission circuits or the two standby power sources. Loss of either transmission
circuit should not affect the other transmission circuit, the two standby power sources or the
nuclear unit as a source. Finally, loss of one or both of the standby power sources should not
affect the availability of the transmission sources or the nuclear unit.

Substation D-C System

The substation d-c system consists of two separate systems; the 48-V d-c distribution system
furnishing power to the solid-state relay systems and the 125-V d-c distribution system
furnishing control power and additional electro-mechanical and microprocessor based relay
systems.

The 48-V d-c distribution system consists of redundant battery chargers, one battery and two
distribution cabinets. '
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8.2.2

The 125-V d-c distribution system consists of redundant battery chargers, one battery and four
distribution cabinets.

The battery chargers are furnished with a-c and d-c (output) failure relays and redundant a-c
sources. High and low voltage alarms are provided for the d-c circuit.

The 125-V d-c distribution system is arranged so that the two circuits used to control each high-
voltage circuit breaker emanate from different distribution cabinets. Each branch circuit in the
three breaker distribution cabinets is individually monitored and alarmed on loss of d-c
voltage. These alarms are displayed in the substation control house and are transmitted to the
plant control room annunciator as a substation alarm. The branch circuits in the fuse distribution
cabinet are not individually monitored and alarmed on loss of d-c voltage. A loss of power to

_any of the microprocessor based relays fed from the fuse cabinet would be indicated locally on

the relay and transmit an alarm to the transmission system operator. The overall effect is that of
a dual supply to the high-voltage breaker control trip elements with alarm should any portion of
the supply system become abnormal.

The oil circuit breakers can close on 90-V d-c and trip on 70-V d-c. Each battery charger is
equipped with a low voltage alarm set at 122-V d-c. The battery is considered to be fully
discharged when the voltage reaches 105-V d-c. The actual closing energy is supplied from air
compressors also integral with each circuit breaker. The air compressors are a-c powered. The
storage cylinders have sufficient capacity when fully charged for five operations if a-c were
lost. These breakers can be manually tripped at the breaker.

Loss of the substation battery and a concurrent fault on one of the transmission lines wherein the
plant would continue to supply power to the fault is a sct of postulated conditions, which would
lead to an undetected failure. Under these postulated conditions, the fault would clear when the
transmission-line remote terminal breakers opened. The Kewaunee breakers can be manually
tripped and, thus, isolate the fault, thereby restoring off-site power to the plant via the remaining
transmission lines.

Thus, given an undetected failure, the capability to clear and restore off-site power to the
Kewaunee plant will not be lost, and the restoration of off-site power (assuming the grid is
available) will be made within the time period (seven days) in which the plant can be maintained
in a safe condition without off-site a-c power.

PLANT DISTRIBUTION SYSTEM
The Auxiliary Electrical System is designed to provide a simple arrangement of buses requiring

the minimum of switching to restore power to a bus in the event that the normal supply to that
bus is lost.
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Single Line Diagrams

The basic components of the plant electrical system are shown on the Single Line or Circuit
Diagrams, Figures 8.2-2 and 8.2-3. These figures show the 20-kV, 4160-V, 480-V and
instrument bus a-c systems and the 125-V and 250-V d-c systems. In addition, Figures 8.2-1,
8.2-2 and 8.2-3 show the basic elements of the 13.8-kV, 138-kV and 345-kV substation systems.

Main Auxiliary, Reserve Auxiliary and Tertiary Auxiliary Transformers

The plant turbine-generator serves as the primary source of auxiliary electrical power during “on-
the-line” operation. Power is supplied via a 20-4.16-kV, three-winding, Main Auxiliary
Transformer, which is connected to the main leads from the turbine generator.

The primary sources of electrical power for the auxiliaries associated with enginecred safety
features during “on-the-line” operation of the plant are the Reserve Auxiliary Transformer and
the Tertiary Auxiliary Transformer. Power is normally supplied to one bus (Bus 1-6) through the
138-4.16-kV, three-winding Reserve Auxiliary Transformer which is connected to the 138-kV
portion of the Kewaunee Substation. Power is normally supplied to the second bus (Bus 1-5)
through the 13.8-4.16-kV, two-winding Tertiary Auxiliary Transformer which is connected, by
an underground line, to the 13.8-kV tertiary winding of the 345/138/13.8-kV auto transformerin
the Kewaunee Substation. Either source can supply both buses.

Auxiliary power required during plant startup, shutdown and after reactor trip is supplied from
the 13.8/138/345-kV Kewaunee Substation via the Reserve Auxiliary and Tertiary Auxiliary
transformers. After turbine-generator trip, the auxiliaries on the 4160-V buses being fed by the
Main Auxiliary Transformer are transferred by a fast bus transfer scheme using stored energy
breakers to the Reserve Auxiliary Transformer. Control power for the plant auxiliary breakers is
supplied by the plant batteries. The high-side (substation) breakers use the substation battery for
control power.

4160-V System

The 4160-V system is divided into six buses, as shown in Figure 8.2-2. Buses 1-1 and 1-2 are ‘
connected via bus main breakers to the Main Auxiliary and Reserve Auxiliary
Transformers. These buses supply power to the Reactor Coolant Pumps and the Feedwater
Pumps.

Buses 1-3 and 1-4 are also connected via bus main breakers to the Main Auxiliary and Reserve
Auxiliary Transformers. These buses supply power to the normal balance-of-plant auxiliaries,
and each bus supplies power to three 4160 - 480-V station service transformers. A fourth
transformer connected to bus 1-4 supplies power to the Technical Support Center. In addition,
the Circulating Water Pumps, Condensate Pumps and the Heater Drain Pumps are directly
connected to buses 1-3 and 1-4.
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Buses 1-5 and 1-6 are connected via bus main breakers to the Main Auxiliary, Reserve Auxiliary,
and Tertiary Auxiliary Transformers. In addition, each bus is directly fed via a main breaker by a
diesel generator. The two buses are tied together via two bus tiebreakers in series, one on each
bus. Each bus supplies two of the four 4160 - 480-V station service transformers for the plant’s
480-V engineered safety features equipment. In addition, the Service Water Pumps, Auxiliary
Feedwater Pumps, Safety Injection Pumps and the Residual Heat Removal Pumps are directly
connected to buses 1-5 and 1-6.

Bus 1-5 is normally supplied from the Tertiary Auxiliary Transformer and Bus 1-6 is normally
supplied from the Reserve Auxiliary Transformer. Thus, no transfer is required for the
engineered safety features in the event of an incident.

The bus tie breakers between Bus 1-5 and Bus 1-6 can only be manually closed, but are
interlocked so that the diesel generators cannot be operated in parallel.

480-V System

The 480-V system is divided into 11 load center or switchgear buses, as shown in
Figure 8.2-2. Those fed from 4160-V buses 1-3 and 1-4 serve balance-of-plant loads, those fed
from 4160-V buses 1-5 and 1-6 serve the loads associated with the engineered safety features
equipment.

Transformers 1-32 and 1-42 are connected to 4160-V buses 1-3 and 1-4,
respectively. Transformer 1-32 feeds 480-V bus 1-32; transformer 1-42 feeds 480-V
bus 1-42. These components including the 480-V bus tie are assembled as a conventional,
double-ended switchgear unit. Ina similar manner buses 1-33/1-43 and 1-35/1-45 are connected

to 4160-V buses 1-3 and 1-4. Bus 1-46, supplying the TSC, is connected to 4160-V bus 1-4.

The various motor control centers throughout the plant are then connected to these switchgear
buses.

The power required for the 480-V engineered safety features and other vital plant loads is
supplied from four 480-V buses fed from 4160-V buses 1-5 and 1-6. Transformer 1-51 is fed
from 4160-V bus 1-5 through breaker 1-505 and supplies bus 1-51. This transformer, bus and
breakers, including one bus tie, are assembled as a switchgear unit. In a similar manner, bus
1-52 is also connected via breaker 1-505 to 4160-V bus 1-5.

The large 480-V engineered safety features motors are connected to bus 1-51. Motor Control
Centers supplying the smaller loads are fed from bus 1-52.

A redundant 480-V system is supplied by 4160-V bus 1-6 through 4160-V breaker 1-607.

MCC 1-5262 may be fed from either 480-V switchgear bus 1-52 or 480-V switchgear bus 1-62
through breakers 15209 or 16209 respectively, via a manually operated transfer switch. 480-V
switchgear bus 1-52 may ultimately be fed from on-site power source Diesel Generator 1A and
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480-V switchgear bus 1-62 may ultimately be fed from on-site power source Diesel
Generator 1B. 480-V MCC 1-5262 does function as a swing bus between the two redundant on-
site power distribution systems as discussed in Safety Guide 6. However, the mechanical
operation of this switch allows MCC 1-5262 to be connected to only one 480-V switchgear bus
at a time. Hence the redundant 480-V switchgear buses can never be paralleled through the
operation of this switch. Therefore, the transfer of MCC 1-5262 does conform to the criteria
outlined in Safety Guide 6. Furthermore, the components fed from MCC 1-5262 are not part ofa
redundant load group. The components are:

Turbine Tuming Gear

Turbine HP Hydrogen Seal Oil Backup Pump

Condensate Bypass All Heaters to Feedwater Pumps Motor-Operated Valve
Waste Gas Compressor 1B

Station and Instrument Air Compressor 1A

* & & & o

The intent of the transfer switch is to provide maintenance flexibility for these loads.

It should also be noted that 480-V switchgear buses are each protected from the transfer switch
with a breaker.

The automatic transfer switch associated with MCC 1-52E provides BRA-106 with two possible
sources of power, MCC 1-52E or MCC 1-52C. However, both MCC 1-52E and MCC 1-52C are
associated with the same on-site power source (Diescl Generator 1A). Therefore, the transfer is
not between power systems of redundant load groups and does not fall into the category of swing
buses discussed in Safety Guide 6.

Likewise, the automatic transfer switch associated with 1-62E allows BRB-106 to be fed from
either MCC 1-62E or MCC 1-62C. These MCCs are both within the same load group.

125-V and 250-V D-C System

The 125V and 250-V DC system is divided into five buses (two safeguard and three non-
safeguard, see Figure 8.2-3) each with one battery and a battery charger, distribution panels and
inverters. Components prefixed with BRA and BRB make up the safeguard DC system and
those prefixed with BRC, BRD and BRE make up the non-safeguard system.

The DC power requirements of the engineered safety features (ESF) and other vital plant loads
are supplied by the safeguard batteries (numbered BRA-101 and BRB-101). Each safeguard
battery consists of 59 cells, each of which are the lead calcium type. The batteries are rated 125V
DC, 1304 ampere-hours at the eight-hour rate without discharging below 1.78V per cell. Two
main DC distribution panels (BRA-102 and BRB-102) are fed from these batteries via main
fuses. The main distribution panels connect the battery to the battery charger, to the sub-
distribution panels, and allow for the interconnection of the two busecs through the bus
ticbreakers.
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BRA-102 supplies sub-distribution panel BRA-104. BRA-104 in turn supplies the control and
excitation power for diesel generator 1A, the control power for ESF buses 1-5, 1-51, and 1-52,
control and power to one-half of the redundant essential plant equipment required for safe
shutdown in the event of loss of AC power and provides a standby power source for the
safeguard inverters BRA-111 and BRA-112.

BRB-102 supplies sub-distribution panel BRB-104. BRB-104, in turn, supplies the control and
excitation power for diesel generator 1B, the control power for ESF buses 1-6, 1-61, and 1-62,
control and power to one-half of the redundant essential plant equipment required for safe
shutdown in the event of loss of AC power and provides a standby power source for the
safeguard inverters BRB-111 and BRB-112,

The balance of plant DC power requirements are supplied by threc non-safeguard batteries
(designated BRC-101, BRD-101 and BRE-101). Batterics BRC-101 and BRD-101 each consist
of 59 cells and are of the lead calcium type, rated at 125V DC, 1680 ampere-hours at the eight
hour rate to reach 1.78V per cell. Battery BRE-101 consists of 120 cells of the lead calcium
type, rated at 250 V d-c, 694 ampere-hours at the two hour rate to reach 1.75V per cell. Each
battery is connected to a main distribution panel (BRC-102, BRD-102 and BRE-102). The main
distribution panel connects each battery to a battery charger, sub-distribution panel, bus tie (125V
d-c batteries only) and inverter(s).

Distribution panels BRC-102 and BRD-102 supply sub-distribution panels BRC-103 and
BRD-103, respectively. Panel BRC-102 is also a standby source for inverter BRC-109. The
BRC and D-103 panels, in turn, supply Technical Support Center diesel generator control and
excitation power, control power for non-ESF buses 1-1, 1-2, 1-3, 1-4, 1-32, 1-33, 1-35, 1-42,
1-43, 1-45, and 1-46, other non-safety related equipment sensitive to a loss of AC power and are
a standby source for inverter BRD-109 and a proprietary inverter.

Distribution panel BRE-102 supplies AC drive units BRE-109 and BRE-110, which convert the
250V d-c input power to 230-V a-c output power for the turbine emergency oil pump and air side
seal oil backup pump motors.

Each of the five battery buses is served by one connected battery charger. Each safeguard battery
has provisions for connection of a spare portable charger. The spare safeguard charger can be
moved to its designated mounting in either safeguard battery room and connected to the DC bus
in the event of charger failure. The battery life to minimum voltage under maximum load will
allow sufficient time to make this connection. The non-safeguard spare charger is permanently
mounted between the normal 125V d-c chargers and can be connected to either bus as
required. There is no spare 250V d-c charger.

The two bus tie breakers between 125-V d-c distribution cabinet BRA-102 and 125-V d-c
distribution cabinet BRB-102, are manually operated. These breakers are strictly
administratively controlled to prevent them from being closed during plant operation.
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Instrument Bus

The 120-V a-c instrument supply is split into several buses as shown on the one line diagram
Figure 8.2-3. There are four independent instrument buses, each fed by an inverter which, in
turn, is fed from each of the d-c buses. A fifth independent non-interruptible bus, fed by an ESF
motor control center, supplies the rod position indicators. The sixth and seventh independent
buses, each fed by an inverter, supply the plant process control computer and cabinet BRD-115,
respectively. There are two additional independent buses; each fed from an ESF motor control
center through a transformer.

Evaluation of Layout and Load Distribution

The physical location of electrical distribution system equipment is such as to minimize
vulnerability of vital circuits to physical damage as a result of accidents.

The Main Auxiliary, Reserve Auxiliary and Tertiary Auxiliary Transformers are located outdoors
and are physically separated from one another by firewalls. Each transformer cell, formed by the
firewalls, has an automatic water spray system to extinguish and prevent the spread of fires.

The 4160-V switchgear and 480-V load centers are located in areas which minimize their
exposure to mechanical, fire and water damage. This equipment is coordinated electrically to
permit safe operation of the equipment under normal and short-circuit conditions.

The 480-V motor control centers are located in the areas of electrical load concentration. Those
associated with the turbine-generator auxiliary system in general are located in the Turbine
Building. Those associated with the nuclear steam system are located in the Auxiliary Building.

The application and routing of control, instrumentation and power cables are such as to minimize
their vulnerability to damage from any source. The construction design drawings had second
level review in accordance with the Kewaunee Construction Quality Assurance Program.

All cables are specified using conservative margins with respect to their current-carrying
capacities, insulation properties and mechanical construction. The power conductors are three
conductor, galvanized armored and installed in a single layer in ladder type cable trays, and
clamped to insure that ample ventilation spacing is maintained throughout the run.

Bulk control power supply cables are treated as noted in the previous paragraph.

Control cables normally employ minimum size of #12 AWG when run in multi conductor cables
in control trays. As there are few continuous loads on these circuits no attempt was made at
derating. Continuously loaded circuits (current transformer secondaries) are sized by burden
requirements of the circuit. In special cases #14 AWG multi-conductor control cable was
allowed in cable trays. In these identified cases, a safety evaluation has been performed. Special
cases may continue to allow #14 AWG multi-conductor cable to be used. These will require a
safety evaluation and approval by the responsible engincer.
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Cables that are run in trays have fire resistant jackets. Safety-related cables meet the
environmental qualifications required by 10 CFR 50.49. Appropriate instrumentation cables are
shielded as required to minimize induced-voltage interference. Wire cables related to engineered
safety features and reactor protective systems are routed and installed to maintain the integrity of
their respective redundant channels and protect them from physical damage.

Supports and cable trays for safety feature power cable systems are designed for 100% loading
plus the forces generated by a seismic disturbance. Other cable systems are designed for 100%
loading. The ladder fill is restricted to one layer, clamped in place to maintain 2 to 12 inch
spacing between cables.

Cable trays for control and signal cable support systems and other safety-related systems are
designed for forces generated by a seismic disturbance assuming maximum fill. Other cable
systems are seismically designed for maximum fill. The tray fill is restricted to 50% of the tray’s
cross sectional area for safety-related cable and 60% for non-safety related cable.

Separation Criteria

Cable scparation provides sufficient isolation between redundant systems so that no single failure
or electrical incident can render both redundant systems inoperable or remove them from service.

To assure complete separation of Class IE circuitry that initiates and controls the transfer of
power sources to the emergency a-c and emergency d-c distribution system, the following cable
and cable tray separation techniques are used:

a. Each tray section of the cable tray system has an identifying code indicated on the electrical
design drawings and this same identification is stenciled on the tray after it is
installed. Stenciling is applied at each straight section of tray where the identifying code
changes. '

On the electrical design drawings, the trays arc identified by a number placed in a rectangular
symbol. The trays used for the redundant safeguards equipment are further identified witha
vertical line adjacent to the tray name symbol.

The identifying code contains the designation “S5” or ‘S6” where applicable to identify the
safeguard train.

b. The two Safeguard tray systems are independent of each other such that they are physically
separated a minimum of 3 feet horizontally and 3 feet vertically, except in the Relay Room
where 1-foot minimum horizontal and vertical separation is required.

c. Each electrical cable has an identifying code indicated on the electrical design drawings and
cable routing lists. This same cable number is affixed at each end of the cable with
permanent tags. -
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The identifying code is based on the following systems.

The cable codes for the 4160-V switchgear; the 480-V switchgear and the 480-V motor
control centers are a combination of letters and numbers that form a four part coding
containing:

Unit Number 1

Source of Power

Power or Control

A serially assigned number which provides uniqueness.

> & & o

A “5” in the second digit from the left is a cable in the “Safeguards 5” system; a 6™ a cable
in the “Safeguards 6 system (Example 1S5 xxx or 156 xxx).

Normal cable being fed from safeguards distribution equipment should have cable codes
starting with INP followed by a serially assigned number which provides uniqueness. Some
normal cables remain with their original safeguards power source type cable codes, since no
comprehensive re-labeling program was implemented.

Redundant circuitry for reactor protection and engincered safety systems are separated into
groups as follows.

Class IE cables are divided into the following groups:

]

Group 1 (color code red) -
Red Instrument Channel
Instrument Bus I

Group 2 (color code yellow)
Yellow Instrument Channel
Instrument Bus IV

Group 3 (color code green)
Safeguard Train A, Battery 1A, Diesel Generator 1A, 4160-V Bus 1-5, 480-V Bus 1-51,
480-V Bus 1-52 and its associated Motor Control Centers.

Group 4 (color code blue)
Blue Instrument Channel
Instrument Bus 111

Group 5 (color code white)
White Instrument Channel
Instrument Bus II
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+ Group 6 (color code orange)
Safeguard Train B, Battery 1B, Diesel Generator 1B, 4160-V Bus 1-6, 480-V Bus 1-61,
480-V Bus 1-62 and its associated Motor Control Centers.

Each group is run in a separate tray, ladder, trough or conduit. These trays are identified on
electrical drawings for engineered safety features, and are marked and color-coded on the actual
hardware. All trays for the engineered safety feature equipment are Class I structures.

Within containment the tray systems for the four reactor protection instrument channels are
separated 3 feet horizontally where they involve 2/4 logic and are separated approximately 20
feet where they involve 2/3 logic. Vertical separation is 5 feet where practical, and where
impractical, barriers are installed. These barriers are solid metal covers on the lower trays.

For the non-Class-IE systems throughout the remainder of the plant, trays installed in stacks are
spaced vertically with a minimum of 12 inches bottom to bottom in all arcas. However, Class IE
trays have a minimum of 15 inches bottom to bottom between trays of the same train. Class IE
trays containing instrument, control or power cables have a minimum horizontal separation
between redundant circuits of 36 inches. Redundant circuits are not permitted in the same tray or
conduit. If closer spacing than 36 inches cannot be avoided, an approved barrier must be placed
between the circuits. Cable trays are routed to avoid a firc hazard area, such as oil storage rooms,
oil tanks, etc., whenever possible. When this cannot be done, the cable tray system is protected
by fire resisting barriers. Where practical, these barriers will be tray covers. Whenever possible,
awall or floor has been introducted between trays carrying redundant safeguard circuits. Barriers
are required where mutually redundant trays cross. The barriers shall extend to each side of the
protected tray by a distance equal to approximately three times the wider of the two trays.

Mixing of power cables with control or instrument cable in the same tray is not permitted
throughout the plant. Whenever a control and/or instrument cable tray and a power tray are in
the same stack, the power tray is located in the top tier.

Trays for Train A and Train B are separated 3 feet horizontally and vertically except in the Relay
Room where practical design considerations require 1-foot vertical and horizontal
separation. The two trains are separated by 40 feet at the reactor containment vessel
penetrations.

Power cables for engineered safeguards arc kept strictly in cable trays so
designated. Occasionally, a non-safety-related power cable may be run in a safeguards cable tray
but a safeguards cable will never run in any tray other than its own system. Control cables are
similarly separated and control and instrumentation of the same train designation may be run in
the same control cable tray. Non-safety-related power, control or instrumentation cable shall not
be permitted to cross over from one safeguards tray to another.

Where the wiring for redundant engineered safety features is within a single panel or panel
section, this wiring is separated one group from the other, by a 6-inch air space or a fireproof
barrier. The barriers are sheet metal or flexible metallic conduit. The flexible conduit may be
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applied to one train to separate it from the other train. Wiring not associated with either train
may be grouped with one train but may not cross from one train bundle to the other train.

Where the approved logic required recognition of input signals from both A train and B train
devices into common terminal blocks or operational devices, the interconnecting wiring can no
longer retain train identity. Train A and B wiring shall maintain physical and electrical
separation up to the termination point prior to where the interconnecting wiring loses its
identity. This is an allowable exception to the above paragraph.- The interconnecting wiring
common to both trains shall not be termed “Normal”, nor shall it be routed with normal wiring.

Cable trays used for redundant reactor protection systems, engineered safeguards systems and
Class IE electrical systems have an identifying code number stenciled on them in color paint after
they are installed. The number is applied whenever there is a change in identity or when passing
through floor or wall openings. This number is applicd prior to the pulling of any cables, and the
color establishes the system to which it is assigned.

During the cable pulling operation, an intermittent colored stripe is applied to the cable as it
leaves the reel. This color must match the color of the tray system in which it is
installed. Normal (or non-Class IE) cables, if pulled into a colored tray system, will not have an
identifying stripe on them.

The following colors are used for identification:

Green - Safeguard Train A circuits
Orange - Safeguard Train B circuits
Red - Reactor Protection system
White - Reactor Protection system
Blue - Reactor Protection system
Yellow - Reactor Protection system

> & S o S0

Relay Room

The main (original) relay room is arranged in two groups of four rows of cabinets: The group to
the east contains blue and white reactor protection channels, reactor protection train A,
engineered safeguard train A, and other miscellaneous relay circuits (including two cabinets on
the east wall). The group to the west contains yellow and red reactor protection channels, reactor
protection train B, engineered safeguard B, and miscellaneous relay and metering circuits.

A relay room expansion to the south has two rows of cabinets with provision for a third. The
cabinets contain plant process computer input/output and miscellaneous monitoring equipment.

The upper levels of the relay room are used for cable routing, as there is no separate room labeled
“cable routing room”.
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Within the room the trays are arranged in four tiers. The arrangement of these tiers is such that
instrument and control circuits of reactor protection and engineered safety features of like trains
are stacked together or with normal instrumentation and control. The colored instrument
channels for reactor protection are converted from trays to rigid conduit systems where they enter
the relay room and then to 6-inch metal raceway as they pass over the instrument racks to
facilitate rack output interconnections.

Horizontal fire barriers are provided between the Control Room and the Relay Room at the
control consoles and panels.

Testing

Testing of the operator-activated Class IE circuitry that initiates and controls the connection of
the buses to the power sources for the a-c emergency power system; the Main Auxiliary
Transformer, the Tertiary Auxiliary Transformer, the Reserve Auxiliary Transformer, and the
Diesel Generators; can be done by transferring the buses, one at a time, from one source to
another with controls available to the operator in the Control Room. Manual switching of these
source breakers occurs during periodic breaker maintenance, bus maintenance and diesel
generator testing. Testing of the automatic-initiated Class IE circuitry that initiates and controls
the connection of the buses to these sources can be performed by utilizing a switch in the Control
Room which disconnects two bus undervoltage relays of one safeguard bus, thereby simulating
loss of voltage, and activates the associated logic circuitry that is required to automatically
restore power to the bus.

A sequential events recorder prints out the operation of each relay in the scheme providing
printed proof of the circuitry’s proper response. Upon successful completion of this test a green
light glows to the right of the test switch.

Both the automatic circuitry and the manual circuitry can be tested by these methods during plant
operation. Portions of the circuitry that cannot be conveniently tested with the plant in operation
without temporarily interrupting circuit protection arc the bus lockouts and the transformer
lockouts. A switch is provided for each lockout, which isolates its output contacts allowing the
lockout to operate without actually tripping any breakers. The continuity of transformer lockout
relays is continually monitored by indicating lamps located in the Control Room.

The power sources for the d-c emergency power system associated with the Train A load group
are Station Battery 1A and 480-V MCC 1-52C (via Battery Charger 1A). The power sources for
the d-c emergency power system associated with the Train B load group are Station Battery 1B
and 480-V MCC 1-62C (via battery charger 1B). The transfer of a d-c bus between its respective
battery and battery charger can be tested by opening the 480-V breaker supplying power to the
charger, thus simulating a loss of power to the 480-V bus. The d-c system should transfer to the
battery as its source of power. If, after opening the 480-V breaker to the charger the d-c bus
retains its voltage, the transfer was successful.
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8.2.3 EMERGENCY POWER
Sources Description

Power sources for the engineered safety features are 4160-V Bus 1-5 and Bus 1-6. The normal
source of power to Bus 1-5 is the Tertiary Auxiliary Transformer. The Reserve Auxiliary and
Main Auxiliary Transformers provide backup sources, in that order. The normal source of power
to Bus 1-6 is the Reserve Auxiliary Transformer. The Tertiary Auxiliary and Main Auxiliary
Transformers provide backup sources, in that order. Thus, since the normal source of power for

* these buses is the 138/345-kV Kewaunee Substation, no transfer is required in the event of a
turbine-generator trip.

If all other power sources should fail, two diesel gencrators are provided, one connected to
4160-V Bus 1-5 and one connected to 4160-V Bus 1-6. Each of these is a General Motors
Corporation, Electro-Motive Division, Model A-20-C1, diesel engine-generator unit rated at
2600-kW, (2860-kW, 110% Overload, two thousand hours per year) 0.8 pf, 900 rpm, 4160-V,
3 phase, 60 Hertz. The generator has emergency ratings of 2950-kW for seven days continuous
and 3050-kW for thirty minutes per year.

Each diesel generator, as a backup to the normal standby a-c power supply, is capable of
sequentially starting and supplying the power requirements of one complete set of engineered
safety features equipment. The electrical emergency power system logic diagrams are shown in
Figures 8.2-4, 8.2-5, and 8.2-6. The units are located in separate rooms in Class I portion of the
Administration Building. These rooms are heated; assuring that the diesel generators can be
started in cold weather.

Service water for the Diesel Engine Cooling Water Heat Exchanger is supplied from separate
service water headers for Diesel Generator 1A and 1B. The Cooling Water Heat Exchanger is an
engine mounted water-to-water heat exchanger providing cooling for the engine jacket water and
for the engine oil heat exchanger. Vent fans for each room provide a supply of combustion air
into the Diesel Room. Separate startup air receivers and compressors are located just external to
the rooms. Primary and reserve tanks of the air receivers supply compressed air to the dual Air
Start System, the DG cooling water isolation valve actuators, and the Diesel Room Ventilation
and combustion air dampers.

Each diesel generator is automatically started by either one of two pairs of air motors mounted on
each side of the diesel (four air motors per engine). Each unit has its own independent starting
system including a bank of four air storage tanks, two primary and reserve tanks, and one
compressor powered from the 480-V emergency bus. An air cooler/dryer is installed on the
discharge of each air start system compressor. The dry air improves the starting performance of
the diesel engine. The primary or reserve tanks have sufficient storage to crank the engine for
twenty seconds. The generator is capable of being started and ready to accept load in ten
seconds.
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Starting air is admitted from the storage tanks to the starting system through a pressure-reducing
valve to supply air to the starters.

The following describes a typical diesel engine start sequence. The sequence stated assumes the
air start motor priority selector switch is in the #1 position. The air start motor priority selector
switch is typically rotated from set #1 to set #2 on a monthly basis. This ensures even run time
on the air start motors.

When the diesel start signal is initiated, a start attempt is made through air start motor set#1. If
the air start motor set #1 fails to engage within 2 seconds, a second start attempt is made with the
same set of motors. If the air start motors still do not engage, and then after 5 seconds a third
start attempt is made, this time using the second pair of air start motors (set #2). Air start motors
set #2 will continue to attempt to start the diesel generator on a two sccond cycle, until the engine
starts or 15 seconds after the start signal, whichever occurs first. The start signal also initiates
starting of the fuel priming pump and the governor booster pump. If, after fifteen seconds, the
diesel has not reached 200 rpm, a start failure signal opens the fault relay. Starting air is cut off,
the fuel priming and governor booster pump are stopped. Operator action is then required for
further start attempts. The fault relay in the diesel generator room must be reset and any faults
causing the fault lockout must be corrected before the start signal will be effective again.

The start failure relay serves to indicate an abnormally long period of engine cranking without an
engine start (fifteen seconds) and to prevent subsequent engine starting attempts until the cause
of the engine start failure has been determined by operating personnel. The total air capacity
available to crank the engine is twenty seconds per air starter-tank combination.

The following interlocks must be satisfied to automatically start the diesel engine:

a. Enginc mounted LOCAL/REMOTE (AUTO/OFF/MAN) switch must be in REMOTE
(AUTO) position for Diesel Generator 1A(1B). Control Room and local annunciation is
given when this local switch is not in the REMOTE (AUTO) position.

b. Control Room PULLOUT/STOP/AUTO/START switch must be in AUTO position
(maintained position). (The other maintained position of this switch is the PULLOUT
position, which disables the engine starting circuit during engine maintenance).

c. 125-V d-c control power must be available at the diesel engine control panel. (The engine
starters cannot be engaged if control power is not available; loss of control power is
annunciated in the Control Room).

d. The engine must not be running.

e. Air pressure must be available to the starting air system (loss of air pressure on each starting
air system is annunciated locally and in the Control Room).
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The diesel engine interlocks itemized above can be periodically tested as follows:

a. Tumning the engine mounted LOCAL/REMOTE (AUTO/OFF/MAN) switch from the
REMOTE (AUTO) position will alarm the local and Control Room annunciators for Diesel
Generator 1A(1B). Diesel generator operational testing verifies annunciator status; therefore,
any failure to start due to mispositioning of the switch would identify the annunciator failure.

b. The stable PULLOUT position of the Control Room PULLOUT/STOP/AUTO/START
switch is visibly different than the stable AUTO position in that the switch handle is slanted
to the left of its normally vertical position (AUTO) and a distinctive silver colored switch
shaft extension is visible.

c. Opening the 125-V d-c distribution breaker to the engine control cabinet alarms the Control
Room annunciator.

d. Response of the air receiver pressure switches can be tested and calibrated by valving in the
standby air receivers, valving out the on-line receivers, opening the air compressor circuit
breaker, and opening the receiver drain valve until an alarm occurs on the local and Control
Room annunciators.

The motor-driven compressor associated with each diesel is fed from the emergency bus supplied
from the same diesel. The control voltage for each diesel starting system is from its associated
125-V d-c station battery.

An audible and visual alarm system is located in the control room and will alarm off-normal
conditions of jacket water temperature, lube oil temperature, fuel oil level, starting air pressure
and Diesel Generator stator hi temperature (1 of 12 inputs feeding the 4160 Volt Stator
Temperature Hot annunciator). An alarm also sounds if a starting circuit is locked out, a control
switch is not in “auto” position, or d-c power for the controls at the diesel generator is lost. The
alarm in the control room also alerts the operator to other various off-normal conditions
including jacket water expansion tank level and pressure, engine crankcase pressure, and fuel oil
pressure. Local audio and visual alarms are also provided at each diesel generator.

Reference 2 is a safety evaluation in which the NRC has concluded that, based on the review of
submitted information and on-site inspections, the status annunciators for the diesel generators
are acceptable. The review was specifically intended to ensure that any deliberately induced
condition which may disable the diesel generators, and which is expected to occur more
frequently than once per year, is automatically annunciated in the Control Room with devices
worded to alert the operator of their abnormal status.

Two 850-gallon “day” tanks are located in enclosures within each diesel generator room. The
two tanks provide capacity for approximately four hours operation for one generator at full
load. Two 35,000-gallon underground storage tanks supply fuel oil through immersion pumps to
either pair of day tanks. Combined fuel capability of one storage tank and two day tanks would
provide a minimum of 7 days fuel supply for one diesel generator (36,000 gallons of fuel oil),
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thus assuring adequate time to restore off-site power or to replenish fuel. The diesel fuel oil
storage capacity requirements are consistent with those specified in ANSI
N195-1976/ANS-59.51, Sections 5.2, 54 and 6.1. See Reference 3 and Technical
Specification 3.7 for fuel oil storage requirements.

Loading Description

Each diesel generator is automatically started on the occurrence of either of the following
incidents:

a. Undervoltage on the associated 4160-V bus (Bus 1-5 or Bus 1-6) provided that the low
voltage is not caused by a fault which operates the bus lockout relay (see Reference 5 and
Technical Specification);

b. Initiation of a Safety Injection Signal which will start both diesel generators.

With the occurrence of undervoltage on 4160-V Bus 1-5, whose normal source of power is the
Tertiary Auxiliary Transformer, the automatic sequence is as follows:

1) Start Diesel Generator 1A,

2) Close Reserve Auxiliary Source Breaker (BKRS503), if voltage is present. Ifthis source is not
available, then

3) Close Tertiary Auxiliary Source Breaker (BKR501), if voltage is present and BKR611 is
tripped. If this source is not available, then

4) Shed load on the 4160-V and 480-V buses and close Diesel Generator 1A Breaker
(BKR509), if diesel generator voltage and frequency meet established criteria (maximum ten
seconds from diesel engine start signal).

The automatic restoration of voltage sequence for 4160-V Bus 1-6, whose normal source of
power is the Reserve Auxiliary Transformer, is as follows:

1) Start Diesel Generator 1B

2) Close Tertiary Auxiliary Source Breaker (BKR611), if voltage is present and BKR501 is
tripped. If this source is not available, then

3) Close Reserve Auxiliary Transformer Breaker (BKR601), if voltage is present. If this source
is not available, then

4) Shed load onthe 4160-V and 480-V buses and close Diesel Generator 1B Breaker (BKR603)
if voltage and frequency meet established criteria (maximum ten seconds from diesel engine
start signal).
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Once started, the diesel continues to run even though voltage may be restored from an off-site
source of power. Manual shutdown of the diesels by the Control Room operator is always
required (except for engine protection shutdowns).

Circuit breaker interlocks are provided to preclude interconnection of redundant emergency
buses.

Breakers 1-501 and 1-611 allow the load groups associated with Diesel Generator 1A and Diesel
Generator 1B, respectively, to be connected to a preferred power source, the Tertiary Auxiliary
Transformer. This combination of load group connections is referred to in Safety Guide 6,
Section D.2, which states: “A preferred power source bus, however, may serve redundant load
groups”.

Breaker 1-501 must be tripped before Diesel Generator 1A can be automatically connected to
Bus 1-5 and BKR 1-611 must be tripped before Diesel Generator 1B can be automatically
connected to Bus 1-6. Therefore, the redundant standby power sources cannot be automatically
paralleled, satisfying Section D.4a of Safety Guide 6.

Breakers 1-510 and 1-602 provide a bus tie between the load group associated with Diesel
Generator 1A and the load group associated with Diesel Generator 1B. These breakers can be
closed by operator action only. To close BKR 1-510 or BKR 1-602, the following conditions
must exist:

No bus fault on Bus 1-5.

No bus fault on Bus 1-6. _

No fault on cable between 1-510 and 1-602 (as monitored by independent lockout circuits).
Breakers 1-503, 1-501, 1-511, 1-601, 1-610, and 1-611 are tripped.

Either Diesel Generator 1A is supplying power to Bus 1-5 and BKR 1-603 (for Diesel

Generator 1B) is tripped or Diesel Generator 1B is supplying power to Bus 1-6 and
BKR 1-509 (for Diesel Generator 1A) is tripped.

> & > o0

These interlocks provide the necessary isolation as identified in Safety Guide 6 between
redundant load groups.

Breakers 15211 and 16211 are bus tie breakers.

Both breakers can be closed only by operator action. The operator can close BKR 15211 or BKR
16211 only if:

4+ No fault has occurred on either Bus 1-52 or Bus 1-62, and
¢ No fault has occurred on the section of cable between 15211 and 16211, and
¢ Breaker 15201 and/or 16201 is open.
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Breakers 15111 and 16111 can be closed by operator action only. The operator can close
BKR 15111 or BKR 16111 only if:

4 No fault has occurred on either Bus 1-51 or 1-61, and
+ No fault has occurred on the section of cable between 15111 and 16111, and
¢ Breaker 15101 and/or 16101 is open.

Using 4160-V Bus 1-5 and assuming the loss of off-site power, the following steps take place:
a. Start Diesel Generator 1A

b. Trip all4160-V source breakers and the bus tie breaker (BKRs 501, 503, 509, 510 and 511);
c. Trip all 4160-V motor loads (BKRs 502, 504, 506, 507 and 508);

d. Trip selected 480-V loads (BKRs 15203, 15104, 15105, 15108, 15109 and 15212).

e. Close the diesel breaker (BKR 509) after the unit comes up to speed and voltage (maximum
ten seconds from diesel engine start signal).

If there is a requirement for engineered safety features operation coincident with bus
undervoltage, step “e” above is automatically followed by the sequential starting of the
engineered safety feature equipment. A group of equipment is directly connected to the bus (see
Table 8.2-1, Sequence 1.1, 1.2, 1.3 and 1.4) and the loads are picked up by the diesel generators
immediately upon closing of the diesel breakers. This total load is minimal, < 330-kW. (Should
the requirement for engineered safety features operation occur when voltage is present, the diesel
generator is started and this same sequence is followed with the exception that the containment
spray pump is allowed to start immediately if containment Hi-Hi pressure is present.). This
loading sequence for Diesel Generator 1A is as follows (major loads only), continuing from
step “e” (see Table 8.2-1 and Figure 8.2-7):

Max. Time
Lapse (Sec)
f. (Step "0") Motor Operated Valves 0
g. (Step "1") Start Safety Injection Pump 1A 7
h. (Step "2") Start Residual Heat Removal Pump 1A 12
i. (Step "3") Start Shicld Bldg. Fan 1A, Start Zone SV equipment, Start Containment
Spray Pump 1A if containment Hi-Hi pressure is present 20
j.  (Step "4") Start Service Water Pump 1A1 25
k. (Step "5") Start Containment Fan Coil Units 1A/1B 30
1. (Step "6") Start Auxiliary Feedwater Pump 1A 35
m. (Step "7") Start Component Cooling Pump 1A 40
n. (Step "8") Start Service Water Pump 1A2 45
0. (Step "9") Manua! or Auto start of any auxiliary as required for safe plant operation 53
p- (Step "10") Manual or Auto start of any auxiliary as required for safe plant operation 63
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NOTE: “Max Time Lapse” is the maximum time to initiation of closing the branch feeder
breaker following the closure of the diesel generator source breaker. The “Max Time Lapse”
specified above through step “n” is a maximum time that should not be exceeded. The “Max
Time Lapse” specified above for step “0”, as one input to service water isolation to the Turbine
Building, is a maximum time that should not be exceeded. Because all other step “o0” and “p”
loads are defined above as those loads that will manually or automatically start as required, the
“Max Time Lapse” specified above should not be considered absolute with nominal deviation of

minor safety significance.

Starting of the containment spray pumps, initiated by Hi-Hi containment pressure, is
accomplished simultaneously with any of the above steps following the starting of the residual
heat removal pump when the diesel is required to supply power to the bus. When the bus is
supplied from a transformer source the containment spray pump is started immediately on Hi-Hi
containment pressure. The diesel generator automatic loading sequence through step 8, including
10 scconds for engine starting, will be accomplished in approximately fifty-five seconds as
shown by Figure 8.2-7. As stated in Section 14.3.4, the containment pressure analysis assumes a
delay of 137.7 and 85.3 seconds respectively, to supply design containment cooling from
containment spray and fan-coil units.

The automatic sequences for Bus 1-6 and for Buses 1-61 and 1-62 associated with Diesel
Generator 1B are similar to those described for Bus 1-5. Loads to be carried by a diesel
generator are summarized in Table 8.2-1.

Should any of the feeder breakers, associated with the above (safety features) large (non-MCC

feed) pump or fan motors, trip due to overcurrent, they can be re-closed from the control
room. The electrical overload protection for the engineered safety feature fan, pump, and valve

motors are not actually applied as overload protection. The motors are conservatively operated

with respect to their rating and an overload occurs only as a major malfunction. Therefore, the

overload protection isolates the malfunctioning component before it can make the bus breaker

trip, causing loss of power to all other components in that circuit. Overload trip elements on the

reversing starters associated with the various motor-operated valves and non-reversing starters

associated with small pump or fan motors can and must be reset at the motor control centers. If
the diesel generator is overloaded, an alarm is annunciated in the control room. The diesel.
generator is not protected by overload devices.

Load Evaluation
Diesel Generators

Each diesel generator is sized to start and carry the engineered safety features required for a post-
blowdown containment pressure transient.
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Selected generator nameplate data is as follows:

Electro-Motive Division of General Motors Corporation
Model A-20-C1, Serial Nos. 70-J1-1029 and 1039
2400/4160-V, 60 Hertz, Amps 782/452, 3 phase
3250-kVA, Temperature rise 85°C Stator-Thermometer
Temperature rise 60°C, Rotor-Resistance

900 RPM, Power Factor 0.8

3575-kVA Peak, 2000 hours per year

Temperature rise 105°C, Stator-Thermometer
Temperature rise 70°C, Rotor-Resistance.

Insulation Class, H-Stator and F-Rotor
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Additional operating characteristics of the generator follow:

Capable of being started and ready to accept load in ten seconds and capable of being fully
loaded within twenty seconds.

Capable of operating continuously at rated kVA output at any power factor between rated lagging
and unity, at any voltage within £5% of rated voltage.

Capable of tolerating for thirty seconds without injury a three-phase short circuit at its terminals
- when operating at rated kVA and power factor, 5% overvoltage and fixed excitation.

Compliance to Regulatory Guide 1.9
1. Sizing of generator power requirements.
Motors -  All motors are the standard rating above the normal load. The service factor is
added to the motor to cover fan and pump run-out. Checks have been made to
assure the run-out is within the service factor. Motor power requirements were

calculated as follows:

100 hp and larger, at 93% efficiency from manufacturers certified test data and
handbooks. Less than 100 hp, at 88% efficiency from handbook data.

Brake hp was used for larger motors where certified test data was available.
KVA -  Loads for transformers, etc., were calculated at 80% power factor.

Heater-Loads were taken at rated kW.

USAR - Rev. 18
8.2-21 11/01/2003



2. Generating load ratings:

Continuous 3250 kVA 100.0%
Continuons 2600 kW at 0.8 P.F, 100.0%
Overload, 2000 hours per year 2860 kW at 0.8 P.F. 110.0%
Overload, 7 days per year 2950kWat 0.8 P.F. 113.5%
Overload, 30 minutes per year 3050 kW at 0.8 P.F. 117.3%

3. Generator rating criteria:
Regulatory Guide 1.9, dated December 1979 states that:

“Conformance with the requirements of IEEE Std 387-1977, “IEEE Standard criteria for
Diesel Generator Units applied as Standby Power Supplies for Nuclear Power Generating
Stations™, dated June 17, 1977 is acceptable for meeting the requirements of the principle
design criteria and qualification testing of diesel generator units used as on-site electric
power systems for nuclear power plants”.

The IEEE Standard 387-1977 states that:

*5.2.3 Operation Application Rule (see 3.7.1 and 3.7.2). The diesel generator units may be
utilized to the limit of their power capabilities as defined by the continuous and short time
ratings”.

“3.7.1 Continuous Rating - The electric power output capability that the diesel generator unit
can maintain in the service environment for 8760 h of operation per (common) year with only
scheduled outages for maintenance”,

*“3.7.2 Short Time Rating - The electric power output capability that the diesel generator unit
can maintain in the service environment for 2 h in any 24 h period, without exceeding the
manufacturer’s design limits and without reducing the maintenance interval established for
the continuous rating™.

NOTE: “Operation at this rating does not limit the use of the diesel generator unit at its
continuous rating”.

Table 8.2-1 lists the diesel-generator loads and the times that they will sequence on if
required. The maximum connected loads are 3701.4 kW for DG 1A and 3523.3 kW for
DG 1B. Table 8.2-1 also gives a time dependent load list, which shows that the highest
estimated loads are 2919.8 and 2899.1 kW for each respective diesel generator, which occurs
from one to sixty minute into the loading sequence. After adding safeguard station service
transformer loss loads of 25.5 kW and 20.4 kW the maximum diesel generator loads are
2945.3 kW for DG 1A and 2919.5 kW for DG 1B. These loads are both less than the seven- |
day per year overload rating of 2950 kW for the diesel generators.
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Operation of the safeguard diesel generators at frequencies other than 60 hertz, as allowed by
the governor speed setting, have been shown by calculation to be within the various generator
ratings.

The diesel generator ratings given in Item 2 above do not match the Short Time Rating
definition of IEEE Std. 387-1977, as they were determined before 1977. We do, however,
meet the intent of the Standard in that the diesel generators do not exceed the defined (by the
manufacturer) load ratings. Therefore, the requirements of Regulatory Guide 1.9 are met.

4. Generator loading and sequence on safety injection signal is shown in Figure 8.2-7. The time
sequence is after the closing of the diesel generator breaker. The maximum allowable time
lapse for the load to come on was originally specified by Westinghouse and is used to
support transient analysis. The normal time to pick up the load is the automatic timer
setting. Table 8.2-1 lists the specific loads.

The criteria used in determining the a-c loads assigned to the emergency buses were:

a. Those loads, which are essential to safety-related functions and which if the power source
failed, could affect public health and safety.

b. Those loads which if the power source failed would cause severe economic loss or cause the
plant to experience an extended outage.

Batteries and Battery Chargers

Each of the plant's four 125-V station batteries has been sized to carry the expected shutdown
loads following a plant trip and a loss of all AC power for a period of eight hours without the
battery terminal voltage falling below 105 V. The 250-V station battery has been sized to carry
its loads following a plant trip and a loss of all AC power for a period of two hours.

The safeguard batteries (BRA101 and BRB101) arc C and D Charter Power Type LCR-19 1304
AH (8 hour), 1054 AH (3 hour), 647 AH (1 hour), and 1234 AH (1 min.). Major loads, with
their approximate operating times on each battery, are listed in Table 8.2-2. The non-safeguard
batteries (BRC101 and BRD101) are Exide Corp. Type FTC-21 1680 AH (8 hour), 1236 AH
(3 hour), 750 AH (1 hour), and 1260 AH (1 min.). The 250-V non-safeguard battery (BRE101)
is a C and D Power Systems Type 2LCR-15, 700 AH (2 hour).

Each of the three safeguard battery chargers has been sized to recharge either of the above
partially discharged safeguard batteries within twenty-four hours, while carrying its normal
load. Partially discharged is defined as any condition between fully discharged (105-V) and
nominal (125-V). Normal voltage when on charger is 129 to 135-V (2.19 to 2.29-V per cell).

The battery chargers are each supplied with a d-c ammeter to continuously indicate the charger’s
current output. Each battery charger is also supplied with a d-c voltmeter on the line side of the
charger output circuit breaker. This voltmeter will indicate the charger or battery voltage
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whichever is higher. A d-c ammeter on each of the main load side buses of the batteries
continually indicate the total load current on each battery train. On a monthly basis the specific
gravities of the pilot cells are checked and recorded.

The actual charge stored in the batteries can be related to the monitored parameters in the
following ways:

a. The batteries are of the lead calcium type and are floated at 132-V d-c. As long as the
specific gravities of the cells are at least 1.200 and the d-c voltmeter reads 132-V then the
battery is considered fully charged.

b. The battery chargers are each rated at 150-ampere d-c output and will supply the plant load
under normal conditions. The current-limiting feature on these chargers is set at
approximately 172.5 amperes. In a situation when the ammeter on the battery main bus reads
above 0.0 amperes then the battery would be discharging as indicated on the main bus
ammeter.

Since the battery and charger share the loads on the bus under the normal condition, the battery
must have sufficient ampere-hour capacity to carry the total loads consisting of two classes as
follows:

a. The momentary load, such as closing and tripping of switchgear, involves the one-minute
rating of a battery, though the time duration of the operation is but a few cycles.

b. The continuous load usually involves the battery's three to eight-hour rating, although longer
time periods are sometimes used. The load consists of indicating lamps, holding coils for
relays and any other equipment continuously drawing current from the control bus.

Reliability Assurance

The electrical system equipment is arranged so that no single incident can inactivate cnough
engineered safety features equipment to jeopardize plant safety. The 4160-V equipment is
supplied from 6 buses, the 480-V equipment from 11 buses.

All Class 1E electrical equipment complies with IEEE Standard 344-1971, Trial Use Guide for
Seismic Qualification of Class I Electrical Equipment for Nuclear Power Generating Stations.

Two separate off-site power sources serve the 4160-V buses supplying power to the engineered
safety features equipment. One ofthese is from the 138-kV portion of the substation; the second
is from the tertiary winding of the substation autotransformer via an underground 13.8-kV circuit
to the plant. :

Separation is maintained in both the 4160-V and the 480-V systems to allow the plant auxiliary
cquipment to be arranged electrically so that redundant items receive power from two different
buses.
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For example, one complement of engineered safety features equipment is supplied from Bus 1-5
(4160-V) and Buses 1-51 and 1-52 (480-V) while the other complement is supplied from Bus 1-6
(4160-V) and Buses 1-61 and 1-62 (480-V). The cable tray system for one complement is
independent of the cable tray system for the other complement; there are no crossties. This
design assures the separation and independence of the two systems.

One off-site source of power can supply sufficient power to run normal operating
equipment. Any one of the four transmission lines can supply all the plant auxiliary power. A
low-voltage station auxiliary transformer can supply all the auxiliary loads for the plant.

Each diesel generator has capacity enough to sequentially start and run a fully loaded set of
engineered safety features equipment. These safety features can adequately cool the core for any
loss-of-coolant incident, and maintain the containment pressure within the design value.

One battery charger is in service on each battery so that the batteries are always at full charge in
anticipation of loss of a-c power. This insures that adequate d-c power is available for starting
the diesel generators and for other emergency uses.

The physical barrier provided between the emergency diesel engine generator sets consists in part
of a Class I reinforced concrete wall 18 inches thick and the remainder a reinforced concrete
block wall 12 inches thick. The doors and ventilation exhaust louvers are all Underwriters’
Laboratories construction. All other openings in the barrier are sealed with fire retardant
materials to maintain fire separation of the two diesel generator units.

The only potential for an explosion in the diesel generator rooms exists within a diesel engine
crankcase. The rooms have sufficient volume and arc vented to preclude a pressure rise that
would endanger the integrity of the room walls.

In the event of a service water line break in the arca between diesel generator rooms some water
leakage would occur into the diesel generator rooms. Leakage through the door into diescl
generator room 1B would flow to the floor drain if enough water was present to overflow the
curb. Leakage through the door and through the trench into diesel generator room 1A would
flow to the trench drain. All other openings into the diesel generator rooms from the tunnel are
at higher elevations.

Both diesel generator rooms have double doors appropriately strengthened to prevent possible
flooding. The trench into diesel generator room 1A was plugged to restrict leakage into the
room.

Water flowing from the hypothetical service water line break would return to the screenhouse
along the floor of the tunnel. Water entering the screenhouse would drain to the circulating
water pump elevation where approximately 382,000 gallons are required to flood to the 586-foot
elevation. Maximum possible service water pump run-out for two pumps would be less than
20,000 gpm total. The operator has over nineteen minutes to respond to the low service water
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pressure alarm on one header, isolate that header from the auxiliary building and then trip the
pumps.

The rupture of a service water line in an Emergency Diesel Generator Room could result in the
loss of the generator or the Safeguards bus in that room. Administrative operation from the
Control Room of Type I Service Water valving would isolate the break and if required, realign
the Service Water supplies through the intact piping from the operating Service Water Pumps.

Surveillance Requirements

The monthly tests specified for the diesel generators will demonstrate their continued capability
to start and carry rated load. The fuel supplies and starting circuits and controls are continuously
monitored, and abnormal conditions in these systems would be indicated by an alarm without
need for test startup (Reference 2).

The less frequent overall system test demonstrates that the emergency power system and the
control system for the engineered safety features equipment function automatically in the event
of loss of all other sources of a-c power, and that the diesel generators start automatically in the
event of a loss-of-coolant accident. This test demonstrates proper tripping of motor feeder
breakers, main supply and tie breakers on the affected bus, and sequential starting of essential
equipment, to the extent possible, as well as the operability of the diesel generators.

The specified test frequencies provide reasonable assurance that any mechanical or electrical
deficiency is detected and corrected before it can result in failure of one emergency power supply
to respond when called upon to function.

Station batteries will deteriorate with time, but precipitous failure is extremely unlikely. The
continuous and periodic surveillance performed on the batteries will demonstrate battery
degradation long before a cell becomes unserviceable or fails.

If a battery cell has deteriorated, or if a connection is loose, the voltage under load will drop
excessively, indicating need for replacement or maintenance.

STATION BLACKOUT
Introduction

On July 21, 1988 the Code of Federal Regulations 10 CFR Part 50, was amended to include a
new Section 50.63 entitled, “Loss of All Alternating Current Power”, (Station Blackout). The
station blackout (SBO) rule requires that each light-water-cooled nuclear power plant be able to
withstand and recover from an SBO of specified duration.
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Station Blackout Duration

The Kewaunee SBO duration is 4 hours, based on a plant AC power design characteristic Group
P1, an emergency AC (EAC) power configuration Group C, and a target Emergency Diesel
Generator (EDG) reliability of 0.95 (see NRC SER in reference 4).

Alternate AC (AAC) Power Source

The existing Technical Support Center (TSC) diesel generator will be used as an AAC
source. The TSC diesel generator is an independent, non-class 1E, 600 kW (1000 hr/year
standby rating) diesel generator that provides emergency power to 480-V Bus 1-46 for TSC
equipment. For SBO purposes, a connection can be made between this bus and the 480-V safety
Bus 1-52. Normal isolation between the two buses is provided by a Class 1E breaker at Bus 1-52
and a non-class 1E breaker at Bus 1-46. For SBO, sclected non-essential loads will be stripped
from each of the two buses and the two breakers will close to provide power to essential loads on
both buses. The total load to be powered within 1 hour following the onset of the SBO is
calculated to be approximately 587 kW.

Condensate Inventory

The Technical Specifications (TS) provide for a minimum of 39,000 gallons of condensate
inventory. This is sufficient for 4 hours of decay heat removal.

Class 1E Battery Capacity

Battery capacity calculations exist for the BRA101 and BRB101 Class 1E batteries and on the
BRD101 non-class 1E battery. They are based on the IEEE-485 methodology and a duty cycle of
8 hours. The 8-hour duty cycle capability has been verified by test per the guidance of
IEEE 450-1987. Based on the above, the batteries are adequate, with considerable margin for the
required 4-hour SBO duration.

Compressed Air

The air-operated valves relied upon to cope with an SBO event for 4 hours will be equipped with
DC powered solenoid valves and backup air (nitrogen) supplies.

Effects of Loss of Ventilation

Steady state heat-up analyses were performed to determine the effects of loss of ventilation in the
battery rooms, control room, relay room, charging pump room, turbine driven auxiliary feedwater
pump room, containment and steam generator power operated relief valve areas. The calculated
steady state temperatures for these rooms are well below the temperature limits described in
NUMARC 87-00, Section 2.7. Kewaunee has procedures and operator training to ensure
opening of doors #45 and #48 to Battery Rooms 1A and 1B, respectively, and relay room cabinet
doors within 30 minutes of the onset of an SBO event.
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Containment Isolation

Table 5.2-2, “Containment Penetrations” in the Updated Safety Analysis Report has been
reviewed in accordance with the guidelines described in NRC Regulatory Guide (RG) 1.155 to
ensure that appropriate containment integrity will be provided during an SBO event.

Reactor Coolant Inventory

The TSC diesel generator will power one of two charging pumps each having a capability of
supplying water at the rate of 60 gpm. This will provide makeup for a total of 50 gpm reactor
coolant pumps seal leakage (25 gpm per pump) and 10 gpm reactor coolant system leakage
(maximum allowed by the TS). The water supply for the pumps will be from the refueling water
storage tank, which has a TS minimum of 272,500 gallons of water.

Procedures and Training

Operator actions will be required for an SBO event. In addition to the opening of selected room
and cabinet doors, and the valve operations required to align the charging pump and AFW pump,
a number of electrical breaker operations are required to shed loads not required during an SBO,
and to align the TSC diesel generator to the required loads.

The physical location of the buses and MCCs involved are in close proximity to each other. The
inability of an operator to open any single motor control center (MCC) breaker will not result in
the TSC diesel generator exceeding its overload rating. In addition to proceduralized operator
actions and training provided to individuals, the breakers which are required to be opened are
also locally identified.

The actions required during an SBO event can be accomplished in the 1-hour time frame
specified for the AAC source to power the SBO loads.

SBO Modifications

An air (nitrogen) supply has been provided for RCS inventory valve CVC-7 in order to provide
control room control of the amount of charging flow to the reactor coolant loop versus the reactor
coolant pump seals.

The steam generator power operated relief valves SD3A and SD3B have each been equipped
with a DC solenoid valve and a backup air (nitrogen) supply. Additional lighting has been
provided at MCC 1-52E (charging pump 1A) and outside of Battery Room A.

Quality Assurance and Technical Specifications

The QA type 2 classification is consistent with the requircments of RG 1.155, Section 3.5.
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EDG Reliability Program

The EDG reliability program, including the TSC diesel generator, meets the intent and guidance
provided in RG 1.155, Section 1.2,
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8.2

8.2.1

ELECTRICAL SYSTEM
NETWORK INTERCONNECTIONS

Electrical energy generated at 20-kV is transformed to 345-kV by the Main Transformer, a bank
of three single-phase units, which in total are rated at 580-mVA. 1t is delivered through a
345-kV, 25,000-mVA (interrupting rating), 1600-ampere (552-mVA) circuit breaker to the
345/138-kV switching station located at the plant site, as shown in Figure 8.2-1. The electrical
output is integrated into the American Transmission Company’s 345-kV and 138-kV
transmission systems. These systems are interconnected at the plant site substation by a
transformer rated at 300 mVA. The 345-kV transmission system has interconnections with
Northern States Power Company. Two 345-kV transmission lines are connected to the plant
switching station and are on separate line structures in order to minimize the possibility of losing
more than one circuit at a time. Either line is capable of carrying the full output of the
generator. In addition, two 138-kV lines are connected to the plant switching station from the
138-kV grid system. These two lines together are capable of carrying the full output of the
generator, but would be limited by the 300-mVA Autotransformer on a loss of both 345-kV
lines.

An analysis of the integrated 345/138-kV power system has been made and shows that a fault on
any one of the transmission lines, any bus section at the Kewaunee Substation, or the loss of the
Kewaunee generator will not cause a cascading failure on the transmission system, thereby
insuring an off-sitc power supply to the plant for any of the aforementioned failures. (Sce
Stability Study in Reference 6).

The centerline of the two 138-kV lines is 265 feet south of the southern-most two 345-kV lines
on a separate right-of-way as they leave the plant property. About one-half mile west of the
substation the two 345-kV lines turn: one, line R-304, goes north and the other, line Q-303, turns
south at a dead-end tower. Line Q-303 crosses over both 138-kV lines, one before the dead-end
tower and one after (see Figure 8.2-1a). Since dead-end tower failure is not considered a credible
accident, failure of a 345-kV line structure at some point could only cause a failure of one
138-kV line. There is no area where a failure of a 138-kV line structure can cause a failure of
either 345-kV line. Thus, there is no single failure that can disable more than two lines. This
results in three pairs of physically independent sources of offsite power (see NRC SER in
Reference 1).

The 138-kV overhead transmission line from the substation into the plant on-site distribution
system through the Reserve (Startup) Auxiliary Transformer is bifurcated at the substation to
connect to either the East or West 138-kV buses. Each leg of the bifurcation is separated from
the respective bus with a 138-kV oil circuit breaker. The controls for the 138-kV breakers are
separated into two distinct 125-V d-c branch circuits; one serving the breaker closing circuit and
one of the two trip circuits with the primary relaying; the other serving the second trip coil and
the backup relaying. These breakers are manually controlled from the plant Electrical Vertical
Panel A.
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Similar connections to the East and West 138-kV buses are made to the 345-138-kV
autotransformer, which can be used to energize the autotransformer if the need arises. These
breakers are manually controlled from the plant Electrical Vertical Panel A, or local control in
the substation control house and by operator choice can be transferred to system operating office
supervisory control.

The West 138-kV bus is connected to a capacitor bank with a 138-kV oil circuit breaker (see
Figure 8.2-1). Each of the four-capacitor banks have switching devices. The breaker and
switching devices are normally under system operating office supervisory control and by operator
choice, can be transferred to control from Electrical Vertical Panel A.

The 345-kV system can be and normally will be used to energize the 345-138-kV
Autotransformer. The 345-KV oil circuit breakers are controlled similar to the East and West
138-kV bus oil circuit breakers described above.

The tertiary winding of the autotransformer is used to furnish power to the 13.8-kV Tertiary
Auxiliary Transformer via an underground insulated power cable. This cable becomes the
second of the two physically independent circuits to provide off-site power to the on-site
distribution systems.

Both of the above circuits will normally be energized at all times and will be connected to one or
the other of the engineered safeguards buses at all times. Thus, loss of the reactor, turbine
generator, Main Station Auxiliary source of power does not even require a transfer for the
safeguards buses. In the case of an engineered safeguards bus energized by one of the on-site
power sources, i.e., the diesel-generator, and subsequent loss of the diesel-generator, the
automatic transfer system will search for a transformer source and automatically close in its
breaker. The above postulated condition could only occur after a loss of all off-site power and
subsequent restoration of at least one source, prior to manual operator actions per emergency
instructions.

Thus, loss of power from the nuclear unit should not affcct the availability of power from the two
off-site transmission circuits or the two standby power sources. Loss of either transmission
circuit should not affect the other transmission circuit, the two standby power sources or the
nuclear unit as a source. Finally, loss of one or both of the standby power sources should not
affect the availability of the transmission sources or the nuclear unit.

Substation D-C System

The substation d-c system consists of two separate systems; the 48-V d-c distribution system
furnishing power to the solid-state relay systems and the 125-V d-c distribution system
furnishing control power and additional electro-mechanical and microprocessor based relay
systems.

The 48-V d-c distribution system consists of redundant battery chargers, one battery and two
distribution cabinets.
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8.2.2

The 125-V d-c distribution system consists of redundant battery chargers, one battery and four
distribution cabinets.

The battery chargers are furnished with a-c and d-c (output) failure relays and redundant a-c
sources. High and low voltage alarms are provided for the d-c circuit.

The 125-V d-c distribution system is arranged so that the two circuits used to control each high-
voltage circuit breaker emanate from different distribution cabinets. Each branch circuit in the
three breaker distribution cabinets is individually monitored and alarmed on loss of d-c
voltage. These alarms are displayed in the substation control house and are transmitted to the
plant control room annunciator as a substation alarm. The branch circuits in the fuse distribution
cabinet are not individually monitored and alarmed on loss of d-c voltage. A loss of power to
any of the microprocessor based relays fed from the fuse cabinet would be indicated locally on
the relay and transmit an alarm to the transmission system operator. The overall effect is that of
a dual supply to the high-voltage breaker control trip elements with alarm should any portion of
the supply system become abnormal.

The oil circuit breakers can close on 90-V d-c and trip on 70-V d-c. Each battery charger is
equipped with a low voltage alarm set at 122-V d-c. The battery is considered to be fully
discharged when the voltage reaches 105-V d-c. The actual closing energy is supplied from air
compressors also integral with each circuit breaker. The air compressors are a-c powered. The
storage cylinders have sufficient capacity when fully charged for five operations if a-c were
lost. These breakers can be manually tripped at the breaker.

Loss of the substation battery and a concurrent fault on one of the transmission lines wherein the
plant would continue to supply power to the fault is a set of postulated conditions, which would
lead to an undetected failure. Under these postulated conditions, the fault would clear when the
transmission-line remote terminal breakers opened. The Kewaunee breakers can be manually
tripped and, thus, isolatc the fault, thereby restoring off-site power to the plant via the remaining
transmission lines.

Thus, given an undetected failure, the capability to clear and restore off-site power to the
Kewaunee plant will not be lost, and the restoration of off-site power (assuming the grid is
available) will be made within the time period (seven days) in which the plant can be maintained
in a safe condition without off-site a-c power.

PLANT DISTRIBUTION SYSTEM
The Auxiliary Electrical System is designed to provide a simple arrangement of buses requiring

the minimum of switching to restore power to a bus in the event that the normal supply to that
bus is lost.
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Single Line Diagrams

The basic components of the plant electrical system are shown on the Single Line or Circuit
Diagrams, Figures 8.2-2 and 8.2-3. These figures show the 20-kV, 4160-V, 480-V and
instrument bus a-c systems and the 125-V and 250-V d-c systems. In addition, Figures 8.2-1,
8.2-2 and 8.2-3 show the basic elements of the 13.8-kV, 138-kV and 345-kV substation systems.

Main Auxiliary, Reserve Auxiliary and Tertiary Auxiliary Transformers

The plant turbine-generator serves as the primary source of auxiliary electrical power during “on-
“ the-line” operation. Power is supplied via a 20-4.16-kV, thrce-winding, Main Auxiliary
Transformer, which is connected to the main leads from the turbine generator.

The primary sources of electrical power for the auxiliarics associated with engineered safety
features during “on-the-line” operation of the plant are the Reserve Auxiliary Transformer and
the Tertiary Auxiliary Transformer. Power is normally supplied to one bus (Bus 1-6) through the
138-4.16-kV, three-winding Reserve Auxiliary Transformer which is connected to the 138-kV
portion of the Kewaunee Substation. Power is normally supplied to the second bus (Bus 1-5)
through the 13.8-4.16-kV, two-winding Tertiary Auxiliary Transformer which is connected, by
an underground line, to the 13.8-kV tertiary winding of the 345/138/13.8-kV auto transformerin
the Kewaunee Substation. Either source can supply both buses.

Auxiliary power required during plant startup, shutdown and after reactor trip is supplied from
the 13.8/138/345-kV Kewaunee Substation via the Reserve Auxiliary and Tertiary Auxiliary
transformers, After turbine-generator trip, the auxiliaries on the 4160-V buses being fed by the
Main Auxiliary Transformer are transferred by a fast bus transfer scheme using stored energy
breakers to the Reserve Auxiliary Transformer. Control power for the plant auxiliary breakers is
supplied by the plant batteries. The high-side (substation) breakers use the substation battery for
control power.

4160-V System

The 4160-V system is divided into six buses, as shown in Figure 8.2-2. Buses 1-1 and 1-2 are
connected via bus main breakers to the Main Auxiliary and Reserve Auxiliary
Transformers. These buses supply power to the Reactor Coolant Pumps and the Feedwater
Pumps.

Buses 1-3 and 1-4 are also connected via bus main breakers to the Main Auxiliary and Reserve
Auxiliary Transformers. These buses supply power to the normal balance-of-plant auxiliaries,
and each bus supplies power to three 4160 - 480-V station service transformers. A fourth
transformer connected to bus 1-4 supplies power to the Technical Support Center. In addition,
the Circulating Water Pumps, Condensate Pumps and the Heater Drain Pumps are directly
connected to buses 1-3 and 14,
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Buses 1-5 and 1-6 are connected via bus main breakers to the Main Auxiliary, Reserve Auxiliary,
and Tertiary Auxiliary Transformers. In addition, each bus is directly fed via a main breaker by a
diesel generator. The two buses are tied together via two bus tiebreakers in series, one on each
bus. Each bus supplies two of the four 4160 - 480-V station service transformers for the plant’s
480-V engineered safety features equipment. In addition, the Service Water Pumps, Auxiliary
Feedwater Pumps, Safety Injection Pumps and the Residual Heat Removal Pumps are directly
connected to buses 1-5 and 1-6.

Bus 1-5 is normally supplied from the Tertiary Auxiliary Transformer and Bus 1-6 is normally
supplied from the Reserve Auxiliary Transformer. Thus, no transfer is required for the
engineered safety features in the event of an incident.

The bus tie breakers between Bus 1-5 and Bus 1-6 can only be manually closed, but are
interlocked so that the diesel generators cannot be operated in parallel.

480-V System

The 480-V system is divided into 11 load center or switchgear buses, as shown in
Figure 8.2-2. Those fed from 4160-V buses 1-3 and 1-4 serve balance-of-plant loads, those fed
from 4160-V buses 1-5 and 1-6 serve the loads associated with the engineered safety features
equipment.

Transformers 1-32 and 1-42 are connected to 4160-V buses 1-3 and 1-4,
respectively. Transformer 1-32 feeds 480-V bus 1-32; transformer 1-42 feeds 480-V
bus 1-42. These components including the 480-V bus tie are assembled as a conventional,
double-ended switchgear unit. In a similar manner buses 1-33/1-43 and 1-35/1-45 are connected
to 4160-V buses 1-3 and 1-4. Bus 1-46, supplying the TSC, is connected to 4160-V bus 1-4.

The various motor control centers throughout the plant arc then connected to these switchgear
buses.

The power required for the 480-V engineered safety features and other vital plant loads is
supplied from four 480-V buses fed from 4160-V buses 1-5 and 1-6. Transformer 1-51 is fed
from 4160-V bus 1-5 through breaker 1-505 and supplies bus 1-51. This transformer, bus and
breakers, including one bus tie, are assembled as a switchgear unit. In a similar manner, bus
1-52 is also connected via breaker 1-505 to 4160-V bus 1-5.

The large 480-V engineered safety features motors are connected to bus 1-51. Motor Control
Centers supplying the smaller loads are fed from bus 1-52.

A redundant 480-V system is supplied by 4160-V bus 1-6 through 4160-V breaker 1-607.
MCC 1-5262 may be fed from either 480-V switchgear bus 1-52 or 480-V switchgear bus 1-62

through breakers 15209 or 16209 respectively, via a manually operated transfer switch. 480-V
switchgear bus 1-52 may ultimately be fed from on-site power source Diesel Generator 1A and
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480-V switchgear bus 1-62 may ultimately be fed from on-site power source Diesel
Generator 1B. 480-V MCC 1-5262 does function as a swing bus between the two redundant on-
site power distribution systems as discussed in Safety Guide 6. However, the mechanical
operation of this switch allows MCC 1-5262 to be connected to only one 480-V switchgear bus
at a time. Hence the redundant 480-V switchgear buses can never be paralleled through the
operation of this switch. Therefore, the transfer of MCC 1-5262 does conform to the criteria
outlined in Safety Guide 6. Furthermore, the components fed from MCC 1-5262 are not part ofa
redundant load group. The components are:

Turbine Tuming Gear

Turbine HP Hydrogen Seal Oil Backup Pump

Condensate Bypass All Heaters to Feedwater Pumps Motor-Operated Valve
Waste Gas Compressor 1B

Station and Instrument Air Compressor 1A

> S S >0

The intent of the transfer switch is to provide maintenance flexibility for these loads.

It should also be noted that 480-V switchgear buses are each protected from the transfer switch
_ with a breaker.

The automatic transfer switch associated with MCC 1-52E provides BRA-106 with two possible
sources of power, MCC 1-52E or MCC 1-52C. However, both MCC 1-52E and MCC 1-52C are
associated with the same on-site power source (Diesel Generator 1A). Therefore, the transfer is
not between power systems of redundant load groups and does not fall into the category of swing
buses discussed in Safety Guide 6.

Likewise, the automatic transfer switch associated with 1-62E allows BRB-106 to be fed from
either MCC 1-62E or MCC 1-62C. These MCCs are both within the same load group.

125-V and 250-V D-C System

The 125V and 250-V DC system is divided into five buses (two safeguard and three non-
safeguard, see Figure 8.2-3) each with one battery and a battery charger, distribution panels and
inverters. Components prefixed with BRA and BRB make up the safeguard DC system and
those prefixed with BRC, BRD and BRE make up the non-safeguard system.

The DC power requirements of the engineered safety features (ESF) and other vital plant loads
are supplied by the safeguard batteries (numbered BRA-101 and BRB-101). Each safeguard
battery consists of 59 cells, each of which are the lead calcium type. The batteries are rated 125V
DC, 1304 ampere-hours at the eight-hour rate without discharging below 1.78V per cell. Two
main DC distribution panels (BRA-102 and BRB-102) are fed from these batteries via main
fuses. The main distribution panels connect the battery to the battery charger, to the sub-
distribution panels, and allow for the interconnection of the two buses through the bus
tiebreakers.
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BRA-102 supplies sub-distribution panel BRA-104. BRA-104 in tumn supplies the control and
excitation power for diesel generator 1A, the control power for ESF buses 1-5, 1-51, and 1-52,
control and power to one-half of the redundant essential plant equipment required for safe
shutdown in the event of loss of AC power and provides a standby power source for the
safeguard inverters BRA-111 and BRA-112.

BRB-102 supplies sub-distribution panel BRB-104. BRB-104, in turn, supplies the control and
excitation power for diesel generator 1B, the control power for ESF buses 1-6, 1-61, and 1-62,
control and power to one-half of the redundant essential plant equipment required for safe

shutdown in the event of loss of AC power and provides a standby power source for the
safeguard inverters BRB-111 and BRB-112.

The balance of plant DC power requirements are supplied by three non-safeguard batteries
(designated BRC-101, BRD-101 and BRE-101). Batterics BRC-101 and BRD-101 each consist
of 59 cells and are of the lead calcium type, rated at 125V DC, 1680 ampere-hours at the eight
hour rate to reach 1.78V per cell. Battery BRE-101 consists of 120 cells of the lead calcium
type, rated at 250 V d-c, 694 ampere-hours at the two hour rate to reach 1.75V per cell. Each
battery is connected to a main distribution panel (BRC-102, BRD-102 and BRE-102). The main
distribution panel connects each battery to a battery charger, sub-distribution panel, bus tie (125V
d-c batteries only) and inverter(s).

Distribution panels BRC-102 and BRD-102 supply sub-distribution panels BRC-103 and
BRD-103, respectively. Panel BRC-102 is also a standby source for inverter BRC-109. The
BRC and D-103 panels, in turn, supply Technical Support Center diesel generator control and
excitation power, control power for non-ESF buses 1-1, 1-2, 1-3, 1-4, 1-32, 1-33, 1-35, 1-42,
1-43, 1-45, and 1-46, other non-safety related equipment sensitive to a loss of AC power and are
a standby source for inverter BRD-109 and a proprictary inverter.

Distribution panel BRE-102 supplies AC drive units BRE-109 and BRE-110, which convert the
250V d-c input power to 230-V a-c output power for the turbine emergency oil pump and air side
seal oil backup pump motors.

Each of the five battery buses is served by one connected battery charger. Each safeguard battery
has provisions for connection of a spare portable charger. The spare safeguard charger can be
moved to its designated mounting in either safeguard battery room and connected to the DC bus
in the event of charger failure. The battery life to minimum voltage under maximum load will
allow sufficient time to make this connection. The non-safeguard spare charger is permanently
mounted between the normal 125V d-c chargers and can be connected to either bus as
required. There is no spare 250V d-c charger.

The two bus tie breakers between 125-V d-c distribution cabinet BRA-102 and 125-V d-c
distribution cabinet BRB-102, are manually operated. These breakers are strictly
administratively controlled to prevent them from being closed during plant operation.
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Instrument Bus

The 120-V a-c instrument supply is split into several buses as shown on the one line diagram
Figure 8.2-3. There are four independent instrument buses, each fed by an inverter which, in
turn, is fed from each of the d-c buses. A fifth independent non-interruptible bus, fed by an ESF
motor control center, supplies the rod position indicators. The sixth and seventh independent
buses, each fed by an inverter, supply the plant process control computer and cabinet BRD-115,
respectively. There are two additional independent buses; each fed from an ESF motor control
center through a transformer.

Evaluation of Layout and Load Distribution

The physical location of electrical distribution system equipment is such as to minimize
vulnerability of vital circuits to physical damage as a result of accidents.

The Main Auxiliary, Reserve Auxiliary and Tertiary Auxiliary Transformers are located outdoors
and are physically separated from one another by firewalls. Each transformer cell, formed by the
firewalls, has an automatic water spray system to extinguish and prevent the spread of fires.

The 4160-V switchgear and 480-V load centers are located in areas which minimize their
exposure to mechanical, fire and water damage. This equipment is coordinated electrically to
permit safe operation of the equipment under normal and short-circuit conditions.

The 480-V motor control centers are located in the areas of electrical load concentration. Those
associated with the turbine-generator auxiliary system in general are located in the Turbine
Building. Those associated with the nuclear steam system are located in the Auxiliary Building.

The application and routing of control, instrumentation and power cables are such as to minimize
their vulnerability to damage from any source. The construction design drawings had second
level review in accordance with the Kewaunee Construction Quality Assurance Program.

All cables are specified using conservative margins with respect to their current-carrying
capacities, insulation properties and mechanical construction. The power conductors are three
conductor, galvanized armored and installed in a single layer in ladder type cable trays, and
clamped to insure that ample ventilation spacing is maintained throughout the run.

Bulk control power supply cables are treated as noted in the previous paragraph.

Control cables normally employ minimum size of #12 AWG when run in multi conductor cables
in control trays. As there are few continuous loads on these circuits no attempt was made at
derating. Continuously loaded circuits (current transformer secondaries) are sized by burden
requirements of the circuit. In special cases #14 AWG multi-conductor control cable was
allowed in cable trays. In these identified cases, a safcty evaluation has been performed. Special
cases may continue to allow #14 AWG multi-conductor cable to be used. These will require a
safety evaluation and approval by the responsible engineer.
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Cables that are run in trays have fire resistant jackets. Safety-related cables meet the
environmental qualifications required by 10 CFR 50.49. Appropriate instrumentation cables are
shielded as required to minimize induced-voltage interference. Wire cables related to engineered
safety features and reactor protective systems are routed and installed to maintain the integrity of
their respective redundant channels and protect them from physical damage.

Supports and cable trays for safety feature power cable systems are designed for 100% loading
plus the forces generated by a seismic disturbance. Other cable systems are designed for 100%
loading. The ladder fill is restricted to one layer, clamped in place to maintain 2 to 12 inch
spacing between cables.

Cable trays for control and signal cable support systems and other safety-related systems are
designed for forces generated by a seismic disturbance assuming maximum fill. Other cable
systems are seismically designed for maximum fill. The tray fill is restricted to 50% of the tray’s
cross sectional area for safety-related cable and 60% for non-safety related cable.

Separation Criteria

Cable separation provides sufficient isolation between redundant systems so that no single failure
or electrical incident can render both redundant systems inoperable or remove them from service.

To assure complete separation of Class IE circuitry that initiates and controls the transfer of
power sources to the emergency a-c and emergency d-c distribution system, the following cable
and cable tray separation techniques are used:

a. Each tray section of the cable tray system has an identifying code indicated on the electrical
design drawings and this same identification is stenciled on the tray after it is
installed. Stenciling is applied at each straight section of tray where the identifying code
changes.

On the electrical design drawings, the trays arc identified by a number placed in a rectangular
symbol. The trays used for the redundant safeguards equipment are further identified with a
vertical line adjacent to the tray name symbol.

The identifying code contains the designation “S5” or ‘S6” where applicable to identify the
safeguard train.

b. The two Safeguard tray systems are independent of each other such that they are physically
separated a minimum of 3 feet horizontally and 3 feet vertically, except in the Relay Room
where 1-foot minimum horizontal and vertical separation is required.

c. Each electrical cable has an identifying code indicated on the electrical design drawings and
cable routing lists. This same cable number is affixed at each end of the cable with
permanent tags.
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The identifying code is based on the following systems.

The cable codes for the 4160-V switchgear; the 480-V switchgear and the 480-V motor
control centers are a combination of letters and numbers that form a four part coding
containing:

Unit Number 1

Source of Power

Power or Control

A serially assigned number which provides uniqueness.

> & >

A “5” in the second digit from the left is a cable in the “Safeguards 5” system; a “6™ a cable
in the “Safeguards 6" system (Example 1S5 xxx or 1S6 xxx). :

Normal cable being fed from safeguards distribution equipment should have cable codes
starting with INP followed by a serially assigned number which provides uniqueness. Some
normal cables remain with their original safeguards power source type cable codes, since no
comprehensive re-labeling program was implemented.

Redundant circuitry for reactor protection and enginecered safety systems are separated into
groups as follows.

Class IE cables are divided into the following groups:

¢

Group 1 (color code red)
Red Instrument Channel
Instrument Bus 1

Group 2 (color code yellow)
Yellow Instrument Channel
Instrument Bus IV

Group 3 (color code green)
Safeguard Train A, Battery 1A, Diesel Generator 1A, 4160-V Bus 1-5, 480-V Bus 1-51,
480-V Bus 1-52 and its associated Motor Control Centers.

Group 4 (color code blue)
Blue Instrument Channel
Instrument Bus III

Group 5 (color code white)
White Instrument Channel
Instrument Bus 1T
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¢ Group 6 (color code orange)
Safeguard Train B, Battery 1B, Diesel Generator 1B, 4160-V Bus 1-6, 480-V Bus 1-61,
480-V Bus 1-62 and its associated Motor Control Centers.

Each group is run in a separate tray, ladder, trough or conduit. These trays are identified on
electrical drawings for engineered safety features, and are marked and color-coded on the actual
hardware. All trays for the engineered safety feature equipment are Class I structures.

Within containment the tray systems for the four reactor protection instrument channels are
separated 3 feet horizontally where they involve 2/4 logic and are separated approximately 20
feet where they involve 2/3 logic. Vertical separation is 5 feet where practical, and where
impractical, barriers are installed. These barriers are solid metal covers on the lower trays.

For the non-Class-IE systems throughout the remainder of the plant, trays installed in stacks are
spaced vertically with a minimum of 12 inches bottom to bottom in all areas. However, Class IE
trays have a minimum of 15 inches bottom to bottom between trays of the same train. Class IE
trays containing instrument, control or power cables have a minimum horizontal separation
between redundant circuits of 36 inches. Redundant circuits are not permitted in the same tray or
conduit. If closer spacing than 36 inches cannot be avoided, an approved barrier must be placed
between the circuits. Cable trays are routed to avoid a fire hazard area, such as oil storage rooms,
oil tanks, etc., whenever possible. When this cannot be done, the cable tray system is protected
by fire resisting barriers. Where practical, these barriers will be tray covers. Whenever possible,
awall or floor has been introducted between trays carrying redundant safeguard circuits. Barriers
are required where mutually redundant trays cross. The barriers shall extend to each side of the
protected tray by a distance equal to approximately three times the wider of the two trays.

Mixing of power cables with control or instrument cable in the same tray is not permitted
throughout the plant. Whenever a control and/or instrument cable tray and a power tray are in
the same stack, the power tray is located in the top tier.

Trays for Train A and Train B are separated 3 feet horizontally and vertically except in the Relay
Room where practical design considerations require 1-foot vertical and horizontal
separation. The two trains are separated by 40 feet at the reactor containment vessel
penetrations.

Power cables for enginecered safeguards are kept strictly in cable trays so
designated. Occasionally, a non-safety-related power cable may be run in a safeguards cable tray
but a safeguards cable will never run in any tray other than its own system. Control cables are
similarly separated and control and instrumentation of the same train designation may be run in
the same control cable tray. Non-safety-related power, control or instrumentation cable shall not
be permitted to cross over from one safeguards tray to another.

Where the wiring for redundant engineered safety features is within a single panel or panel
section, this wiring is separated one group from the other, by a 6-inch air space or a fireproof
barrier. The barriers are sheet metal or flexible metallic conduit. The flexible conduit may be

USAR - Rev. 18
8.2-11 11/01/2003



applied to one train to separate it from the other train. Wiring not associated with either train
may be grouped with one train but may not cross from one train bundle to the other train.

Where the approved logic required recognition of input signals from both A train and B train
devices into common terminal blocks or operational devices, the interconnecting wiring can no
longer retain train identity. Train A and B wiring shall maintain physical and electrical
separation up to the termination point prior to where the interconnecting wiring loses its
identity. This is an allowable exception to the above paragraph. The interconnecting wiring
common to both trains shall not be termed “Normal”, nor shall it be routed with normal wiring.

Cable trays used for redundant reactor protection systems, engineered safeguards systems and
Class IE electrical systems have an identifying code number stenciled on them in color paint after
they are installed. The number is applied whenever there is a change in identity or when passing
through floor or wall openings. This number is applied prior to the pulling of any cables, and the
color establishes the system to which it is assigned.

During the cable pulling operation, an intermittent colored stripe is applied to the cable as it
leaves the reel. This color must match the color of the tray system in which it is
installed. Normal (or non-Class IE) cables, if pulled into a colored tray system, will not have an
identifying stripe on them.

The following colors are used for identification:

Green - Safeguard Train A circuits
Orange - Safeguard Train B circuits
Red - Reactor Protection system
White - Reactor Protection system
Blue - Reactor Protection system
Yellow - Reactor Protection system

* ¢ 6 0

Relay Room

The main (original) relay room is arranged in two groups of four rows of cabinets. The group to
the east contains blue and white reactor protection channels, reactor protection train A,
engineered safeguard train A, and other miscellaneous relay circuits (including two cabinets on
the east wall). The group to the west contains yellow and red reactor protection channels, reactor
protection train B, engineered safeguard B, and miscellaneous relay and metering circuits.

A relay room expansion to the south has two rows of cabinets with provision for a third. The
cabinets contain plant process computer input/output and miscellaneous monitoring equipment.

The upper levels of the relay room are used for cable routing, as there is no separate room labeled
“cable routing room”,
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Within the room the trays are arranged in four tiers. The arrangement of these tiers is such that
instrument and control circuits of reactor protection and engineered safety features of like trains
are stacked together or with normal instrumentation and control. The colored instrument
channels for reactor protection are converted from trays to rigid conduit systems where they enter
the relay room and then to 6-inch metal raceway as they pass over the instrument racks to
facilitate rack output interconnections.

Horizontal fire barriers are provided between the Control Room and the Relay Room at the
control consoles and panels.

Testing

Testing of the operator-activated Class IE circuitry that initiates and controls the connection of
the buses to the power sources for the a-c emergency power system; the Main Auxiliary
Transformer, the Tertiary Auxiliary Transformer, the Reserve Auxiliary Transformer, and the
Diesel Generators; can be done by transferring the buses, one at a time, from one source to
another with controls available to the operator in the Control Room. Manual switching of these
source breakers occurs during periodic breaker maintenance, bus maintenance and diesel
generator testing. Testing of the automatic-initiated Class IE circuitry that initiates and controls
the connection of the buses to these sources can be performed by utilizing a switch in the Control
Room which disconnects two bus undervoltage relays of one safeguard bus, thereby simulating
loss of voltage, and activates the associated logic circuitry that is required to automatically
restore power to the bus.

A sequential events recorder prints out the operation of each relay in the scheme providing
printed proof of the circuitry’s proper response. Upon successful completion of this test a green
light glows to the right of the test switch.

Both the automatic circuitry and the manual circuitry can be tested by these methods during plant
operation. Portions of the circuitry that cannot be conveniently tested with the plant in operation
without temporarily interrupting circuit protection arc the bus lockouts and the transformer
lockouts. A switch is provided for each lockout, which isolates its output contacts allowing the
lockout to operate without actually tripping any breakers. The continuity of transformer lockout
relays is continually monitored by indicating lamps located in the Control Room.

The power sources for the d-c emergency power system associated with the Train A load group
are Station Battery 1A and 480-V MCC 1-52C (via Battery Charger 1A). The power sources for
the d-c emergency power system associated with the Train B load group are Station Battery 1B
and 480-V MCC 1-62C (via battery charger 1B). The transfer of a d-c bus between its respective
battery and battery charger can be tested by opening the 480-V breaker supplying power to the
charger, thus simulating a loss of power to the 480-V bus. The d-c system should transfer to the
battery as its source of power. If, after opening the 480-V breaker to the charger the d-c bus
retains its voltage, the transfer was successful.
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8.2.3 EMERGENCY POWER
Sources Description

Power sources for the engineered safety features are 4160-V Bus 1-5 and Bus 1-6. The normal
source of power to Bus 1-5 is the Tertiary Auxiliary Transformer. The Reserve Auxiliary and
Main Auxiliary Transformers provide backup sources, in that order. The normal source of power
to Bus 1-6 is the Reserve Auxiliary Transformer. The Tertiary Auxiliary and Main Auxiliary
Transformers provide backup sources, in that order. Thus, since the normal source of power for
these buses is the 138/345-kV Kewaunee Substation, no transfer is required in the event of a
turbine-generator trip.

If all other power sources should fail, two diesel generators are provided, one connected to
4160-V Bus 1-5 and one connected to 4160-V Bus 1-6. Each of these is a General Motors
Corporation, Electro-Motive Division, Model A-20-C1, diesel engine-generator unit rated at
2600-kW, (2860-kW, 110% Overload, two thousand hours per year) 0.8 pf, 900 rpm, 4160-V,
3 phase, 60 Hertz. The generator has emergency ratings 0of2950-kW for seven days continuous
and 3050-kW for thirty minutes per year.

Each diesel generator, as a backup to the normal standby a-c power supply, is capable of
sequentially starting and supplying the power requirements of one complete set of engineered
safety features equipment. The electrical emergency power system logic diagrams are shown in
Figures 8.2-4, 8.2-5, and 8.2-6. The units are located in separate rooms in Class I portion of the
Administration Building. These rooms are heated; assuring that the diesel generators can be
started in cold weather.

Service water for the Diesel Engine Cooling Water Heat Exchanger is supplied from separate
service water headers for Diesel Generator 1A and 1B. The Cooling Water Heat Exchangeris an
engine mounted water-to-water heat exchanger providing cooling for the engine jacket water and
for the engine oil heat exchanger. Vent fans for each room provide a supply of combustion air
into the Diesel Room. Separate startup air receivers and compressors are located just external to
the rooms. Primary and reserve tanks of the air receivers supply compressed air to the dual Air
Start System, the DG cooling water isolation valve actuators, and the Diesel Room Ventilation
and combustion air dampers.

Each diesel generator is automatically started by either one of two pairs of air motors mounted on
each side of the diesel (four air motors per engine). Each unit has its own independent starting
system including a bank of four air storage tanks, two primary and reserve tanks, and one
compressor powered from the 480-V emergency bus. An air cooler/dryer is installed on the
discharge of each air start system compressor. The dry air improves the starting performance of
the diesel engine. The primary or reserve tanks have sufficient storage to crank the engine for
twenty seconds. The generator is capable of being started and ready to accept load in ten
seconds.
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Starting air is admitted from the storage tanks to the starting system through a pressure-reducing
valve to supply air to the starters.

The following describes a typical diesel engine start sequence. The sequence stated assumes the
air start motor priority selector switch is in the #1 position. The air start motor priority selector
switch is typically rotated from set #1 to set #2 on a monthly basis. This ensures even run time
on the air start motors.

When the diesel start signal is initiated, a start attempt is made through air start motor set #1. If
the air start motor set #1 fails to engage within 2 seconds, a second start attempt is made with the -
same set of motors. If the air start motors still do not engage, and then after 5 seconds a third
start attempt is made, this time using the second pair of air start motors (set #2). Air start motors
set #2 will continue to attempt to start the diesel generator on a two second cycle, until the engine
starts or 15 seconds after the start signal, whichever occurs first. The start signal also initiates
starting of the fuel priming pump and the governor booster pump. If, after fifteen seconds, the
diesel has not reached 200 rpm, a start failure signal opens the fault relay. Starting air is cut off,
the fuel priming and governor booster pump are stopped. Operator action is then required for
further start attempts. The fault relay in the diesel generator room must be reset and any faults
causing the fault lockout must be corrected before the start signal will be effective again.

The start failure relay serves to indicate an abnormally long period of engine cranking without an
engine start (fifteen seconds) and to prevent subsequent engine starting attempts until the cause
of the engine start failure has been determined by operating personnel. The total air capacity
available to crank the engine is twenty seconds per air starter-tank combination.

The following interlocks must be satisfied to automatically start the diesel engine:

a. Engine mounted LOCAL/REMOTE (AUTO/OFF/MAN) switch must be in REMOTE
(AUTO) position for Diesel Generator 1A(1B). Control Room and local annunciation is
given when this local switch is not in the REMOTE (AUTO) position.

b. Control Room PULLOUT/STOP/AUTO/START switch must be in AUTO position
(maintained position). (The other maintained position of this switch is the PULLOUT
position, which disables the engine starting circuit during engine maintenance).

c. 125-V d-c control power must be available at the diesel engine control panel. (The engine
starters cannot be engaged if control power is not available; loss of control power is
annunciated in the Control Room).

d. The engine must not be running.

e. Air pressure must be available to the starting air system (loss of air pressure on each starting
air system is annunciated locally and in the Control Room).
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The diesel engine interlocks itemized above can be periodically tested as follows:

a. Turning the engine mounted LOCAL/REMOTE (AUTO/OFF/MAN) switch from the
REMOTE (AUTO) position will alarm the local and Control Room annunciators for Diesel
Generator 1A(1B). Diesel generator operational testing verifies annunciator status; therefore,
any failure to start due to mispositioning of the switch would identify the annunciator failure.

b. The stable PULLOUT position of the Control Room PULLOUT/STOP/AUTO/START
switch is visibly different than the stable AUTO position in that the switch handle is slanted
to the left of its normally vertical position (AUTO) and a distinctive silver colored switch
shaft extension is visible.

c. Opening the 125-V d-c distribution breaker to the engine control cabinet alarms the Control
Room annunciator.

d. Response of the air receiver pressure switches can be tested and calibrated by valving in the
standby air receivers, valving out the on-line receivers, opening the air compressor circuit
breaker, and opening the receiver drain valve until an alarm occurs on the local and Control
Room annunciators.

The motor-driven compressor associated with each diesel is fed from the emergency bus supplied
from the same diesel. The control voltage for each diesel starting system is from its associated
125-V d-c station battery.

An audible and visual alarm system is located in the control room and will alarm off-normal
conditions of jacket water temperature, lube oil temperature, fuel oil level, starting air pressure
and Diesel Generator stator hi temperature (1 of 12 inputs feeding the 4160 Volt Stator
Temperature Hot annunciator). Analarm also sounds if a starting circuit is locked out, a control
switch is not in “auto” position, or d-c power for the controls at the diesel generator is lost. The
alarm in the control room also alerts the operator to other various off-normal conditions
including jacket water expansion tank level and pressure, engine crankcase pressure, and fuel oil
pressure. Local audio and visual alarms are also provided at each diesel generator.

Reference 2 is a safety evaluation in which the NRC has concluded that, based on the review of
submitted information and on-site inspections, the status annunciators for the diesel generators
are acceptable. The review was specifically intended to ensure that any deliberately induced
condition which may disable the diesel generators, and which is expected to occur more
frequently than once per year, is automatically annunciated in the Control Room with devices
worded to alert the operator of their abnormal status.

Two 850-gallon “day” tanks are located in enclosures within each diesel generator room. The
two tanks provide capacity for approximately four hours operation for one generator at full
load. Two 35,000-gallon underground storage tanks supply fuel oil through immersion pumps to
either pair of day tanks. Combined fuel capability of one storage tank and two day tanks would
provide a minimum of 7 days fuel supply for one diescl generator (36,000 gallons of fuel oil),
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thus assuring adequate time to restore off-site power or to replenish fuel. The diesel fuel oil
storage capacity requirements are consistent with those specified in ANSI
N195-1976/ANS-59.51, Sections 5.2, 54 and 6.1. See Reference 3 and Technical
Specification 3.7 for fuel oil storage requirements.

Loading Description

Each diesel generator is automatically started on the occurrence of either of the following
incidents:

a. Undervoltage on the associated 4160-V bus (Bus 1-5 or Bus 1-6) provided that the low
voltage is not caused by a fault which operates the bus lockout relay (see Reference 5 and
Technical Specification);

b. Initiation of a Safety Injection Signal which will start both diesel generators.

With the occurrence of undervoltage on 4160-V Bus 1-5, whose normal source of power is the
Tertiary Auxiliary Transformer, the automatic sequence is as follows:

1) Start Diesel Generator 1A,

2) Close Reserve Auxiliary Source Breaker (BKR503), if voltage is present. If this source is not
available, then

3) Close Tertiary Auxiliary Source Breaker (BKR501), if voltage is present and BKR611 is
tripped. If this source is not available, then

4) Shed load on the 4160-V and 480-V buses and closec Diesel Generator 1A Breaker
(BKR509), if diesel generator voltage and frequency meet established criteria (maximum ten
seconds from diesel engine start signal).

The automatic restoration of voltage sequence for 4160-V Bus 1-6, whose normal source of
power is the Reserve Auxiliary Transformer, is as follows:

1) Start Diesel Generator 1B

2) Close Tertiary Auxiliary Source Breaker (BKR611), if voltage is present and BKR501 is
tripped. If this source is not available, then

3) Close Reserve Auxiliary Transformer Breaker (BKR601), if voltage is present. If this source
is not available, then

4) Shed load onthe 4160-V and 480-V buses and close Diesel Generator 1B Breaker (BKR603)
if voltage and frequency meet established criteria (maximum ten seconds from diesel engine
start signal).
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Once started, the diesel continues to run even though voltage may be restored from an off-site
source of power. Manual shutdown of the diesels by the Control Room operator is always
required (except for engine protection shutdowns).

Circuit breaker interlocks are provided to preclude interconnection of redundant emergency
buses.

Breakers 1-501 and 1-611 allow the load groups associated with Diesel Generator 1A and Diesel
Generator 1B, respectively, to be connected to a preferred power source, the Tertiary Auxiliary
Transformer. This combination of load group connections is referred to in Safety Guide 6,
Section D.2, which states: “A preferred power source bus, however, may serve redundant load
groups”.

Breaker 1-501 must be tripped before Diesel Generator 1A can be automatically connected to
Bus 1-5 and BKR 1-611 must be tripped before Diesel Generator 1B can be automatically
connected to Bus 1-6. Therefore, the redundant standby power sources cannot be automatically
paralleled, satisfying Section D.4a of Safety Guide 6.

Breakers 1-510 and 1-602 provide a bus tie between the load group associated with Diesel
Generator 1A and the load group associated with Diesel Generator 1B. These breakers can be
closed by operator action only. To close BKR 1-510 or BKR 1-602, the following conditions
must exist:

No bus fault on Bus 1-5.

No bus fault on Bus 1-6.

No fault on cable between 1-510 and 1-602 (as monitored by independent lockout circuits).
Breakers 1-503, 1-501, 1-511, 1-601, 1-610, and 1-611 are tripped.

Either Diesel Generator 1A is supplying power to Bus 1-5 and BKR 1-603 (for Diesel

Generator 1B) is tripped or Diesel Generator 1B is supplying power to Bus 1-6 and
BKR 1-509 (for Diesel Generator 1A) is tripped.

& & & o

These interlocks provide the necessary isolation as identified in Safety Guide 6 between
redundant load groups.

Breakers 15211 and 16211 are bus tie breakers.

Both breakers can be closed only by operator action. The operator can close BKR 15211 orBKR
16211 only if:

+ No fault has occurred on either Bus 1-52 or Bus 1-62, and
¢ No fault has occurred on the section of cable between 15211 and 16211, and
¢ Breaker 15201 and/or 16201 is open.
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Breakers 15111 and 16111 can be closed by operator action only. The operator can close
BKR 15111 or BKR 16111 only if:

4 No fault has occurred on either Bus 1-51 or 1-61, and
¢ No fault has occurred on the section of cable between 15111 and 16111, and
¢ Breaker 15101 and/or 16101 is open.

Using 4160-V Bus 1-5 and assuming the loss of off-site power, the following steps take place:

a. Start Diesel Generator 1A

o

Trip all 4160-V source breakers and the bus tie brcaker (BKRs 501, 503, 509, 510 and 511);
c. Trip all 4160-V motor loads (BKRs 502, 504, 506, 507 and 508);
d. Trip selected 480-V loads (BKRs 15203, 15104, 15105, 15108, 15109 and 15212).

e. Close the diesel breaker (BKR 509) after the unit comes up to speed and voltage (maximum
ten seconds from diesel engine start signal).

If there is a requirement for engineered safety features operation coincident with bus
undervoltage, step “e” above is automatically followed by the sequential starting of the
engineered safety feature equipment. A group of equipment is directly connected to the bus (see
Table 8.2-1, Sequence 1.1, 1.2, 1.3 and 1.4) and the loads are picked up by the diesel generators
immediately upon closing of the diesel breakers. This total load is minimal, <330-kW. (Should
the requirement for engineered safety features operation occur when voltage is present, the diesel
generator is started and this same sequence is followed with the exception that the containment
spray pump is allowed to start immediately if containment Hi-Hi pressure is present.). This
loading sequence for Diesel Generator 1A is as follows (major loads only), continuing from
step “e” (see Table 8.2-1 and Figure 8.2-7):

Max, Time
Lapse (Sec)
f.  (Step "0") Motor Operated Valves 0
g. (Step "1") Start Safety Injection Pump 1A 7
h. (Step "2") Start Residual Heat Removal Pump 1A 12
i. (Step "3") Start Shield Bldg. Fan 1A, Start Zone SV equipment, Start Containment
Spray Pump 1A if containment Hi-Hi pressure is present 20
j-  (Step "4") Start Service Water Pump 1Al 25
k. (Step "5") Start Containment Fan Coil Units 1A/IB 30
. (Step "6") Start Auxiliary Feedwater Pump 1A 35
m. (Step "7") Start Component Cooling Pump 1A 40
n. (Step "8") Start Service Water Pump 1A2 45
0. (Step "9") Manual or Auto start of any auxiliary as required for safe plant operation 53
p. (Step "10") Manual or Auto start of any auxiliary as required for safe plant operation 63
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NOTE: “Max Time Lapse” is the maximum time to initiation of closing the branch feeder
breaker following the closure of the diesel generator source breaker. The “Max Time Lapse”
specified above through step “n” is a maximum time that should not be exceeded. The “Max
Time Lapse” specified above for step “0”, as one input to service water isolation to the Turbine
Building, is a maximum time that should not be exceeded. Because all other step “0” and “p”
loads are defined above as those loads that will manually or automatically start as required, the
“Max Time Lapse” specified above should not be considered absolute with nominal deviation of
minor safety significance.

Starting of the containment spray pumps, initiated by Hi-Hi containment pressure, is
accomplished simultaneously with any of the above steps following the starting of the residual
heat removal pump when the diesel is required to supply power to the bus. When the bus is
supplied from a transformer source the containment spray pump is started immediately on Hi-Hi
containment pressure. The diesel generator automatic loading sequence through step 8, including
10 seconds for engine starting, will be accomplished in approximately fifty-five seconds as
shown by Figure 8.2-7. As stated in Section 14.3.4, the containment pressure analysis assumes a
delay of 137.7 and 85.3 seconds respectively, to supply design containment cooling from
containment spray and fan-coil units.

The automatic sequences for Bus 1-6 and for Buses 1-61 and 1-62 associated with Diesel
Generator 1B are similar to those described for Bus 1-5. Loads to be carried by a diesel
generator are summarized in Table 8.2-1.

Should any of the feeder breakers, associated with the above (safety features) large (non-MCC
feed) pump or fan motors, trip due to overcurrent, they can be re-closed from the control
room. The electrical overload protection for the engineered safety feature fan, pump, and valve
motors are not actually applied as overload protection. The motors are conservatively operated
with respect to their rating and an overload occurs only as a major malfunction. Therefore, the
overload protection isolates the malfunctioning component before it can make the bus breaker
trip, causing loss of power to all other components in that circuit. Overload trip elements on the
reversing starters associated with the various motor-operated valves and non-reversing starters
associated with small pump or fan motors can and must be reset at the motor control centers. If
the diesel generator is overloaded, an alarm is annunciated in the control room. The diesel
generator is not protected by overload devices.

Load Evaluation
Diesel Generators

Each diesel generator is sized to start and carry the engineered safety features required for a post-
blowdown containment pressure transient.
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Selected generator nameplate data is as follows:

Electro-Motive Division of General Motors Corporation
Model A-20-C1, Serial Nos. 70-J1-1029 and 1039
2400/4160-V, 60 Hertz, Amps 782/452, 3 phase
3250-kVA, Temperature rise 85°C Stator-Thermometer
Temperature rise 60°C, Rotor-Resistance

900 RPM, Power Factor 0.8

3575-kVA Peak, 2000 hours per year

Temperature rise 105°C, Stator-Thermometer
Temperature rise 70°C, Rotor-Resistance.

Insulation Class, H-Stator and F-Rotor

L R JEE R JER JEE R R R R 2

Additional operating characteristics of the generator follow:

Capable of being started and ready to accept load in ten seconds and capable of being fully
loaded within twenty seconds.

Capable of operating continuously at rated kVA output at any power factor between rated lagging
and unity, at any voltage within £5% of rated voltage.

Capable of tolerating for thirty seconds without injury a three-phase short circuit at its terminals
when operating at rated kVA and power factor, 5% overvoltage and fixed excitation.

Compliance to Regulatory Guide 1.9
1. Sizing of generator power requirements.
Motors - All motors are the standard rating above the normal load. The service factor is
added to the motor to cover fan and pump run-out. Checks have been made to
assure the run-out is within the service factor. Motor power requirements were

calculated as follows;

100 hp and larger, at 93% efficiency from manufacturers certified test data and
handbooks. Less than 100 hp, at 88% efficiency from handbook data.

Brake hp was used for larger motors where certified test data was available.
KVA -  Loads for transformers, etc., were calculated at 80% power factor.

Heater-Loads were taken at rated kW.
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2. Generating load ratings:

Continuous 3250kVA 100.0%
Continuous 2600 kW at 0.8 P.F. 100.0%
Overload, 2000 hours per year 2860 kW at 0.8 P.F. 110.0%
Overload, 7 days per year 2950 kW at 0.8 P.F. 113.5%
Overload, 30 minutes per year 3050 kW at 0.8 P.F. 117.3%

3. Generator rating criteria:
Regulatory Guide 1.9, dated December 1979 states that:

“Conformance with the requirements of IEEE Std 387-1977, “IEEE Standard criteria for
Diesel Generator Units applied as Standby Power Supplies for Nuclear Power Generating
Stations”, dated June 17, 1977 is acceptable for meeting the requirements of the principle
design criteria and qualification testing of diesel generator units used as on-site electric
power systems for nuclear power plants”.

‘The IEEE Standard 387-1977 states that:

“5.2.3 Operation Application Rule (see 3.7.1 and 3.7.2). The diesel generator units may be
utilized to the limit of their power capabilities as defined by the continuous and short time
ratings”.

“3.7.1 Continuous Rating - The electric power output capability that the diesel generator unit
can maintain in the service environment for 8760 h of operation per (common) year with only
scheduled outages for maintenance”.

“3.7.2 Short Time Rating - The electric power output capability that the diesel generator unit
can maintain in the service environment for 2 h in any 24 h period, without exceeding the
manufacturer’s design limits and without reducing the maintenance interval established for
the continuous rating”.

NOTE: “Operation at this rating does not limit the use of the diesel generator unit at its
continuous rating”.

Table 8.2-1 lists the diesel-generator loads and the times that they will sequence on if
required. The maximum connected loads are 3701.4 kW for DG 1A and 3523.3 kW for
DG 1B. Table 8.2-1 also gives a time dependent load list, which shows that the highest
estimated loads are 2919.8 and 2899.1 kW for each respective diesel generator, which occurs
from one to sixty minute into the loading sequence. After adding safeguard station service
transformer loss loads of 25.5 kW and 20.4 kW the maximum diesel generator loads are
2945.3 kW for DG 1A and 2919.5 kW for DG 1B. These loads are both less than the seven- |
day per year overload rating of 2950 kW for the diesel gencrators.
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Operation of the safeguard diesel generators at frequencies other than 60 hertz, as allowed by
the governor speed setting, have been shown by calculation to be within the various generator
ratings.

The diesel generator ratings given in Item 2 above do not match the Short Time Rating
definition of IEEE Std. 387-1977, as they were determined before 1977. We do, however,
meet the intent of the Standard in that the diesel generators do not exceed the defined (by the
manufacturer) load ratings. Therefore, the requirements of Regulatory Guide 1.9 are met.

4. Generator loading and sequence on safety injection signal is shown in Figure 8.2-7. The time
sequence is after the closing of the diesel generator breaker. The maximum allowable time
lapse for the load to come on was originally specified by Westinghouse and is used to
support transient analysis. The normal time to pick up the load is the automatic timer
setting. Table 8.2-1 lists the specific loads.

The criteria used in determining the a-c loads assigned to the emergency buses were:

a. Those loads, which are essential to safety-related functions and which if the power source
failed, could affect public health and safety.

b. Those loads which if the power source failed would cause severe economic loss or cause the
plant to experience an extended outage.

Batteries and Battery Chargers

Each of the plant's four 125-V station batteries has been sized to carry the expected shutdown
loads following a plant trip and a loss of all AC power for a period of eight hours without the
battery terminal voltage falling below 105 V. The 250-V station battery has been sized to carry
its loads following a plant trip and a loss of all AC power for a period of two hours.

The safeguard batteries (BRA101 and BRB101) arc C and D Charter Power Type LCR-19 1304
AH (8 hour), 1054 AH (3 hour), 647 AH (1 hour), and 1234 AH (1 min.). Major loads, with
their approximate operating times on each battery, are listed in Table 8.2-2. The non-safeguard
batteries (BRC101 and BRD101) are Exide Corp. Type FTC-21 1680 AH (8 hour), 1236 AH
(3 hour), 750 AH (1 hour), and 1260 AH (1 min.). The 250-V non-safeguard battery (BRE101)
is a C and D Power Systems Type 2LCR-15, 700 AH (2 hour).

Each of the three safeguard battery chargers has been sized to recharge either of the above
partially discharged safeguard batteries within twenty-four hours, while carrying its normal
load. Partially discharged is defined as any condition between fully discharged (105-V) and
nominal (125-V). Normal voltage when on charger is 129 to 135-V (2.19 to 2.29-V per cell).

The battery chargers are each supplied with a d-c ammeter to continuously indicate the charger’s
current output. Each battery charger is also supplied with a d-c voltmeter on the line side of the
charger output circuit breaker. This voltmeter will indicate the charger or battery voltage
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whichever is higher. A d-c ammeter on each of the main load side buses of the batteries
continually indicate the total load current on each battery train. On a monthly basis the specific
gravities of the pilot cells are checked and recorded.

The actual charge stored in the batteries can be related to the monitored parameters in the
following ways:

a. The batteries are of the lead calcium type and are floated at 132-V d-c. As long as the
specific gravities of the cells are at least 1.200 and the d-c voltmeter reads 132-V then the
battery is considered fully charged.

b. The battery chargers are each rated at 150-ampere d-c output and will supply the plant load
under normal conditions. The current-limiting feature on these chargers is set at
approximately 172.5 amperes. In a situation when the ammeter on the battery main bus reads
above 0.0 amperes then the battery would be discharging as indicated on the main bus
ammeter.

Since the battery and charger share the loads on the bus under the normal condition, the battery
must have sufficient ampere-hour capacity to carry the total loads consisting of two classes as
follows:

a. The momentary load, such as closing and tripping of switchgear, involves the one-minute
rating of a battery, though the time duration of the operation is but a few cycles.

b. The continuous load usually involves the battery's three to eight-hour rating, although longer
time periods are sometimes used. The load consists of indicating lamps, holding coils for
relays and any other equipment continuously drawing current from the control bus.

Reliability Assurance

The electrical system equipment is arranged so that no single incident can inactivate enough
engineered safety features equipment to jeopardize plant safety. The 4160-V equipment is
supplied from 6 buses, the 480-V equipment from 11 buses.

All Class 1E electrical equipment complies with IEEE Standard 344-1971, Trial Use Guide for
Seismic Qualification of Class I Electrical Equipment for Nuclear Power Generating Stations.

Two separate off-site power sources serve the 4160-V buses supplying power to the engineered
safety features equipment. One of'these is from the 138-kV portion of the substation; the second
is from the tertiary winding of the substation autotransformer via an underground 13.8-kV circuit
to the plant.

Separation is maintained in both the 4160-V and the 480-V systems to allow the plant auxiliary
equipment to be arranged electrically so that redundant items receive power from two different
buses.
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For example, one complement of engineered safety features equipment is supplied from Bus 1-5
(4160-V) and Buses 1-51 and 1-52 (480-V) while the other complement is supplied from Bus 1-6
(4160-V) and Buses 1-61 and 1-62 (480-V). The cable tray system for one complement is
independent of the cable tray system for the other complement; there are no crossties. This
design assures the separation and independence of the two systems.

One off-site source of power can supply sufficient power to run- normal operating
equipment. Any one of the four transmission lines can supply all the plant auxiliary power. A
low-voltage station auxiliary transformer can supply all the auxiliary loads for the plant.

Each diesel generator has capacity enough to sequentially start and run a fully loaded set of
engineered safety features equipment. These safety features can adequately cool the core for any
loss-of-coolant incident, and maintain the containment pressure within the design value.

One battery charger is in service on each battery so that the batteries are always at full charge in
anticipation of loss of a-c power. This insures that adequate d-c power is available for starting
the diesel generators and for other emergency uses.

The physical barrier provided between the emergency diesel engine generator sets consists in part
of a Class I reinforced concrete wall 18 inches thick and the remainder a reinforced concrete
block wall 12 inches thick. The doors and ventilation exhaust louvers are all Underwriters’
Laboratories construction. All other openings in the barrier are sealed with fire retardant
materials to maintain fire separation of the two diesel generator units.

The only potential for an explosion in the diesel generator rooms exists within a diesel engine
crankcase. The rooms have sufficient volume and are vented to preclude a pressure rise that
would endanger the integrity of the room walls.

In the event of a service water line break in the area between diesel generator rooms some water
leakage would occur into the diesel generator rooms. Leakage through the door into diesel
generator room 1B would flow to the floor drain if enough water was present to overflow the
curb. Leakage through the door and through the trench into diesel generator room 1A would
flow to the trench drain. All other openings into the diesel generator rooms from the tunnel are
at higher elevations.

Both diesel generator rooms have double doors appropriately strengthened to prevent possible
flooding. The trench into diesel generator room 1A was plugged to restrict leakage into the
room.

Water flowing from the hypothetical service water line break would return to the screenhouse
along the floor of the tunnel. Water entering the screenhouse would drain to the circulating
water pump elevation where approximately 382,000 gallons are required to flood to the 586-foot
elevation. Maximum possible service water pump run-out for two pumps would be less than
20,000 gpm total. The operator has over nineteen minutes to respond to the low service water
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8.24

pressure alarm on one header, isolate that header from the auxiliary building and then trip the
pumps.

The rupture of a service water line in an Emergency Diesel Generator Room could result in the
loss of the generator or the Safeguards bus in that room. Administrative operation from the
Control Room of Type I Service Water valving would isolate the break and if required, realign
the Service Water supplies through the intact piping from the operating Service Water Pumps.

Surveillance Requirements

The monthly tests specified for the diesel generators will demonstrate their continued capability
to start and carry rated load. The fuel supplies and starting circuits and controls are continuously
monitored, and abnormal conditions in these systems would be indicated by an alarm without
neced for test startup (Reference 2).

The less frequent overall system test demonstrates that the emergency power system and the
control system for the engineered safety features equipment function automatically in the event
of loss of all other sources of a-c power, and that the diesel generators start automatically in the
event of a loss-of-coolant accident. This test demonstrates proper tripping of motor feeder
breakers, main supply and tie breakers on the affected bus, and sequential starting of essential
equipment, to the extent possible, as well as the operability of the diesel generators.

The specified test frequencies provide reasonable assurance that any mechanical or electrical
deficiency is detected and corrected before it can result in failure of one emergency power supply
to respond when called upon to function.

Station batteries will deteriorate with time, but precipitous failure is extremely unlikely. The
continuous and periodic surveillance performed on the batteries will demonstrate battery
degradation long before a cell becomes unserviceable or fails.

If a battery cell has deteriorated, or if a connection is loose, the voltage under load will drop
excessively, indicating need for replacement or maintenance.

STATION BLACKOUT
Introduction

On July 21, 1988 the Code of Federal Regulations 10 CFR Part 50, was amended to include a
new Section 50.63 entitled, “Loss of All Alternating Current Power”, (Station Blackout). The
station blackout (SBO) rule requires that each light-water-cooled nuclear power plant be able to
withstand and recover from an SBO of specified duration.
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Station Blackout Duration

The Kewaunee SBO duration is 4 hours, based on a plant AC power design characteristic Group
P1, an emergency AC (EAC) power configuration Group C, and a target Emergency Diesel
Generator (EDG) reliability of 0.95 (see NRC SER in reference 4).

Alternate AC (AAC) Power Source

The existing Technical Support Center (TSC) diesel generator will be used as an AAC
source. The TSC diesel generator is an independent, non-class 1E, 600 kW (1000 hr/year
standby rating) diesel generator that provides emergency power to 480-V Bus 1-46 for TSC
equipment. For SBO purposes, a connection can be made between this bus and the 480-V safety
Bus 1-52. Normal isolation between the two buses is provided by a Class 1E breaker at Bus 1-52
and a non-class 1E breaker at Bus 1-46. For SBO, sclected non-essential loads will be stripped
from each of the two buses and the two breakers will close to provide power to essential loads on
both buses. The total load to be powered within 1 hour following the onset of the SBO is
calculated to be approximately 587 kW.

Condensate Inventory

The Technical Specifications (TS) provide for a minimum of 39,000 gallons of condensate
inventory. This is sufficient for 4 hours of decay heat removal.

Class 1E Battery Capacity

Battery capacity calculations exist for the BRA101 and BRB101 Class 1E batteries and on the
BRD101 non-class 1E battery. They are based on the IEEE-485 methodology and a duty cycle of
8 hours. The 8-hour duty cycle capability has been verified by test per the guidance of
IEEE 450-1987. Based on the above, the batteries are adequate, with considerable margin for the
required 4-hour SBO duration.

Compressed Air

The air-operated valves relied upon to cope with an SBO event for 4 hours will be equipped with
DC powered solenoid valves and backup air (nitrogen) supplies.

Effects of Loss of Ventilation

Steady state heat-up analyses were performed to determine the effects of loss of ventilation in the
battery rooms, control room, relay room, charging pump room, turbine driven auxiliary feedwater
pump room, containment and steam generator power operated relief valve areas. The calculated
steady state temperatures for these rooms are well below the temperature limits described in
NUMARC 87-00, Section 2.7. Kewaunee has procedures and operator training to ensure
opening of doors #45 and #48 to Battery Rooms 1A and 1B, respectively, and relay room cabinet
doors within 30 minutes of the onset of an SBO event.
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Containment Isolation

Table 5.2-2, “Containment Penetrations” in the Updated Safety Analysis Report has been
reviewed in accordance with the guidelines described in NRC Regulatory Guide (RG) 1.155 to
ensure that appropriate containment integrity will be provided during an SBO event.

Reactor Coolant Inventory

The TSC diesel generator will power one of two charging pumps each having a capability of
supplying water at the rate of 60 gpm. This will provide makeup for a total of 50 gpm reactor
coolant pumps seal leakage (25 gpm per pump) and 10 gpm reactor coolant system leakage
(maximum allowed by the TS). The water supply for the pumps will be from the refueling water
storage tank, which has a TS minimum of 272,500 gallons of water.

Procedures and Training

Operator actions will be required for an SBO event. In addition to the opening of selected room
and cabinet doors, and the valve operations required to align the charging pump and AFW pump,
a number of electrical breaker operations are required to shed loads not required during an SBO,
and to align the TSC diesel generator to the required loads.

The physical location of the buses and MCCs involved are in close proximity to each other. The
inability of an operator to open any single motor control center (MCC) breaker will not result in
the TSC diesel generator exceeding its overload rating. In addition to proceduralized operator
actions and training provided to individuals, the breakers which are required to be opened are
also locally identified.

The actions required during an SBO event can be accomplished in the 1-hour time frame
specified for the AAC source to power the SBO loads.

SBO Modifications

An air (nitrogen) supply has been provided for RCS inventory valve CVC-7 in order to provide
control room control of the amount of charging flow to the reactor coolant loop versus the reactor
coolant pump seals.

The steam generator power operated relief valves SD3A and SD3B have each been equipped
with a DC solenoid valve and a backup air (nitrogen) supply. Additional lighting has been
provided at MCC 1-52E (charging pump 1A) and outside of Battery Room A.

Quality Assurance and Technical Specifications

The QA type 2 classification is consistent with the requirements of RG 1.155, Section 3.5.
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EDG Reliability Program

The EDG reliability program, including the TSC diesel generator, meets the intent and guidance
provided in RG 1.155, Section 1.2.
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9.2

9.2.1

CHEMICAL AND YOLUME CONTROL SYSTEM

The Chemical and Volume Control System:

g

adjusts the concentration of chemical neutron absorber for chemical reactivity control;
b. maintains the proper water inventory in the Reactor Coolant System;

c. provides the required seal water flow for the reactor coolant pump shatft seals;

d. processes reactor coolant letdown for reuse of boric acid;

¢. maintains the proper concentration of corrosion inhibiting chemicals in the reactor coolant;
and

f. keeps the reactor coolant fission product and corrosion product activities to within design
levels.

The system is also used to fill and hydrostatically test the Reactor Coolant System.

During normal operation, therefore, this system has provisions for supplying:

a. Hydrogen to the volume control tank
b. Nitrogen as required for purging the volume control tank
c. Hydrazine or pH control chemical, as required, via the chemical mixing tank to the

charging pumps suction.
DESIGN BASES
Redundancy of Reactivity Control

Criterion: Two independent reactivity control systems, preferably of different principles,
shall be provided (GDC 27).

In addition to the reactivity control achieved by the Rod Control System described in Section 7,
reactivity control is provided by the Chemical and Volume Control System which regulates the
concentration of boric acid solution neutron absorber in the Reactor Coolant System. The system
is designed to prevent uncontrolled or inadvertent reactivity changes, which might cause system
parameters to exceed design limits.
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Reactivity Hot Shutdown Capability

Criterion: The reactivity control system provided shall be capable of making and holding
the core sub-critical from any hot standby or hot operating condition (GDC 28).

The reactivity control systems provided are capable of making and holding the core sub-critical
from any hot standby or hot operating condition, including conditions resulting from power
changes. The maximum excess reactivity expected for the core occurs for the cold, clean
condition at the beginning of life of the core. The full-length RCC assemblies are divided into
two categories comprising control and shutdown groups.
/

The control group used in combination with boric acid as a chemical shim provides control of the
reactivity changes of the core throughout the life of the core at power conditions. This group of
RCC assemblies is used to compensate for short term reactivity changes at power such as those
produced due to variations in reactor power requirements or in coolant temperature. The
chemical shim control is used to compensate for the more slowly occurring changes in reactivity
throughout core life such as those due to fuel depletion, fission product buildup and decay, and
the xenon transient associated with power level changes.

Reactivity Shutdown Capability

Criterion: One of the reactivity control systems provided shall be capable of making the
core sub-critical under any anticipated operating condition (including anticipated
operational transients) sufficiently fast to prevent exceeding acceptable fuel
damage limits. Shutdown margin should assure sub-criticality with the most
reactive control rod fully withdrawn (GDC 29).

The reactor core, together with the reactor control and protection system is designed so that the
minimum allowable DNBR is no less than 1.30 and there is no fuel melting during normal
operation, including anticipated transients.

The shutdown groups are provided to supplement the contro! group of RCC assemblies to make
the reactor at least one percent sub-critical (k(eff) < 0.99) following trip from any credible
- operating condition to the hot, zero power condition assuming the most reactive RCC assembly
remains in the fully withdrawn position.

Sufficient shutdown capability is also provided to maintain the core sub-critical, with the most
reactive rod assumed to be fully withdrawn, for the most severe anticipated cooldown transient
associated with a single active failure, e.g., accidental opening of a steam bypass or relief
valve. This is achieved with combination of control rods and automatic boron addition via the
Safety Injection System.
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Reactivity Hold-Down Capability

Criterion: The reactivity control systems provided shall be capable of making the core
sub-critical under credible accident conditions with appropriate margins for
contingencies and limiting any subsequent return to power such that there will be
no undue risk to the health and safety of the public (GDC 30).

Normal reactivity shutdown capability is provided by control rods with boric acid injection used
for xenon transients and for plant cooldown. When the plant is at power, the quantity of boric
acid available will exceed that quantity required to establish the cold shutdown boron
concentration. This quantity will always exceed the quantity of boric acid required to bring the
reactor to hot shutdown and to compensate for subscquent xenon decay.

The normal supply of boric acid is maintained in the boric acid storage tanks. The boric acid
solution is transferred from the boric acid tanks to the suction of the charging pumps by either
boric acid transfer pump. The charging pumps then inject the boric acid solution to the reactor
coolant. Any charging pump and any boric acid transfer pump can be energized from diesel
generator power. The Refueling Water Storage Tank (RWST) provides a backup supply of
borated water that can be aligned to the suction of the charging pumps. The RWST normally has
adequate quantity of borated water to place the plant in the cold shutdown condition if
necessary. Either boric acid supply to any charging pump will provide sufficient negative
reactivity to the reactor coolant to compensate for xenon decay.

Boric acid could be injected to shutdown the reactor independent of the RCC assemblies, which
normally serve this function in the short term. The quantity of acid maintained to establish the
cold shutdown boron concentration is more than that needed to initially shutdown the reactor
without using RCC assemblies. '

On the basis of the above, the injection of boric acid is shown to afford backup reactivity
shutdown capability and provides adequate long term hold-down capability necessary to
compensate for xenon transients and for plant cooldown.

Codes and Classifications

All pressure retaining components (or compartments of components) which are exposed to
reactor coolant, comply with the following codes:

a. System pressure vessels - ASME Boiler and Pressure Vessel Code, Section III, Class C.
b. System valves, fittings, and piping - USAS B31.1, including nuclear code cases.

System component code requirements are tabulated in Table 9.2-1.
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9.2.2

The tube and shell sides on the regenerative heat exchanger and the tube side of the excess
letdown heat exchanger are designed to ASME Section ITI, Class C. This designation is based on
the following considerations:

a. each exchanger is connected to the Reactor Coolant System by lines equal to or less than 2
inches; and

b. eachis located inside the Reactor Containment Vessel.

Analyses show that the accident associated with a 2-inch line break does not result in clad
damage or failure. Additionally, previously contaminated reactor coolant escaping from the
Reactor Coolant System during such an accident is confined to the Reactor Containment Vessel
and no public hazard results.

SYSTEM DESIGN AND OPERATION

The Chemical and Volume Control System, shown in Figures 9.2-1 through 9.2-5, provides a
means for injection of the neutron control chemical in the form of boric acid solution, chemical
additions for corrosion control, and reactor coolant cleanup, degasification and deboration. This
system also adds makeup water to the Reactor Coolant System, reprocesses water letdown from
the Reactor Coolant System, and provides seal water injection to the reactor coolant pump
seals. Design seal injection to each reactor coolant pump is 8 gpm with 5 gpm leaking through
the labyrinth seal into the reactor coolant system. The seal is designed to leak 3 gpm orlessback
to the Chemical and Volume Control System. Materials in contact with the reactor coolant are
austenitic stainless steel or equivalent corrosion resistant materials.

System components whose design pressure and temperature are less than the Reactor Coolant
System design limits are provided with overpressure protective devices.

System discharges from overpressure protective devices (safety valves) and system leakage are
directed to closed systems. Effluents removed from such closed systems are monitored and
discharged under controlled conditions.

During plant operation, reactor coolant flows through the letdown line from a loop cold-leg on
the suction side of the reactor coolant pump and, after processing is returned to the cold-leg of
the loop on the discharge side of the pump via a charging line and through the in leakage in the
reactor coolant pump seals. An excess letdown line is also provided for removing coolant from
the Reactor Coolant System. '

Each of the connections to the Reactor Coolant System has an isolation valve located close to the
loop piping. In addition, a check valve is located downstream of each charging line isolation
valve. Reactor coolant entering the Chemical and Volume Control System flows through the
shell side of the regenerative heat exchanger where its temperature is reduced. The coolant then
flows through letdown orifices, which reduce the coolant pressure. The cooled, low-pressure
water leaves the Reactor Containment Vessel and enters the Auxiliary Building where it

USAR - Rev. 18
9.2-4 11/01/2003



undergoes a second temperature reduction in the tube side of the letdown heat exchanger
followed by a second pressure reduction by the low-pressure letdown valve. After passing
through the letdown filter and one of the mixed bed demineralizers, where ionic impurities are
removed, coolant flows through the reactor coolant filters and enters the volume control tank
through a spray nozzle.

Hydrogen is automatically supplied, as determined by pressure control, to the vapor space in the
volume control tank, which is predominantly hydrogen and water vapor. The hydrogen within
this tank is supplied to the reactor coolant for maintaining a low oxygen concentration. If
required, fission gases can be removed from the system by venting the volume control tank to the
Waste Disposal System.

From the volume control tank the coolant flows to the charging pumps which raise the pressure
above that in the Reactor Coolant System. The coolant then enters the containment, passes
through the tube side of the regenerative heat exchanger, and is returned to the Reactor Coolant
System.

The cation bed demineralizer, located downstream of the mixed bed demineralizers, is used
intermittently to control cesium activity in the coolant and also to remove excess lithium, which
is formed from B'° (n, &) Li” reaction.

Boric acid is dissolved in hot water in the batching tank to a concentration of nominal 8.0% by
weight. The lower portion of the batching tank is jacketed to permit heating of the batching tank
solution with low-pressure steam. A transfer pump is used to transfer the batch to the boric acid
tanks. Small quantities of boric acid solution are metered from the discharge of an operating
transfer pump for blending with reactor makeup water as makeup for normal leakage or for
increasing the reactor coolant boron concentration during normal operation. Electric heaters
maintain the temperature of the boric acid tanks solution high enough to prevent
precipitation. The boric acid piping is heat traced to prevent precipitation.

Excess liquid effluents containing boric acid flow from the Reactor Coolant System through the
letdown line and are collected in the holdup tanks. As liquid enters the holdup tanks, the
nitrogen cover gas is displaced to the gas decay tanks in the Waste Disposal System through the
waste vent header. The concentration of boric acid in the holdup tanks varies throughout core
life from the refueling concentration to essentially zero at the end of the core cycle. A
recirculation pump is provided to transfer liquid from one holdup tank to another and to
recirculate the contents of individual holdup tanks.

Liquid effluent in the holdup tanks is processed as a batch operation. This liquid is pumped
through the evaporation feed ion exchangers, which primarily remove lithium hydroxide
(Li70H), and fission products such as long-lived cesium. It then flows through the ion
exchanger filter and into the gas stripper/boric acid evaporator package.

The dissolved gases are removed from the liquid by the gas stripper section and are vented to the
Waste Disposal System. The liquid effluent from the gas stripper section then enters the
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evaporator section. The distillate produced in the boric acid evaporator leaves the evaporator
condenser and is pumped through a condensate cooler where the distillate is cooled to the
operating temperature of the two-evaporator condensate demineralizers. If it is required,
evaporator carry over is removed by one of the two-evaporator condensate demineralizers, and
then the condensate flows through the condensate filter and accumulates in one of two monitor
tanks. The dilute boric acid solution originally in the boric acid evaporator remains as the
bottoms of the distillation process and is concentrated to nominal weight 8.0% boric acid.

Subsequent handling of the condensate is dependent on the results of sample analysis. Discharge
from the monitor tanks is recycled through the evaporator condensate demineralizers, returned to
the holdup tanks for reprocessing in the evaporator train or discharged to the environment with
the condenser circulating water, when within the allowable activity concentration as discussed in
Section 11. If the sample analysis of the monitor tank contents indicates that it may be
discharged safely to the environment, at least two valves must be opened to provide a discharge
path. As the effluent leaves, it is continuously monitored by the Waste Disposal System liquid
effluent monitor. If an unexpected increase in radioactivity is sensed, one of the valves in the
discharge line to the service water discharge header closes automatically and an alarm sounds in
the control room.

Boric acid evaporator bottoms are discharged through a concentrate filter to the concentrates
holding tank. Solution collected in the concentrates holding tank is sampled and then transferred
to the boric acid tanks if analysis indicates that it meets specifications for use as boric acid
makeup. Otherwise the solution is pumped to the holdup tanks for reprocessing by the
evaporator train.

The concentrated solution can also be pumped from the evaporator to the Waste Disposal System
to be placed in containers. These containers can then be stored at the plant site for ultimate
shipment off-site for disposal.

The deborating demineralizers can be used intermittently to remove boron from the reactor
coolant near the end of the core life. ' When the deborating demineralizers are in operation, the
letdown stream passes from the mixed bed demineralizers, through a deborating demineralizer
and into the volume control tank after passing through the reactor coolant filter.

During plant cooldown, when the residual heat removal loop is operating and the letdown
orifices are not in service, a flow path is provided to remove corrosion impurities and fission
products. A portion of the flow leaving the residual heat exchangers passes through the letdown
heat exchanger, letdown filter, mixed bed demineralizers, reactor coolant filter, and volume
control tank. The fluid is then pumped, via the charging pump, through the tube side of the
regenerative heat exchanger into the Reactor Coolant System. Flow may also bypass the
regenerative heat exchanger and letdown orifices, by way of a direct connection from the 1A
RHR heat exchanger to the letdown heat exchanger.
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Expected Operating Conditions

Tables 9.2-2 and 9.2-3 list the system performance requirements, and data for individual system
components. Reactor coolant equilibrium activities are given in Appendix D.

Reactor Coolant Activity Concentration

The parameters used in the calculation of the reactor coolant fission product inventory, including
pertinent information concerning the expected coolant cleanup flow rate and demineralizer
effectiveness, are presented in Appendix D. In these calculations, 1% defects are assumed to be
present in the fuel rods at initial core loading and are uniformly distributed throughout the
core. The fission product escape rate coefficients are therefore based upon an average fuel
temperature.

The fission product activity in the reactor coolant during operation with small cladding pinholes
or cracks in 1% of the fuel rods is computed using the following differential equations:

For parent nuclides in the coolant,

N —puN. |5 +rp +—2—|N
= 19) — . .
dt U (R T

For daughter nuclides in the coolant,

dN,
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dt

!

B
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where;

= population of nuclide

= fraction of fuel rods having defective cladding

= purification flow, coolant system volumes per sec.

initial boron concentration, ppm

boron concentration reduction rate by feed and bleed, ppm per sec.
removal efficiency of purification cycle for nuclide

radioactive decay constant ’

escape rate coefficient for diffusion into coolant

~ O

|

c >3 oUW
I

Subscript C refers to core

Subscript w refers to coolant
Subscript i refers to parent nuclide
Subscript j refers to daughter nuclide
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Tritium is produced in the reactor from ternary fission in the fuel, irradiation of boron in the
burnable poison rods and irradiation of boron, lithium, and deuterium in the coolant. The
deuterium contribution is less than 0.1 curie per year and may be neglected. The parameters used
in the calculation of tritium production rate are also presented in Appendix D.

Reactor Makeup Control

The reactor makeup control consists of a group of instruments arranged to provide a manually
pre-selected makeup water composition to the charging pump suction header or the volume
control tank. The makeup control functions are to maintain desired operating fluid inventory in
the volume control tank and to adjust reactor coolant boron concentration for reactivity and shim
control.

Makeup for normal plant leakage is regulated by the reactor makeup control, which is set by the
operator to blend water from the reactor makeup water tank with concentrated boric acid to
match the reactor coolant boron concentration.

The makeup system also provides concentrated boric acid or reactor makeup water to either
increase or decrease the boric acid concentration in the Reactor Coolant System. To maintain the
reactor coolant volume constant, an equal amount of reactor coolant at existing reactor coolant
boric acid concentration is letdown to the holdup tanks. Should the letdown line be out of
service during operation, the excess letdown would be available which would aid in providing
sufficient volume in the pressurizer to accept the amount of boric acid necessary for cold
shutdown.

Makeup water to the Reactor Coolant System is provided by the Chemical and Volume Control
System from the following sources:

a. The reactor makeup water tanks, which provide water for dilution when the reactor coolant
boron concentration is to be reduced.

b. The boric acid tanks, which supply concentrated boric acid solution when reactor coolant
boron concentration is to be increased.

c. The refueling water storage tank, which supplies borated water for emergency makeup.

d. The chemical mixing tank, which is used to inject small quantities of solution when additions
of hydrazine or pH control chemical are necessary.

The reactor makeup control is operated from the control room by manually pre-selecting the
desired makeup composition to the charging pump suction header or the volume control tank in
order to adjust the reactor coolant boron concentration for reactivity control. Makeup is provided
to maintain the desired operating fluid inventory in the Reactor Coolant System. The operator
can stop the makeup operation at any time in any opcrating mode. The reactor makeup water
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supply and boric acid transfer pumps are normally lined up for automatic operation as required
by the makeup controller.

A portion of the high-pressure charging flow is injected into the reactor coolant pumps between
the pump impeller and the shaft seal so that the seals and the lower radial bearing are not
exposed to high temperature reactor coolant. The injection flow splits and part becomes the shaft
seal leak-off flow and the remainder enters the Reactor Coolant System through a labyrinth seal
on the pump shaft. The shaft seal leak-off flow cools the lower radial bearing, passes through the
seals, is cooled in the seal water heat exchanger, filtered, and returned to the volume control
tank.

Seal water inleakage to the Reactor Coolant System requires a continuous letdown of reactor
coolant to maintain the desired inventory. In addition, bleed and feed of reactor coolant are
required for removal of impurities and adjustment of boric acid in the reactor coolant.

Automatic Makeup

The “automatic makeup” mode of operation of the reactor makeup control provides boric acid
solution preset by the operator to match the boron concentration in the Reactor Coolant
System. The automatic makeup compensates for minor leakage of reactor coolant without
causing significant changes in the coolant boron concentration.

Under normal plant operating conditions, the mode selector switch is set in the “Automatic
Makeup” position. A preset low level signal (17%) from the volume control tank level controller
causes the automatic makeup control action to open the makeup stop valve to the charging pump
suction, modulate the concentrated boric acid control valve, open the reactor makeup water
control valve and to switch the boric acid transfer pumps to high speed operation. The flow
controllers then blend the makeup stream according to the preset concentration. .Makeup
addition to the charging pump suction header causes the water level in the volume control tank to
rise. At a preset high level set-point (27%), the makeup is stopped; the reactor makeup water
control valve closes, the concentrated boric acid control valve returns to its normal position
(open), the makeup stop valve to charging pump suction closes, and the boric acid transfer
pumps are returned to their previous mode of operation. :

Dilution

The “dilute” mode of operation permits the addition of a pre-selected quantity of reactor makeup
water at pre-selected flow rate to the Reactor Coolant System. The operator sets the mode
selector switch to “dilute”, the reactor makeup water flow controller set point to the desired flow
rate, and the reactor makeup water batch integrator to the desired quantity. Upon manual start of
the system the makeup stop valve to the volume control tank opens, and the reactor makeup
water control valve opens. Makeup water is added to the volume control tank and then goes to
the charging pump suction header. Excessive rise of the volume control tank water level is
prevented by automatic actuation (by the tank Ievel controller) of a three-way diversion valve,
which routes the reactor coolant letdown flow to the holdup tanks. When the preset quantity of
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reactor makeup water has been added, the batch integrator causes the reactor makeup water
control valve and makeup stop valve to close.

Alternate Dilute

The “alternate dilute” mode is similar to the dilute mode except the dilution water, after passing
through the blender, splits and a portion flows directly to the charging pump suction and a
portion flows into the volume control tank via the spray nozzle and then flows to the charging
pump suction. The operator sets the mode selector switch to “alternate dilute”, the reactor
makeup water flow controller set point to the desired flow rate, the reactor makeup water batch
integrator to the desired quantity, and actuates the makeup start. The start signal causes the
makeup control to open the makeup stop valve to the volume control tank, the makeup stop valve
to the charging pump suction header, and the reactor makeup control valve. Reactor makeup
water is simultaneously added to the volume control tank and to the charging pump suction
header. This mode is used for load follow and permits the dilution water to follow the initial
xenon transient and simultaneously dilute the volume control tank. Excessive water level in the
volume control tank is prevented by automatic actuation of the volume control tank level
controller which routes the reactor coolant letdown flow to the holdup tanks. When the preset
quantity of reactor makeup water has been added, the batch integrator causes the reactor makeup
water control valve and the reactor makeup stop valves to close. This operation may be stopped
manually by actuating the makeup stop.

Boration

The “borate” mode of operation permits the addition of a pre-selected quantity of concentrated
boric acid solution at a pre-selected flow rate to the Reactor Coolant System. The operator sets
the mode selector switch to “borate”, the concentrated boric acid flow controller set point to the
desired flow rate, and the concentrated boric acid batch integrater to the desired quantity. Upon
manual start of the system the makeup stop valve to the charging pumps opens, the concentrated
boric acid control valve modulates, the boric acid transfer pumps start, if not already running,
and the concentrated boric acid is added to the charging pump suction header. The total quantity
added in most cases is so small that it has only a minor effect on the volume control tank
level. When the preset quantity of concentrated boric acid solution has been added, the batch
integrater causes the boric acid control valve and the makeup stop valve to the charging pump
suction to return to their normal position, and stops the Boric Acid Transfer Pumps.

The capability to add boron to the reactor coolant is such that it imposes no limitation on the rate
of cooldown of the reactor upon shutdown. The maximum rates of boration and the equivalent
coolant cooldown rates are given in Table 9.2-2. One set of values is given for the addition of
boric acid from a boric acid tank with one transfer and one charging pump operating. The other
set assumed the use of refueling water but with two-of-the-three charging pumps operating. The
rates are based on full operating temperature and on the end of the core life when the moderator
temperature coefficient is most negative.
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By manual action of the operator, the boric acid transfer pumps can discharge directly to the
charging pump suction and bypass the blender and volume control tank.

Alarm Functions

The reactor makeup control is provided with alarm functions to call attention to the following
conditions:

4 Deviation of reactor makeup water flow rate from the control set point by 5 gpm.

+ Deviation of concentrated boric acid flow rate from the control set point by + 0.2 gpm.

¢ Low level (makeup initiation point) in the volume control tank if the level decreases to the
low level makeup initiation set point.

Charging Pump Control

Three positive-displacement variable-speed-drive-charging pumps are used to supply charging
flow to the Reactor Coolant System.

The speed of each pump can be controlled manually or automatically. During normal operation,
charging pumps are operated as necessary to maintain inventory in the reactor coolant
system. During load changes, the pressurizer level set point is varied automatically to
compensate partially for the expansion or contraction of the reactor coolant associated with the
Tavg changes. Automatic control of charging pump speed does not change rapidly with
pressurizer level variations due to the reset action of the pressurizer level controller.

If the pressurizer level increases, the speed of the pump decreases; likewise, if the level
decreases, the speed increases. If the charging pump on automatic control reaches the high speed
limit, an alarm is actuated and a second pump is manually started. The speed of the second
pump is manually regulated. If the speed of the charging pump on automatic control does not
decrease and the second charging pump is operating at maximum speed, the third charging pump
can be started and its speed manually regulated. If the speed of the charging pump on automatic
control decreases to its minimum value, an alarm is actuated and the speed of the pumps on
manual control is reduced.

A selector switch is used to choose one-of-two pressurizer water level channel signals for input
to a single level controller, which in turn controls charging pump speed.

The charging pump cannot overpressurize the system because:
1. The spray system in the pressurizer can suppress maximum charging flow.

2. Assuming a spray failure (single failure), the power operated relief valves can handle more
than the maximum charging flow (2 channels).
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3. Assuming three failures (spray and two power operated relief valves), the code relief valves
can handle more than the maximum charging flow.

In addition, there are many redundant and diverse alarms to bring the operator’s attention to the
situation (high pressurizer pressure, high pressurizer water level, pressurizer level deviation,
etc.). There is also an alarm on reaching the high or low limits imposed on the automatic control
signal to the pump controller. The operator would then go to manual control of the charging
pumps.

To ensure that the charging pump flow is always sufficient to meet the RCP seal water
requirements, the pump has a control stop which can be preset and does not permit pump flow
lower than the specified minimum. This control stop is adjustable to permit higher minimum
flow limits to be set if mechanical seal leakage increases during plant life.

Components
A summary of principal component data is given in Table 9.2-3.
Regenerative Heat Exchanger

The regenerative heat exchanger is designed to recover the heat from the letdown stream by
re-heating the charging stream during normal operation. This exchanger also limits the
temperature rise, which occurs at the letdown orifices during periods when letdown flow exceeds
charging flow by a greater margin than at normal letdown conditions.

The letdown stream flows through the shell of the regenerative heat exchanger and the charging
stream flows through the tubes to place the lower pressurc requirements on the shell. The unitis
a three shell, multiple tube pass heat exchanger made of austenitic stainless steel, and is of all-
welded construction.

Letdown Orifices

One of the three letdown orifices controls flow of the letdown stream during normal operation
and reduces the pressure to a value compatible with the letdown heat exchanger design. Either of
two letdown orifices, each 40 gpm, is used to pass normal letdown flow. The third orifice, 80
gpm, is designed to be used for maximum purification flow at normal Reactor Coolant System
operating pressure and can pass twice the normal letdown flow. The orifices are placed in and
taken out of service by remote manual operation of their respective isolation valves. One or both
of the standby orifices may be used in parallel with the normally operating orifice in order to
bring the letdown flow up to normal when the Reactor Coolant System pressure driving force is
below normal. This arrangement provides a full standby capacity for control of letdown flow.
Each orifice consists of bored pipe made of austenitic stainless steel.
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Letdown Heat Exchanger

The letdown heat exchanger cools the letdown stream to the operating temperature of the mixed
bed demineralizers. Reactor coolant flows through the tube side of the exchanger while
component-cooling water flows through the shell. The letdown stream outlet temperature is
automatically controlled by a temperature control valve in the component cooling water outlet
stream. The unit is a multiple-pass tube-and-shell heat exchanger. All surfaces in contact with
the reactor coolant are austenitic stainless steel, and the shell is carbon steel. Since the maximum
operating temperature for the components in question is considerably less than 200°F (maximum
operating temperatures are 125°F for the letdown heat exchanger shell, 130°F for the charging
pump, and 100°F for the monitor tank pump), a design temperature of 200°F provides adequate
margin. An increase in design temperature to 250°F would not provide any significant changes
in equipment design and would not affect reactor safety.

If a significant leak develops in the letdown heat exchanger, such that the charging system is
unable to maintain pressurizer water level, the letdown line isolation valves near the reactor
coolant loop will trip closed. The excess letdown path can then be placed in service while
maintenance is performed on the letdown heat exchanger.

Mixed Bed Demineralizers

Two flushable mixed bed demineralizers maintain reactor coolant purity. A lithium-7 (or H+
form) cation resin and a hydroxyl form anion resin are initially charged into the
demineralizers. Both forms of resin remove fission and corrosion products, and, in addition, the
reactor coolant causes the anion resin to be converted to the borate form. The resin bed is
designed to reduce the concentration of ionic isotopes in the purification stream.

Each demineralizer is sized to accommodate the normal letdown flow. One demineralizer serves
as a standby unit for use if the operating demineralizer becomes exhausted during operation.

The demineralizer vessels are made of austenitic stainless steel, and are provided with suitable
connections to facilitate resin replacement when required. The vessels are equipped with aresin
retention screen. Each demineralizer has sufficient capacity, after operation for one core cycle
with 1% defective fuel rods, to reduce the activity of the reactor coolant to refueling
concentration.

Cation Bed Demineralizer

A flushable cation resin bed in the hydrogen form is located downstream of the mixed bed
demineralizers and is used intermittently to control the concentration of lithium-7 which builds -
up in the coolant from the B'® (n, o) Li’ reaction. The demineralizer also has sufficient capacity
to maintain the cesium-137 concentration in the coolant below 1.0 nCi/cc with 1% defective
fuel. The demineralizer would be used intermittently to control cesium.
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The demineralizer is made of austenitic stainless steel and is provided with suitable connections
to facilitate resin replacement when required. The vessel is equipped with a resin retention
screen.

Deborating Demineralizers

When required, two anion demineralizers remove boric acid from the Reactor Coolant System
fluid. The demineralizers are provided for use near the end of a core cycle, but can be used at
any time. Hydroxyl-form ion-exchange resin is used to reduce Reactor Coolant System boron
concentration. Facilities are provided for regeneration. When regencration is no longer feasible
the resin is flushed to the spent resin-shipping cask.

Each demineralizer can remove the quantity of boric acid that must be removed from the Reactor
Coolant System to maintain full power operation near the end of core life without the use of the
holdup tanks or evaporators.

Resin Fill Tank

The resin fill tank is used to charge fresh resin to the demineralizers. The line from the conical
bottom of the tank is fitted with a dump valve and may be connected to any one of the
demineralizer fill lines. The demineralized water and resin slurry can be sluiced into the
demineralizer by opening the dump valve. The tank, designed to hold approximately one-third
the resin volume of one mixed bed demineralizer, is made of austenitic stainless steel.

Reactor Coolant Filter

This filter collects resin fines and particulates larger than 25 microns from the letdown
stream. The vessel is made of austenitic stainless steel, and is provided with connections for
draining and venting. Design flow capacity of the filter is equal to the maximum purification
flow rate. Disposable synthetic bag filter elements arc used.

VYolume Control Tank

The volume control tank collects the excess water, released from zero power to full power that is
not accommodated by the pressurizer. It also receives the excess coolant release caused by the
deadband in the reactor control temperature instrumentation. Overpressure of hydrogen gas is
maintained in the volume control tank to control the hydrogen concentration in the reactor
coolant at 25 to 50 cc per kg of water (standard conditions).

A spray nozzle is located inside the tank on the VCT inlet line coming from the reactor coolant
filter. This spray nozzle provides intimate contact to equilibrate the gas and liquid phases. A
remotely operated vent valve discharging to the Waste Disposal System permits removal of
gaseous fission products which are stripped from the reactor coolant and collected in this
tank. Post-accident the volume control tank vents gascous fission products to containment. The
volume control tank also acts as a head tank for the charging pumps and a reservoir for the
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leakage from the reactor coolant pump controlled-leakage seal. The tank is constructed of
austenitic stainless steel.

Charging Pumps

Three charging pumps inject coolant into the Reactor Coolant System. The pumps are the
variable-speed positive-displacement type, and all parts in contact with the reactor coolant are
fabricated of austenitic stainless steel and other material of adequate corrosion
resistance. Special low-chloride packing is used in the pump glands. These pumps have
mechanical packing followed by a leakoff to collect reactor coolant before it can leak to the
outside atmosphere. Pump leakage is piped to the RHR sump pump pit. The pump design
precludes the possibility of lubricating oil contaminating the charging flow, and the integral
discharge valves act as check valves.

Each charging pump has sufficient capacity (60 gpm) to compensate for normal letdown
purification flow (40 gpm) and No. 1 seal leakage (normally 3 gpm/pump) and, thus, maintain
the proper reactor coolant total inventory, temperature and pressure. Each pump is designed to
provide rated flow against a pressure equal to the sum of the Reactor Coolant System maximum
pressure (existing when the pressurizer power operated relief valve is operating) and the piping,
valve and equipment pressure losses of the charging system at the design charging flows.

A suction stabilizer and pulsation dampener have been installed on the inlet and discharge piping
of each of the three charging pumps. The installation significantly reduces vibration and stress
levels on the charging pumps.

One of the three charging pumps can be used to hydrotest the Reactor Coolant System. A small
motor can be directly coupled to the pump for hydrostatic test purposes. A design change
removed the small motor, and disconnected the power and control cables; however, the hydrotest
capability still exists.

Chemical Mixing Tank

The primary use of the chemical mixing tank is in the preparation of pH control chemical
solutions and hydrazine for oxygen scavenging.

The capacity of the chemical mixing tank is determined by the quantity of 35% hydrazine
solution necessary to increase the concentration in the reactor coolant by 10 ppm. This capacity
is more than sufficient to prepare the solution of pH control chemical for the Reactor Coolant
System. The chemical mixing tank is made of austenitic stainless steel.

The mixing tank is provided with an orifice located in the reactor makeup water inlet line to limit
the flow rate through the tank as the solution is flushed to the charging pump suction. The
orifice is designed to pass the tank volume within 2.5 minutes by the reactor makeup water
pressure.
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Demineralizer Letdown Pre-Filter

The filters, a normal and a bypass, collect particulates larger than 15 microns from the letdown
stream before it enters the demineralizers. The vessels are made of austenitic stainless steel, and
are provided with connections for draining and venting. Design flow capacity of each filter is
equal to the maximum purification flow rate. Disposable filter elements are used.

Excess Letdown Heat Exchanger

The excess letdown heat exchanger cools reactor coolant letdown flow at a rate equal to the
nominal injection rate through the reactor coolant pump labyrinth seal, if letdown through the
normal letdown path is blocked. The unitis designed to reduce the letdown stream temperature
from the cold-leg temperature to 195°F. The letdown stream flows through the tube side and
component cooling water is circulated through the shell side. All surfaces in contact with reactor
coolant are austenitic stainless steel and the shell is carbon steel. All tube joints are
welded. Flanges have been installed in the excess letdown line to the heat exchanger to permit
tube bundle removal.

Seal Water Heat Exchanger

The seal water heat exchanger removes heat from the reactor coolant pump seal water returning
to the volume control tank and reactor coolant discharge from the excess letdown heat
~ exchanger. Reactor coolant flows through the tubes and component cooling water is circulated
through the shell side. The tubes are welded to the tube sheet to prevent leakage in either
direction, which would result in undesirable contamination of the reactor coolant or component
cooling water. All surfaces in contact with reactor coolant are austenitic stainless steel and the
shell is carbon steel.

The unit is designed to cool the excess letdown flow and the seal water flow to the temperature
normally maintained in the volume control tank if all the reactor coolant pump seals are leaking
at the maximum design leakage rate.

Seal Water Filter

The filter collects particulates larger than 25 microns from the reactor coolant pump seal water
return and from the excess letdown heat exchanger flow. The filter is designed to pass the sum
of the excess letdown flow and the maximum design leakage from the reactor coolant pump
controlled-leakage seals. The vessel is constructed of austenitic stainless steel and is provided
with connections for draining and venting. Disposable synthetic filter cartridges are used.

Seal Water Injection Filters
Two filters are provided in parallel, each sized for the injection flow. They collect particulates

larger than S microns from the water supplied to the reactor coolant pump seal. The vessel is
constructed of stainless steel and the filter elements are disposable cartridges.
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Boric Acid Filter

The boric acid filter collects particulates larger than 25 microns from the boric acid solution
being pumped to the charging pump suction line. The filter is designed to pass the design flow
of two boric acid transfer pumps operating simultaneously and at high speed. The vessel is
constructed of austenitic stainless steel and the filter elements are disposable synthetic
cartridges. Provisions are available for venting and draining the filter.

Boric Acid Tanks

The boric acid tank capacities are sized to store sufficient boric acid solution for refueling plus
enough boric acid solution for cold shutdown shortly after full power operation is achieved. In
addition, each tank has sufficient boric acid solution to achieve cold shutdown if the most
reactive RCCA is not inserted.

The concentration of boric acid solution in storage is maintained between 7.5 and 8.5% by
- weight (13,000 to 15,000 ppm boron) at a temperature of at least 125°F. Periodic manual
sampling is performed and corrective action is taken, if necessary, to ensure that these limits are
maintained. '

As a consequence, measured amounts of boric acid solution can be delivered to the reactor
coolant to control the chemical poison concentration. The combination overflow and breather
vent connection has a water loop seal to minimize vapor discharge during storage of the
solution. The tanks are constructed of austenitic stainless steel.

Boric Acid Tank Heaters

Two 100% capacity electric immersion heaters located near the bottom of each boric acid tank
are designed to maintain the temperature of the boric acid solution at nominal 135°F with an
ambient air temperature of 40°F. Thus ensuring a temperature in excess of the solubility limit
(for 8.5% weight boric acid solution, crystallization occurs at 105°F). The temperature is
monitored and is alarmed (high and low temperature alarms) in the control room. The heaters
are sheathed in austenitic stainless steel.

Batching Tank

The batching tank is sized to hold 6 days makeup supply of nominal 8.0% boric acid solution for
the boric acid tank. The basis for makeup is reactor coolant leakage of %2 gpm at beginning of
core life. The tank is also used for solution storage. A local sampling point is provided for.
verifying the solution concentration prior to transferring it to the boric acid tank.

A tank manway is provided, with a removable screen to prevent entry of foreign material. In

addition, the tank is provided with an agitator to improve mixing during batching operation. The
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tank is constructed of austenitic stainless steel and is not used to handle radioactive
substances. The tank is provided with a steam jacket for heating the boric acid solution to 135°F.

The source of heat for the steam-jacketed boric acid batching tank is the process steam.

The boric acid batching tank is not required under post-accident conditions, since the boric acid
tanks or the refueling water storage tank are used to supply the borated water required for safe
shutdown.

Boric Acid Transfer Pumps

Two centrifugal pumps with two-speed motors are used to circulate or transfer boric acid. The
pumps circulate boric acid solution through the boric acid tanks and inject boric acid into the
charging pump suction header.

Normally one pump is used for boric acid batching and transfer. Both pumps are used for boric
acid injection. The design capacity of each pump is equal to the normal letdown flow rate. The
design head at high speed is sufficient, considering line and valve losses, to deliver rated flow to
the charging pump suction header when volume control tank pressure is at the maximum
opcrating value (relief valve setting). All parts in contact with the solutions are austenitic
stainless steel and other adequately corrosion-resistant materials.

The enclosures around the Boric Acid Transfer Pumps are heated to prevent boric acid
solidification. Each pump is heated by two cartridge heaters installed in stainless steel blocks
mounted to the base of the pump. The suction piping within the enclosure is heated by fin strip
heaters located on the sides of the piping. The electrical configuration maintains train separation
of the heaters for each pump.

The transfer pumps are operated either automatically or manually from the main control -
room. The reactor makeup control operates both pumps automatically at high speed when boric
acid solution is required for makeup or boration.

Boric Acid Blender

The boric acid blender enhances thorough mixing of boric acid solution and reactor makeup
water from the reactor makeup supply circuit. The blender consists of a conventional pipe elbow
fitted with a perforated tube insert. All material is austenitic stainless steel. The blender
decreases the pipe length required to homogenize the mixture.

Recycle Process

Holdup Tanks

Three holdup tanks contain radioactive liquid, which enters from the letdown line. The liquid is
released from the Reactor Coolant System during startup, shutdown, and load changes and from
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boron dilution to compensate for burnup. The contents of one tank may be processed by the gas
stripper/boric acid evaporator package while another tank is available as a standby. The total
liquid storage capacity of the three holdup tanks is designed to meet the liquid dilution required
to return to power from cold shutdown when the unit is at approximately 90% of core life. The
tanks are constructed of austenitic stainless steel.

The tanks utilize the gas decay tanks, with nitrogen as a backup, to prevent oxygen
contamination.

Holdup Tank Recirculation Pump

The holdup tank recirculation pump is a centrifugal type used to mix the contents of a holdup
tank or transfer the contents of one holdup tank to another. The pump is sized to transfer the
contents of one tank to another in less than two hours. The wetted surface of this pump is
constructed of austenitic stainless steel.

Gas Stripper Feed Pumps

Two canned rotor centrifugal gas stripper feed pumps supply feed from a holdup tank to the gas
stripper/evaporator train. The capacity of each pump is equal to twice the gas stripper/evaporator
capacity. The non-operating pump is a standby and is available for operation in the event the
operating pump malfunctions. These centrifugal pumps are constructed of austenitic stainless
steel.

Evaporator Feed Ion Exchangers

Three flushable evaporator feed ion exchangers remove cation contamination from the holdup
tank effluent. Experiments performed by Westinghouse indicate that the decontamination factor
for cesium (see Appendix D) is conservative. One ion exchanger has sufficient capacity to
supply the gas stripper/evaporator train. These ion exchangers may be operated in parallel or
series. Each vessel is constructed of austenitic stainless stcel and contains a resin retention
screen.

Ion Exchanger Filters

These filters collect resin fines and particulates from the evaporator feed ion exchanger. The

vessels are made of austenitic stainless steel and are provided with connections for draining and
venting. Disposable synthetic filter cartridges are used. The design flow capacity is equal to the
boric acid evaporator flow rate.

Boric Acid Evaporator/Gas Stripper Package

One boric acid evaporator/gas stripper package is provided to remove radioactive gases and
concentrate boric acid for reuse in the reactor coolant system.
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Liquid effluent from the holdup tanks is preheated and then passed through the gas stripper
column where dissolved and entrained gases are removed. The feed stream leaving the column
enters the evaporator where the water and boric acid is concentrated in the evaporator shell to a
nominal 8.0% weight boric acid solution and then pumped out. All liberated noncondensible
gases flow to the vent header.

The evaporator/gas stripper package consists of a feed pre-heater, vent condenser, stripping
column, evaporator, absorption tower, evaporator condenser, distillate cooler and the following
pumps: two evaporator concentrates pumps and two distillate pumps. The package also includes
valves, piping and associated component and process instrumentation.

All evaporator/gas stripper package equipment in contact with the process fluid is constructed of
austenitic stainless steel.

Evaporator Condensate Demineralizers

Two demineralizers remove the radioactive contaminants carried over with the evaporator
condensate. When the resin is exhausted, it is flushed to the Waste Disposal System. Normally
one demineralizer is used as needed, with one available as a standby. The demineralizer vessels
are constructed of austenitic stainless steel.

Condensate Filter

A filter collects resin fines and particulates larger than 25 microns from the boric acid evaporator
condensate stream. The required flow capacity of the filter is based on the boric acid evaporator
flow rate. The vessel is made of austenitic stainless steel and is provided with a connection for
draining and venting. Disposable synthetic filter elements are used. The design flow capacity of
the filter is equal to the boric acid evaporator flow rate.

Monitor Tanks

The monitor tanks permit continuous operation of the evaporator train. When one tank is filled,
the contents are analyzed and discharged to the Waste Disposal System. The monitor tanks can
also be filled by water from the makeup water treatment system. The monitor tank capacity
permits the continuous evaporator operation at 15 gpm and requires sampling and laboratory
analysis three times per day. These tanks are constructed of austenitic stainless steel.

Monitor Tank Pumps

Two monitor tank pumps discharge water from the monitor tanks. Each pump is designed to
empty a monitor tank in 1.5 hours. The pumps are constructed of austenitic stainless steel.
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Reactor Makeup Water Tanks

Two reactor makeup-water tanks contain liquid supplied from the makeup water
demineralizers. The monitor tanks, after sampling has shown the liquid to be of proper quality
and acceptable radioactivity level, could be transferred to the reactor makeup tank, if
desired. These stainless steel tanks serve as a source of Reactor Coolant System makeup water.

Reactor Makeup Water Pumps

Two reactor makeup water pumps serve as a supply source for the Reactor Coolant Makeup
System. These austenitic stainless steel pumps take suction from the reactor makeup water
tanks.

Concentrates Filter

A disposable synthetic cartridge type filter removes particulates larger than 25 microns from the
evaporator concentrates. Design flow capacity of the filter is equal to the boric acid evaporator
concentrates transfer pump capacity. The vessel is made of austenitic stainless steel.

Concentrates Holding Tank

The concentrates holding tank is sized to hold one batch of concentrates from operation of the
evaporator. The tank is supplied with an electrical heater, which prevents boric acid
precipitation and is constructed of austenitic stainless steel.

Concentrates Holding-Tank Transfer Pumps

Two holding-tank transfer pumps discharge boric acid to the boric acid tanks or to the holdup
tanks for recycling.

Electrical Heat Tracing

Electrical heat tracing is installed under the insulation on all piping, valves, line-mounted
instrumentation, and components normally containing concentrated boric acid solution. The heat
tracing compensates for heat loss due to cooling and prevents boric acid precipitation. The heat
tracing system was designed in accordance with the following criteria:

1. 100% redundant and separate heat tracing systems are provided, with the exceptions that the
concentrates holding tank is equipped with a single immersion heater, and the boric acid
batching tank is steam heated.

2. The heat tracing system is designed to maintain the fluid temperature between 125°F and
135°F with an ambient air temperature of 40°F.
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3. Each redundant heat tracing system is supplied from a separate power source connected to
the redundant emergency diesel generators.

4. Normally, only one heat tracing system is energized. Failure of the energized heat tracing
system is annunciated in the control room. An automatic transfer of control from the primary
to the standby heat tracing system is achieved by energizing the redundant system by
different settings in the two separate control thermostats, such that on failure of the primary
system, the standby system will pick-up automatically without reaching the low temperature
alarm setting.

5. The boric acid tanks are equipped with individual means of heating by immersion heaters
supplied, as in (3) above.

The lines and components of the Chemical and Volume Control System (CVCS) which are
provided with heat tracing or heater enclosures are shown in Figures 9.2-1 through 9.2-5.

The boric acid tanks, boric acid batching tank, and the concentrates holding tank are provided
with individual means of heating and need not be electrically heat traced.

Redundant electrical heat tracing is installed on all sections of the CVCS normally containing
boric acid solution, to provide standby capacity if the operating section malfunctions. The power
supply for the redundant lines of heat tracing is connected to the diesel-powered buses to ensure
continuous operation during a prolonged outage of normal power supplies.

The combination of electrical heat tracing and insulation maintains the temperature of the piping
and contents at 125°F to 135°F with an ambient air temperature of 40°F. Separate thermostatic
controls are provided for each of the duplicate sets of heat tracing to maintain the temperature
within the specified control band. A high/low alarm is provided in the control room to warn of
failure to maintain the normal temperature control band for the piping and equipment containing
concentrated boric acid solution. Transfer of control between the redundant heat tracing is an
automatic operation. Any single failure of a heat tracing line, heater controller or alarm will not
result in a reduction of temperature below the point where precipitation of concentrated boric
acid might occur.

Valves

Valves for radioactive service that perform a modulating function are equipped with two scts of
packing and an intermediate leakoff connection that discharges to the Waste Disposal
System. Manual and motor operated valves larger than 2 inches for radioactive service, with
fluids at temperatures above 212°F, also have an intermediate leakoff connection that discharges
to the Waste Disposal System. Globe valves are installed with flow over the seats when such an
arrangement reduces the possibility of leakage. Basic material of construction is stainless steel
for all valves except the batching tank steam jacket valves, which are carbon steel.
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9.23

Isolation valves are provided at all connections to the Reactor Coolant System. Lines with flow
into the reactor containment also have check valves inside the containment to prevent reverse
flow from the containment.

Relief valves are provided for lines and components that might be pressurized above design
pressure by improper operation or component malfunction. Pressure relief for the tube side of
the regenerative heat exchanger, is provided by the check valve, which bypasses the charging line
isolation valve.

Piping

All CVCS piping handling radioactive liquid is austenitic stainless steel. All piping joints and
connections are welded, except where flanges are required to facilitate equipment removal for
maintenance.

SYSTEM DESIGN EVALUATION
Availability and Reliability

A high degree of functional reliability is assured in this system by providing standby components
and by assuring fail-safe response to the most probable mode of failure. Special provisions
include duplicate heat tracing (with alarm protection) of lines, valves, and components normally
containing concentrated boric acid.

The system has three high-pressure charging pumps, each capable of supplying the normal
reactor coolant pump seal and makeup flow.

The electrical equipment of the Chemical and Volume Control System is arranged so that
multiple items receive their power from various 480-V buses as described in Section 8.

The two boric acid transfer pumps are powered from separate 480-V buses. One charging pump
and one boric acid transfer pump are capable of meeting cold shutdown requirements shortly
after full-power operation. In cases of loss of a-c power, any charging pump and boric acid
transfer pump can be energized from diesel generator power.

Control of Tritium

The Chemical and Volume Control System is used to control the concentration of tritium in the
Reactor Coolant System. Essentially all of the tritium is in the chemical combination with
oxygen as a form of water. Therefore, any leakage of coolant to the containment atmosphere
carries tritium in the same proportion as it exists in the coolant. Thus, the level of tritium in the
containment atmosphere, when it is sealed from outside air ventilation, is a function of tritium
level in the reactor coolant, the cooling water temperature at the cooling coils, which determines
the dew point temperature of the air, and the presence of leakage other than reactor coolant as a
source of moisture in the containment air.
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There are two major considerations with regard to the presence of tritium:

a. Possible plant personnel hazard during access to the containment. Leakage of reactor coolant
during operation with a closed containment causes an accumulation of tritium in the
containment atmosphere. It is desirable to limit the accumulation to allow containment
access.

b. Possible public hazard due to release of tritium to the plant environment.
Neither of these considerations is limiting in this plant.

The concentration of tritium in the reactor coolant is maintained at a level, which precludes
personnel hazard during access to the containment. This is achieved by discharging the
condensate from the boric acid recovery process via the plant circulating water discharge.

The uncertainties associated with estimating the amounts of tritium generated are discussed in
Appendix D.

Periodic determinations of tritium concentrations will be made by liquid scintillation counting of
condensed water vapor from the containment.

Leakage Prevention

Quality control of the material and the installation of the Chemical and Volume Control System
valves and piping, which are designated for radioactive service, is provided in order to essentially
eliminate leakage to the atmosphere. The components designated for radioactive service are
provided with welded connections to prevent leakage to the atmosphere. However, flanged
connections are provided in each charging pump suction and discharge, on each boric acid pump
suction and discharge, on the relief valves inlet and outlet, on three-way valves, on the flow
meters and elsewhere where necessary for maintenance.

The positive displacement charging pumps stuffing boxes are provided with leakoffs to collect
reactor coolant before it can leak to the atmosphere. All valves which are larger than 2 inches
and which are designated for radioactive service at an operating fluid temperature above 212°F
are provided with a stuffing box and lantern leakoff connections. Leakage to the atmosphere is
essentially zero for these valves. All control valves are either provided with stuffing box and
leakoff connections or are totally enclosed. Leakage to the atmosphere is essentially zero for
these valves. '

Diaphragm valves are provided where the operating pressure and the operating temperature
permit the use of these valves. Leakage to the atmosphere is essentially zero for these valves.
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Incident Control

The letdown line and the reactor coolant pumps seal water return lines penetrate the reactor
containment. The letdown line contains two air-operated valves inside the reactor containment
upstream of the regenerative heat exchanger. Three parallel air-operated orifice block valves
inside the reactor containment and an air-operated valve outside the reactor containment are
automatically closed by the containment isolation signal.

The reactor coolant pump’s seal water return line contains one motor-operated isolation valve
outside and one inside the reactor containment which are automatically closed by the
containment isolation signal.

The two seal-water injection lines to the reactor coolant pumps and the charging line arc inflow
lines penetrating the reactor containment. Each line contains two check valves inside the reactor
containment to provide isolation of the reactor containment if a break occurs in these lines
outside the reactor containment.

Malfunction Analysis

To evaluate system safety, failures or malfunctions were assumed concurrent with a loss-of-
.coolant accident and the consequences analyzed and presented in Table 9.2-4. As aresult of this
evaluation, it is concluded that proper consideration has been given to plant safety in the design
of the system.

If a rupture were to take place between the reactor coolant loop and the first isolation valve or
check valve, this incident would lead to an uncontrolled loss of reactor coolant. The analysis of
loss-of-coolant accidents is discussed in Section 14.

Should a rupture occur in the Chemical and Volume Control System outside the containment, or
at any point beyond the first check valve or remotely operated isolation valve, actuation of the
valve would limit the release of coolant and assure continued functioning of the normal means of
heat dissipation from the core. For the general case of rupture outside the containment, the
largest source of radioactive fluid subject to release is the contents of the volume control
tank. The consequences of such a release are considered in Section 14. \
When the reactor is sub-critical; i.e., during cold or hot shutdown, refueling, and approach to
criticality, the relative reactivity status (neutron source multiplication) is continuously monitored
and indicated by fission chambers counters and count rate indicators. Any appreciable increase
in the neutron source multiplication, including that caused by the maximum physical boron
dilution rate, is slow enough to give ample time to start a corrective action (boron dilution stop
and/or emergency boron injection) to prevent the core from becoming critical. See Section 14
for a more complete discussion of boron dilution accidents.

At least three separate and independent flow paths are available for reactor coolant boration; i.e.,
the charging line or through the two reactor coolant pump labyrinths. The malfunction or failure
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of one component will not result in the inability to borate the Reactor Coolant System. An
alternate flow path is always available for emergency boration of the reactor coolant. As backup
to the boration system, the operator can align the refueling water storage tank outlet to the
suction of the charging pumps.

Concentrated boric acid can be injected into the reactor coolant system by means of the charging
pumps through two flow paths:

a) normal charging line (30 gpm), or

b) seal water supply lines to the two reactor coolant pumps while bypassing seal injection filters
(8 gpm per pump 3 gpm of which leaks back into the CVCS and 5 gpm of which passes into
the RCS).

Each flow path is provided with a flow indicator.

Suction to the charging pumps can be delivered through three flow paths:
a) the blender and flow control valve,

b) alocal manual valve path, or

c) an emergency boration path through the motor operated valve.

Each flow path is provided with a ﬂo.w meter.

A letdown or charging line break would be indicated by excessive auto-makeup to the volume
control tank. A break in the charging line or upstrcam of the letdown orifices in the letdown line
would also result in an increase in charging pump speed and a possible hi-speed alarm,
depending on the break size. Ifthe break size is such that the charging/letdown system is unable
to maintain pressurizer water level, the letdown line isolation valves near the reactor coolant loop
would be tripped closed by a low level signal from the pressurizer level instrumentation
(redundant valves and level channels are provided to insure letdown isolation in the event of a
single active failure).

In the event that the letdown line must be isolated, except in an emergency, the charging line is
also isolated to avoid thermal shocking of the charging line penetrations into the Reactor Coolant
System. If the charging line must be isolated, the letdown line is also isolated to avoid flashing
of the letdown stream as the pressure of the high temperature flow is reduced.

With the letdown and charging lines isolated, the Reactor Coolant System can be borated via the
reactor coolant pump labyrinth seals by allowing the pressurizer water level to increase. If
letdown of reactor coolant is necessary, the excess letdown line is capable of letting down a flow
equivalent to the total labyrinth seal in-leakage from both reactor coolant pumps. As the system
is cooled down, makeup water to maintain pressurizer level would be provided through the
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labyrinth seals. Therefore, the normal charging and letdown paths are not required to go to cold
shutdown condition.

The minimum rate of injection of boric acid solution into the Reactor Coolant System is 10 gpm
from the labyrinth seal leakage through each reactor coolant pump. With this injection rate and
charging not in service, the time necessary to borate the system sufficiently for a cold shutdown
is approximately five hours at EOL. Normal charging capability is 40 gpm (30 gpm through the
charging line plus 10 gpm through the reactor coolant pump labyrinth seals), which can borate
the reactor coolant system to the concentration necessary for a cold shutdown in approximately
1.5 hours. With the charging and letdown lines out of service, the length of time necessary to
bring the reactor to cold shutdown conditions is increased by the three additional hours necessary
to reach the appropriate boron concentration as discussed above.

Concentrated boric acid is normally injected into the Reactor Coolant System by means of the
charging pumps which take suction from the boric acid tanks via the boric acid transfer
pumps. Each operation is considered in turn:

1. Concentrated boric acid can be delivered to the suction of the charging pumps using the
following paths:

a. Through the blender and flow control valve. For this operation the operator may read the
flow meter and the boric acid tank level indicators.

b. Through a local manual valve path. For this operation the operator may read the flow
meter and the boric acid tank level indicators.

c. In the event that neither flow path “a” nor “b” is available, the operator would use the
emergency boration path through the motor operated valve. For this emergency
operation the operator may read the emergency path flow meter and the boric acid tank
level.

2. The charging pumps can deliver concentrated boric acid into the Reactor Coolant System via
the following paths:

a. Normal charging line with flow meter.

b. Seal water supply lines to the two reactor coolant pumps while bypassing the seal
injection filters. If either path had to be used, local and Control Room flow indicators
would indicate flow.

3. The Safety Injection pumps can also take a suction from the RWST and provide borated
water to the RCS, when the RCS pressure is less than Safety Injection pump shutoff
head. The quantity of boric acid stored in the RWST is sufficient to achiecve Cold Shutdown
at any time during core life.
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On loss of seal injection water to the reactor coolant pump seals, seal water flow can be re-
established by manually starting a standby-charging pump. Even ifthe seal water injection flow
is not immediately re-established, the plant can continue to operate temporarily. The thermal
barrier cooler has sufficient capacity to cool the reactor coolant flow which will pass through the
thermal barrier cooler and seal package, as long as seal leakoff flow is > 2.5 gpm. If seal leakoff
flow is < 2.5 gpm when normal seal injection flow is lost, there will be one to two hours of
slowly increasing temperatures before the pump’s operating limits are reached.

With> 2.5 gpm seal leakoff flow from each pump’s #1 scal, long term operation is possible, but
in order to protect the reactor coolant pump seals from prolonged flow of unfiltered reactor
coolant it is recommended that this condition be only temporary. The effect of continuous
reactor coolant pump operation without injection water would be to possibly cause clogging of
the #1 seal with the introduction of unfiltered water.

The thermal barrier-cooling coil is a complete backup to seal injection for cooling the reactor
coolant pump bearings and seals and no overheating would result from continued operation
without seal injection water, provided the pump’s #1 seal leakoff flow rate is > 2.5 gpm.

Galvanic Corrosion

The only type of materials which are in contact with each other in borated water are stainless
steels, Inconel, Stellite valve materials and Zircaloy fuel element cladding. These material have
been shown (Reference 1) to exhibit only an insignificant degree of galvanic corrosion when
coupled to each other.

For example, the galvanic corrosion of Inconel versus 304 stainless steel resulting from high
temperature tests (575°F) in lithiated, boric acid solution was found to be less than 20.9 mg/dm5
for the test period of nine days. Further galvanic corrosion would be trivial since the cell
currents at the conclusion of the tests were approaching polarization. Zircaloy versus 304
stainless steel was shown to polarize in 180°F lithiated, boric acid solution in less than eight days
with a total galvanic attack of 3.0 mg/dmS5. Stellite versus 304 stainless steel was polarized in
seven days at 575°F in lithiated boric acid solution. The total galvanic corrosion for this couple
was 0.97 mg/dmS.

As can be seen from the tests, the effects of galvanic corrosion are insignificant to systems
containing borated water.

Fuel Element Failure Detection

Fuel element failure detection is achieved by monitoring the letdown flow, using channel R-9 of
the Area Radiation Monitoring System (see Section 11.2). This channel consists of a fixed
position, gamma sensitive GM tube detector. The radiation level is indicated locally outside the
Letdown Heat Exchanger Room and remotely in the Control Room where it is recorded. A high
radiation alarm is displaycd on the radiation monitoring panels in the Control Room and
locally. A remotely operated, long half-life radiation check source is provided. The source
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strength is sufficient to produce an approximately one decade above background meter
indication. The range of the channel is 0.1 mr/hr to 100 r/hr.

Delay time for the monitor in detecting fuel element failure ranges from approximately one
minute to approximately three minutes, depending on the letdown flow rate. At the maximum
letdown flow rate (80 gpm), approximately 1.5 minutes will pass before the reactor coolant,
contaminated by fission product release from the failed fuel element, will reach the monitor. At
normal letdown rate (40 gpm), approximately three minutes will pass before the contaminated
flow reaches the detection area.

The monitor will detect the release of failed fuel element fission products against a background
of:

¢ N-16 source (assuming a sixty-second decay) -- 4.5E+1 mr/hr
+ Nominal corrosion product sources -- 1.1E+1 mr/hr
¢ Previous fuel element defects -- Determined during operation

Fuel failure severity can be determined by relating any increase in radiation detected to a
corresponding increase in either rod gap release of general fuel element defects:

¢ Percent fuel element defects -- 7.2E+1 mr/hr
¢ Rod gap release -- 3.2E+2 mr/hr
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9.0

AUXILIARY AND EMERGENCY SYSTEMS

The Auxiliary and Emergency Systems are supporting systems required to insure the safe
operation or servicing of the Reactor Coolant System (described in Section 4).

In some cases the dependable operation of several systems is required to protect the Reactor
Coolant System by controlling system conditions within specified operating limits. Certain
systems are required to operate under emergency conditions.

The systems considered in this Section are:

+

Chemical and Volume Control System

This system provides for boric acid injection, chemical additions for corrosion control,
reactor coolant cleanup and degasification, reactor coolant makeup, reprocessing of water
letdown from the Reactor Coolant System, and reactor coolant pump seal water injection.

Auxiliary Coolant System

This system provides for transferring heat from reactor plant coolant to the Service Water
System and consists of the following three systems:

1.

The Residual Heat Removal System removes the residual heat from the core and reduces
the temperature of the Reactor Coolant System during the second phase of plant
cooldown.

The Spent Fuel Pool Cooling System removes the heat generated by spent fuel elements
stored in the spent fuel pool.

. The Component Cooling System removes heat from the Reactor Coolant System, via the

Residual Heat Removal System, during plant shutdown, cools the letdown flow to the
Chemical and Volume Control System during power operation, and provides cooling to
dissipate waste heat from various reactor plant components and the boric acid and waste
evaporators.

Sampling System

This system provides the equipment necessary to obtain liquid and gaseous samples from the
reactor plant systems.

Facility Service Systems

These systems include Fire Protection, Service Water, and Auxiliary Ventilation Systems.
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9.1

9.1.1

. Fuel Handling System

This system provides for handling fuel assemblies, Rod Cluster Control (RCC) assemblies
and material irradiation specimens.

* Equipment and System Decontamination Processes
These procedures provide for the decontamination of equipment, tools, and personnel.
GENERAL DESIGN CRITERIA

Criteria, which are specific to one of the auxiliary or emergency systems are listed and discussed
in the appropriate system design basis subsection below. Criteria which apply primarily to other
systems (and are discussed in other Sections) are also listed and cross-referenced below because
details of closely related systems and equipment are given in this Section.

RELATED CRITERIA
Reactivity Control Systems Malfunction

Criterion: The Reactor protection systems shall be capable of protecting against any single
malfunction of the reactivity control system, such as unplanned continuous
withdrawal (not ejection or dropout) of a control rod, by limiting reactivity
transients to avoid exceeding acceptable fuel damage limits (GDC 31).

As described in Section 7 and justified in Section 14, The Reactor Protection Systems are
designed to limit reactivity transients to DNBR > 1.30 due to any single malfunction in the
deboration controls.

Enginecered Safety Features Performance Capability

Criterion: Engineered Safety Features such as the emergency core cooling system and the
containment heat removal system shall provide sufficient performance capability
to accommodate the failure of any single active component without resulting in
undue risk to the health and safety of the public (GDC 41).

Each of the auxiliary cooling systems which serves an emergency function provides sufficient
capability in the emergency mode to accommodate any single failure of an active component and
still function in a manner to avoid undue risk to the health and safety of the plant personnel and
the public.

Containment Heat Removal Systems

Criterion: Where an active heat removal system is needed under accident conditions to
prevent exceeding containment design pressure this system shall perform its
required function, assuming failure of any single active component (GDC 52).
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Each of the auxiliary cooling systems, which serve as emergency function to prevent exceeding
containment design pressure, provides sufficient capability in the emergency mode to
accommodate any single failure of an active component and still perform its required function.
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11.2 RADIATION PROTECTION
11.2.1 DESIGN BASIS
Monitoring Radioactivity Releases

Criterion: Means shall be provided for monitoring the containment atmosphere and the
facility effluent discharge paths for radioactivity released from normal operations,
from anticipated transients, and from accident conditions. An environmental
monitoring program shall be maintained to confirm that radioactivity releases to
the environs of the plant have not been excessive (GDC 17).

The containment atmosphere, the Containment System vent, the Auxiliary Building vent, the
Control Room Ventilation System, the spent fuel pool heat exchanger service water discharge,
the RHR pump pit ventilation exhaust, the condenser air ejector exhaust, the containment fan-
coil service water discharge, blowdown from the steam generators, the component cooling water, .
and the Waste Disposal System liquid effluent are monitored for radioactivity concentration
during normal operations, anticipated transients, and accident conditions. High radiation in any
of these is indicated and alarmed in the Control Room.

All gaseous effluent from possible sources of accidental radioactive release external to the
Reactor Containment (e.g., the spent fuel pool and waste handling equipment) is exhausted from
an Auxiliary Building vent, which is monitored. All accidental spills of liquids are contained
within the Auxiliary Building and collected in a sump.

For any leakage from the Reactor Containment under accident conditions, the Shield Building
Ventilation System provides dilution, holdup and filtration capability to minimize the dose
contribution. The Auxiliary Building Special Ventilation System provides filtration capabilities
for the containment leakage, which bypasses the Shield Building Ventilation System.

The Plant Radiation Monitoring System supplemented by portable survey equipment provides
adequate monitoring of radioactivity release. An outline ofthe procedures and equipment to be
used in the event of an accident is presented in Section 11.2.3. The environmental monitoring
program is described in Section 2.8.

Monitoring Fuel and Waste Storage Areas

Criterion: Monitoring and alarm instrumentation shall be provided for fuel and waste
storage and associated handling arcas for conditions that might result in loss of
capability to remove decay heat and to detect cxcessive radiation levels
(GDC 18).

Monitoring and alarm instrumentation is provided for fuel and waste storage and handling areas

to detect inadequate cooling and excessive radiation levels. Radiation monitors are provided to
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11.2.2

maintain surveillance over the release of radioactive gases and liquids, and the permanent record
of activity releases is provided by radiochemical and analysis of known quantities of waste.

The Spent Fuel Pool Cooling System loop flow is monitored to ensure proper operation, as
described in Section 9.

A controlled ventilation system removes gaseous radioactivity from the atmosphere of the fuel
storage and waste treatment areas of the Auxiliary Building and discharges it to the atmosphere
via the Auxiliary Building vent. Radiation monitors arc in continuous service in these areas to
actuate high radiation alarms, as described in Section 11.2.3.

Fuel and Waste Storage Radiation Shielding

Criterion: Adequate shielding for radiation protection shall be provided in the design of
spent fuel and waste storage facilities (GDC 68).

Auxiliary shielding for the Waste Disposal System and its storage components are designed to
limit radiation to levels not exceeding 1 mR/hr in normally occupied areas, to levels not
exceeding 2.5 mR/hr in periodically occupied areas and to levels not exceeding 15 mR/hr in
controlled occupancy areas.

Gamma radiation is continuously monitored in the Auxiliary Building. High level signals are
alarmed locally and annunciated in the Control Room.

Protection Against Radioactivity Release from Spent Fuel and Waste Storage Areas

Criterion: Provisions shall be made in the design of fuel and waste storage facilities such
that no undue risk to the health and safety of the public could result from an
accidental release of radioactivity (GDC 69).

All waste handling and storage facilities are contained and equipment is designed so that
accidental releases directly to the atmosphere are monitored and will not exceed the applicable
guidelines, as discussed in Sections 11.1.2, 14.2.2 and 14.2.3.

PRIMARY AND SECONDARY SHIELDING

Design Basis

Radiation shielding is designed for operation at maximum radiation levels at the site boundary to
below those levels allowed for continuous non-occupational exposure. The plant is capable of
continued safe operation with 1% fuel element defects.

In addition, the shielding and containment provided ensure that in the unlikely event ofa Design

Basis Accident, the subsequent off-site radiation exposures will be below the guidelines of
10 CFR 50.67.
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Sufficient shielding exists to limit essential equipment exposure and to provide adequate access
to vital areas necessary to aid in the mitigation of, or recovery from, a Design Basis
Accident. Plant shielding was inspected by a NRC representative and found to satisfy the
requirements of Item II.B.2 of NUREG-0737 (see NRC SER in reference 1). Operating
personnel at the plant are protected by adequate shielding, monitoring, and operating
procedures. Each area in the plant is classed according to the dose rate allowable in the area,
based on the expected frequency and duration of occupancy. All plant areas capable of personnel
occupancy are classified as one of the five zones of radiation level listed in Table 11.2-1. ‘The
Radiation Control areas are shown in Figures 11.2-1 through 11.2-4. Typical Zone 0 areas are
the Turbine Building and turbine plant service areas. Typical Zone I areas are the offices and
Control Room. Zone II areas include the local control spaces in the Auxiliary Building and the
operating floor of the Containment during reactor shutdown. Areas designated as Zone III
include the sample room, valve galleries, fuel-handling areas, and intermittently occupied work
areas. Typical Zone IV areas are the shielded equipment compartments enclosing the gas decay
tanks and volume control tanks in the Auxiliary Building, waste-container storage area, and the
Reactor Coolant loop compartments after shutdown.

All radiation and high radiation areas are appropriately marked and isolated in accordance with
10 CFR 20 and other applicable regulations.

The shielding is divided into four categories according to function.

These functions include the primary shielding, the secondary shielding, the fuel handling
shielding, and auxiliary shielding.

Primary Shiclding
The primary shielding is designed to:

+ Reduce the neutron fluxes incident on the reactor vessel to limit the radiation-induced

increase in transition temperature.

Attenuate the neutron flux sufficiently to prevent excessive activation of plant components.

¢ Limit the gamma flux in the reactor vessel and the primary concrete shielding to avoid
excessive temperature gradients or dehydration of the primary concrete shield.

+ Reduce the residual radiation from the core, reactor internals and reactor vessel to levels
which will permit access to the region between the primary and secondary shields after plant
shutdown.

¢ Reduce the radiation leakage contribution to obtain optimum division of the shielding
between the primary and secondary shields.

*

Secondary Shielding

The main function of the secondary shielding is to attenuate the radiation originating in the
reactor and the reactor coolant. The major source in the reactor coolant is the Nitrogen-16
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activity, which is produced by neutron activation of oxygen, during passage of the coolant
through the core. The secondary shielding limits the full power radiation levels outside the
containment building to less than 1 mR/hr. The secondary shield also ensures that the design
radiation levels are not exceeded following a Design Basis Accident.

Fuel Handling Shielding

The fuel handling shielding permits the safe removal and transfer of spent fuel assemblies and
rod cluster control assemblies (RCCAs) from the reactor vessel to the spent fuel pool. It is
designed to attenuate radiation from spent fuel, RCCAs, and reactor vessel internals to less than
2.5 mR/hr at the refueling cavity water surface and less than 1.0 mR/hr in the Auxiliary Building.

Auxiliary Shielding

The function of the shielding is to protect personnel working near various system components in
the Chemical and Volume Control System, the Residual Heat Removal System, the Waste
Disposal System and the Sampling System. The shielding provided for the Auxiliary Building is
designed to limit radiation levels to less than 1 mR/hr in normally occupied areas, and at or
below 2.5 mR/hr in periodically occupied areas. Additional shielding has been provided and
equipment has been relocated to minimize exposures to personnel and equipment where
necessary.

Shielding Design
Primary Shielding

The primary shielding consists of the reactor internals, the reactor vessel wall, and a concrete
structure surrounding the reactor vessel.

The primary shielding immediately surrounding the reactor pressure vessel consists of a
reinforced concrete structure extending from the base of the containment to a height of
69.0 feet. The lower portion of the shield is a minimum thickness of 7.0 feet of concrete and is
an integral part of the main structural concrete support for the reactor vessel. It extends upward
to the operating floor, forming a portion of the refueling cavity. This cavity is approximately
rectangular in shape, and has concrete sidewalls, which are 5 feet 5 inches thick adjacent to areas
in which fuel is transported.

The primary concrete shielding is air cooled to prevent overheating and dehydration from the
heat generated by radiation absorption in the concrete. Eight “windows™ have been provided in
the primary shield for insertion of the out-of-core nuclear instrumentation. Cooling for the
primary shield concrete, nuclear instrumentation, and vessel supports is provided by circulating
12,000 cfim of containment air between the reactor vessel wall and the surrounding concrete
structure. The primary shield neutron fluxes and design parameters are listed in Table 11.2-2.
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Secondary Shielding

The secondary shield surrounds the Containment, the reactor coolant loops and the primary
shield. It consists of interior walls within the Containment, the operating floor, and the Shield
Building. The Shield Building also serves as the accident shield.

The total thickness of concrete provided for this function in the area above grade is 5 feet 8
inches. Of this, approximately 3 feet 2 inches is concrete wall inside the Containment
immediately surrounding the reactor coolant loops and 2 fect 6 inches is in the Shield Building
wall. This shielding reduces the radiation intensity at the outside surface of the Shield Building
to a negligible level during normal plant operation.

The Shield Building consists of the 2 foot 6 inch rcinforced concrete cylinder capped by a
shallow, reinforced concrete dome 2 feet thick. Supplemental shielding has been provided for
the Containment penetrations where required. Section 5 contains a detailed discussion of the
Shield Building. The secondary shielding design parameters are listed in Table 11.2-3, The
equipment access hatch is shielded by a 2 foot 6 inch thick concrete shadow shield. The control
room is protected with concrete sidewalls 2 feet thick, and a concrete roof 2 feet thick.

The accident shielding design parameters are listed in Table 11.2-4.
Fuel Handling Shiclding

The refueling cavity is formed by the upper portions of the primary shield concrete and other
sidewalls of varying thicknesses. A portion of the cavity is used for storing the upper and lower
internals packages. These are shielded with concrete walls 5 fect thick. The remaining walls
vary from 4 feet to 6 feet thick, and provide the shielding required for handling spent fuel.

The refueling cavity, flooded with borated water to a height of 40 feet 2 inches during refueling
operations, provides a temporary water shield above the components being withdrawn from the
rcactor pressure vessel. The water height during refueling is approximately 24 feet above the
reactor pressure vessel flange. This height ensures that a minimum of 10 feet of water will be
above the top of a withdrawn fuel assembly. Under these conditions, the radiation level is less
than 50 mR/hr at the water surface.

The spent fuel assemblies and RCCAs are remotely removed from the reactor containment
through the horizontal spent fuel transfer tube and placed in the spent fuel pool. Concrete, 5 feet
thick, shields the spent fuel transfer tube. This shielding is designed to protect personnel from
radiation during the time a spent fuel assembly is passing through the main concrete support of
the Containment and the transfer tube.

Radial shielding, during fuel transfer is provided by the water and concrete walls of the fuel
transfer canal. An equivalent of 6 feet of concrete is provided to insure a radiation level of
1.0 mR/hr in the Auxiliary Building areas adjacent to the spent fuel pool.
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11.23

Spent fuel is stored in the spent fuel pool, which is located adjacent to the Containment. Radial
shielding for the spent fuel is provided by 5-foot thick concrete walls. The pool is flooded with
borated water to a level such that the normal water height above the stored fuel assemblies is
approximately 25 feet.

The fuel handling shielding design parameters are listed in Table 11.2-5.
Auxiliary Shielding

The auxiliary shield consists of concrete walls around certain components and piping which
process reactor coolant, In some cases, the concrete block walls are removable to allow
personnel access to equipment during maintenance periods. Each equipment compartment is
individually shiclded so those compartments may be entered without having to shut down the
adjacent system for any reason.

The primary shield material provided throughout the Auxiliary Building is concrete. The
principal auxiliary shielding provided is tabulated in Table 11.2-6.

RADIATION MONITORING SYSTEM

The Radiation Monitoring System provides continuous radiological surveillance of plant system
and working areas. The system performs the following basic functions:

+ Warmns operating personnel of radiological health hazards, such as abnormal radiation fields.

¢ Provides waming of plant malfunctions, which could lead to plant damage and/or
radiological hazards.

+ Prevents or minimizes inadvertent releases of radioactivity to the environment via automatic

" action capability.

¢ Provides monitoring of controlled radiological plant releases.

Radiation detection instruments are located in areas of the plant, which house equipment
containing or processing radioactive fluid. These instruments continually detect, compute, and
record operating radiation levels. If the radiation level should rise above the set point for any
channel, an alarm is initiated in the Control Room or Radiation Protection Office. Some
channels also alarm locally. In stipulated cases, the alarm signal also provides the necessary
signal for automatic process controls (e.g., valve closure, damper isolation, etc.). The Radiation
Monitoring System operates in conjunction with regular and special radiation surveys and with
chemical and radiochemical analyses performed by the plant staff. Adequate information and
warning is thereby provided for the continued safe operation of the plant and assurance that
personnel exposure does not exceed the limits of 10 CFR 20.

Two high range detectors are located in the containment. These two-containment area
monitoring channels are the only components in the Radiation Monitoring System designed to
operate following a major loss-of-coolant accident.
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The components of the Radiation Monitoring System are designed according to the following
environmental conditions:

+ Temperature - an ambient temperature range as specified in Table 11.2-8.

4 Humidity - 0 to 95% relative humidity.

¢ Pressure - Components in the Auxiliary Building and Control Room are designed for normal
atmospheric pressure. Area Monitoring System components inside the Containment are
designed to withstand containment test pressure.

+ Radiation - Process and area radiation monitors are of a non-saturating design so that they
“peg” full scale if exposed to radiation levels at over full-scale intensities. Critical process
monitors are located in areas where the normal and post-accident background radiation levels
will not affect their usefulness.

The Radiation Monitoring System consists of two types of components, the Process monitors and
the Area monitors.

¢ The Process Radiation Monitoring System refers to those radiation monitors capable of
analyzing fluid (air or water) flow for indication of increasing radiation levels.

¢ The Area Radiation Monitoring System monitors the direct radiation in various areas of the
plant or indication of increasing radiation levels.

The Environmental Radiation Monitoring Program, as described in the Radiological
Environmental Monitoring Manual (REMM), monitors radiation in various areas surrounding the
plant. (This is described in Section 2.8.)

Main Process Radiation Monitoring System

The Main Process Radiation Monitoring System is designed to provide information to plant
personnel on:

+ Radioactivity levels present in fluid (air and water) systems.
¢ Leakage across boundaries of closed systems.

+ Radioactivity concentrations in liquid and gascous flow paths that lead to release from the
plant.

In conjunction with the design functions spelled out above, the system is capable of initiating
automatic actions designed to prevent or minimize any inadvertent/uncontrolled release of
radioactivity to the environment.

The Main Process Monitoring System consists of 13 channels of monitoring equipment, 9 of,
which are equipped with some level of automatic action upon receipt of a high radiation
alarm. Seven ofthe 13 channels perform engineered safety related functions. The Main Process
Monitoring System consists of the following:
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Process Monitors

R-11 Containment System vent (Air Particulate)
R-12 Containment System vent (Radioactivity Gas)
R-13 Auxiliary Building vent A

R-14 Auxiliary Building vent B

R-15 Condenser air ejector

R-16 Containment fan coil water

R-17 Component Cooling System (Liquid Effluent)
R-18 Waste Disposal System (Liquid Effluent)
R-19 Steam gen. blowdown (Liquid Sample)

R-20 Service Water System

R-21 Containment System vent (Activity)

R-22 Residual heat removal pump pit

R-23 Control Room vent

L R JER JEE SR IR JEE 2R 2R JEE R JEE JER J

The channels are capable of operational verification via the use of check sources that are either
incorporated into the detector housing or externally mounted. In addition, there are alarms
provided for channel failure and high radiation conditions. The alarms are indicated both at the
individual radiation monitor meter panel and on the main annunciator panel, as well as via the
annunciator audible alarm. The radiation level is indicated by a meter and can be recorded on
multipoint recorders. Tables 11.2-7 and 11.2-8 contain the channel data pertinent to each
detector.

Certain process radiation monitors also utilize flow alarms, which alert the operator or technician
to an abnormal flow situation in the process stream. Non-interruptible power for the system is
provided via inverters off the 125 V d-c supply.

Each channel contains a completely integrated modular assembly, which includes the following:

a. Level Amplifier

Amplifies and discriminates the detector output pulse to provide a discriminated and shaped
pulse output to the log level amplifier.

b. Log Level Amplifier

Accepts the shaped pulse of the level amplifier output, performs a log integration (converts
total pulse rate to a logarithmic analog signal). The analog signal is then converted to a
digital signal that provides output for suitable indication and recording.
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. Power Supplies

Three separate duel power supplies are used to power the control room equipment 1) Area
monitor, 2) Train A Process Monitors and 3) Train B Process Monitors. The field equipment
is powered by its associated control room supply.

. Test-Calibration Circuitry
These circuits provide a predetermined value that pulses an LED into the NAI crystal that

generates a signal to perform a channel test, and a solenoid-operated radiation check source
to verify the channel's operation.

. Radiation Level Meter

This meter, mounted on the assembly drawer, has a scale calibrated logarithmically in counts
per minute in the ranges from 1E+1 to 1E+7.

Indicating Lights/Annunciators
These lights indicate high, alert and normal radiation alarm levels and a channel failure. An

annunciator on the main control board is actuated on high and alert radiation signals and
check source active, channel failure, high/low flow (process skids) and power supply failure.

. Bistable Circuits

Several bistable circuits are provided, to alarm on high and alert radiation (actuation point
may be set at any level over the range of the instruments), check source active, high/low flow
and channel failure.

. A remotely operated long-half-life radiation check source is furnished in cach channel. The
energy emissions are similar to the radiation energies being monitored. The source strength
is sufficient to indicate approximately one decade above background.

The Process Radiation Monitoring System consists of the following radiation monitoring
channels:

Containment or Containment System Vent - Air Particulate Monitor (R-11)

This monitor is provided to measure air particulate gamma radioactivity in the Containment with
the ability to alternately monitor the Containment purge exhaust. This application ensures that
the release rate during purging is maintained below specified limits.

High radiation level for the channels initiates closure of the Containment purge supply and
exhaust duct valves.
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This monitor has a measuring range of 1.06E-12 to 1.06E-6 puCi/cc.

This channel takes a continuous air sample from either the Containment atmosphere, or the purge
exhaust. The sample is drawn from the Containment discharge ductwork through a closed,
sealed system monitored by a scintillation counter - filter paper detector assembly. The filter
paper collects particulate matter greater than 1 micron in size, on its constantly moving surface,
and is viewed by a Beta Plastic-scintillation detector. In the case of the purge exhaust an
isokinetic nozzle is used to obtain a representative sample. The sample is returned either to the
Containment purge exhaust or the Auxiliary Building exhaust, after it passes through the series
connected (R-12) gas monitor.

The detector assembly is in a completely enclosed housing. The pulse signal is transmitted to the
Radiation Monitoring System panels in the Control Room. Lead shielding is provided toreduce
the background level to where it does not interfere with the detector's sensitivity. The filter paper
mechanism, an electro-mechanical assembly which controls the filter paper movement, is
provided as an integral part of the detector unit.

Containment or Containment Systém Vent - Radiogas Monitor (R-12)

This monitor is provided to measure gaseous gamma radioactivity in the Containment, and to
ensure that the radiation release rate during purging is maintained below specified limits. High
gas radiation level initiates closure of the Containment purge supply and exhaust duct valves.

This monitor has a measuring range of 4.31E-7 to 4.31E-1 pCi/cc.

A continuous air sample is taken from the Containment atmosphere or the purge exhaust after it
passes through the air particulate monitor, and draws the sample through a closed, sealed system
to the gas monitor assembly. The sample is constantly mixed in the fixed, shielded volume,
where it is counted by a scintillation detector sensitive to both gamma and beta activity. The
sample is then returned to the Containment, the Containment System vent or the Auxiliary
Building exhaust.

The detector assembly is in a completely enclosed housing mounted in a constant volume gas
container. Lead shielding is provided to reduce the background level to a point where it does not
interfere with the detector's sensitivity. The detector output is transmitted to the Radiation
Monitoring System Panels in the Control Room.

The Containment air particulate and radioactivity gas monitors (R-11 and R-12) have assemblies
common to both channels. They are described as follows:

a. The flow control assembly includes a pump unit and selector valves that provide a
representative sample (or a “clean” sample) to the detector.

b. The pump unit consists of:
¢ A pump to obtain the air sample.
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+ A flowmeter to indicate the flow rate.
+ A mass flow controller control valve to provide flow adjustment.
+ A flow alarm assembly to provide low and high flow alarm signals

c. Selector valves are provided to direct the desired sample to the detector for monitoring and to
block flow when the channel is in maintenance or “purging” condition.

d. A pressure sensor is provided to protect the system from high-pressure transients. This unit
automatically closes the inlet and outlet valves upon a high-pressure condition.

e. Detector purging is accomplished with a valve control arrangement whereby the normal
sample flow is blocked and the detector purged with a “clean” sample. This facilitates
detector calibration by establishing the background level and aids in verifying sample activity
level.

f. The flow control panel in the Control Room radiation monitoring racks permits remote
operation of the flow control assembly. By operating a sample selector switch on the control
panel, either the Containment or the Containment System vent sample may be monitored.

Alarm lights are actuated by the following:

¢ Flow alarm assembly (low or high flow)

¢ The pressure sensor assembly (high pressure)

¢ The filter paper sensor (paper drive malfunction)
¢ The pump power control switch (pump motor on)

Containment System Vent Air Activity Monitor (R-21)

The Containment System vent air activity monitor is designed primarily as a backup to the
R-11/R-12 detector systems. Should R-11/R-12 be out of service, R-21 allows Containment air
sampling and radioactivity analysis to be performed. This monitor system continuously monitors
the Containment vent for iodine, particulate, and gas activity. The detector system consists of a
sample line and pump. The vent air is drawn through a fixed particulate filter, a charcoal filter,
and an off-line gas monitor in series. The off-linc gas monitor is a scintillation detector sensitive
to both gamma and beta activity.

The sample tank design provides a cyclonic airflow around the detector axis to preclude
stagnancy within the sensing volume. - The detector output is transmitted to the Radiation
Monitoring System panels in the Control Room.

The charcoal filter for this channel is for measuring the accumulation of iodine isotope
activity. The particulate filter is for the collection of particulate activity such as Cs-134 and
Cs-137. Analysis of these filters is accomplished in the Count Room. These filters additionally
serve to protect the sensitive sample volume chamber of the radiogas detector.
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A high radiation alarm provides a closure signal to the Containment purge supply and exhaust
valves. This monitor has a measuring range of 4.31E-7 to 4.31E-1 puCi/cc.

During routine fuel handling within Containment, ventilation air discharge passes through
particulate filters. This discharge is monitored by two redundant Radiation Monitoring System
channels (R12 and R21). An alarm by either of these channels will initiate containment
ventilation isolation. Manual realignment is subsequently required to place the system back into
operation utilizing the charcoal filters.

During these operations there is direct communication between the refueling group and the
Control Room. If a fuel assembly were damaged during handling, the physical configuration of
the duct system requires a 65-foot free air transport of the radioactivity to the duct entrance
before release from Containment. This assures a reasonable interval between the time of initial
release and discharge to the environment. In view of this, the most probable mechanism for
Containment isolation would be manual activation by the Control Room upon request from the
refueling group, rather than through the aforementioned automatic Containment Isolation
System.

Considering the least probable case of containment isolation initiated by the Radiation
Monitoring System, the large transport distance would preclude highly concentrated puffs. The
response time for system isolation by radiation alarm is about four seconds, which includes the
effects of signal delay. This limits the potential for a significant release before isolation.
Auxiliary Building Vent Monitors (R-13, R-14)

The Auxiliary Building vent monitors are used to monitor the Auxiliary Building vent flowpath
on a continuous basis. The detectors are used to measure airborne radioactivity in the air as it is
discharged out the stack. An off-line sampler is used to monitor and sample the Auxiliary
Building vent stack. Upon receipt of a high radiation alarm, the system performs the following
functions:

a. Shuts down normal Auxiliary Building ventilation.

b. Activates the Special Zone Auxiliary Building ventilation.

c. Initiates isolation of all normal ducting to the Auxiliary Building vent stack.

d. Closes the waste gas decay tank gas release valve.

e. Reroutes R11/12 sample exhaust flow from Auxiliary Bldg. vent to Containment.

f. Isolates the 2" containment depressurization line and stops the 2" containment supply blower.
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g. Automatically diverts the Spent Fuel Pool Ventilation System exhaust through its charcoal
filter banks.

h. Automatically isolates the Waste Gas Analyzer via redundant isolation valves MG(R)-560,
MG(R)-561, MG(R)-562 and MG(R)-563.

An impedance matching circuit is used to match the signal source to the coaxial cable and
transmit an alarm signal to the Control Room, where it is recorded on multipoint recorders and
alarms on high activity.

Additionally, a sampler consisting of an isokinetic nozzle inserted in the vent to provide a
representative sample to series connected particulate and charcoal collection filters is
included. The charcoal filter is used for the accumulation of iodine isotope activity. The
particulate filter is used for the collection of particulate activity such as Cs-134 and Cs-137.

Remote indication and annunciation are provided on the Waste Disposal System control
board. A high level alarm shuts down normal ventilation fans, except Spent Fuel Pool
Ventilation System fans; activates the Auxiliary Building Special Ventilation System; diverts
exhaust from the Spent Fuel Pool Ventilation System through charcoal filter banks; initiates
isolation of all ducting to the Auxiliary Building vent, with the exception of the Special Zone
Ventilation discharge and the Spent Fuel Pool Ventilation discharge; and closes the gas release
valve of the gas decay tanks.

This monitor has a measuring range of 4.31E-7 to 4.31E-1 pCi/cc.
Condenser Air Ejector Gas Monitor (R-15)

The condenser air ejector gas monitor is used to monitor the condenser air ejector discharge flow
path on a continuous basis. The condenser air ejector discharges to the Auxiliary Building vent
stack for HEPA filtration prior to release. The detector consists of a gamma scintillation tube
placed in-line in the discharge flow path. The detector is designed to measure the gamma
activity of the non-condensable gases removed by the air ejector. A high alarm onR-15 initiates
automatic action to ensure that the three-way control valve located in the air ejector discharge
header is aligned to the Auxiliary Building vent stack. Since the plant is normally run in this
mode, a high alarm will not normally affect this valve. The high alarm also initiates closure of
the steam generator blowdown sample isolation valves and the steam generator blowdown
isolation valves.

A gamma sensitive scintillation detector is inserted into a drywell in an in-line fixed volume
container, which includes adequate shielding to reduce the background radiation to where it does
not interfere with the detector’s maximum sensitivity. This monitor has a measuring range of
2E-7 to 5E-3 pCi/cc.
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Control Room Ventilation Monitor (R-23)

This channel continuously monitors the Control Room environment for an indication of airborne
activity entering through the ventilation system. The detector is a beta-sensitive plastic
scintillator that is mounted in the air supply duct.

Readout is in the Control Room on multipoint recorders and at a rate meter station with high-low
alarm setting. High alarm circuits actuate the necessary dampers and fans to isolate the Control
Room environment and recirculate the air through a PAC filtering system. Redundant air intakes
are provided to allow for any makeup requirement.

This monitor has a measuring range of 4.31E-7 to 4.31E-1 uCi/cc.
Residual Heat Removal Pump Pit Monitor (R-22)

This monitor provides continuous monitoring of the exhaust air from the RHR pump pits for
indication of pump leakage while circulating liquid containing high gaseous activity.

The detector is a beta-sensitive plastic scintillator mounted directly in an off-line sampler. The
sample volume chamber design provides a cyclonic airflow through the detector to preclude
stagnation within the sensing volume. The detector output is transmitted to the Radiation
Monitoring System panels in the Control Room. The detector has a measuring range 0of4.31E-7
to 4.31E-1 puCi/cc.

A high radiation alarm alerts the operator so that a timely transfer to the standby pump may be
made. No automatic action is initiated by a high alarm, but operator action is assumed to occur if
an RHR pump is leaking.

Containment Fan Coil Water Monitor (R-16)

The containment fan coil unit water monitor is designed to monitor the fan coil cooling water
(service water) discharge for gamma activity. The fan coil cooling water discharge returns to the
lake via the Circulating Water System. The detector system consists of a gamma-sensitive
scintillation detector mounted in an in-line sample chamber. The sample chamber receives a
continuous sample from the fan coil discharge headers. One sample line is connected to the
discharge header from the 1A and 1B fan coil units, with a similar arrangement for the 1C and
1D units. A high alarm requires operator action to sequentially isolate each of the four fan coil
units in order to determine the faulted unit.

The range of this monitor is 4E-8 to SE-2 pCi/ml.
Component Cooling System Liquid Monitor (R-17)

This channel continuously monitors the Component Cooling System for radiation indicative of a
leak of reactor coolant from the Reactor Coolant System and/or the Residual Heat Removal
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System to the Auxiliary Coolant System. The detector system consists of an in-line T-type
monitor located in the pumps discharge header downstream of the 1A and 1B component cooling
water heat exchangers.

The range of this monitor is 4E-8 to SE-2 uCi/ml.
Waste Disposal System Liquid Effluent Monitor (R-18)

This channel continuously monitors all Waste Disposal System liquid releases from the
plant. Automatic valve closure action is initiated by this monitor to prevent further release after
a high radiation level is indicated and alarmed. The detector assembly consists of a scintillation
detector located in-line in the discharge header of the 1A and 1B waste condensate
pumps. Remote indication and annunciation are provided on the Waste Disposal System local
control board and in the Control Room.

The range of this monitor is 4E-8 to SE-2 pCi/ml.
Steam Generator Blowdown System Liquid Sample Monitor (R-19)

This channel monitors the liquid phase of the secondary side of the steam generator for radiation,
which would indicate a primary-to-secondary system leak, providing backup information to the
condenser air ejector gas monitor. Samples from the bottom of each of the two steam generators
are mixed in a common header and the common sample is continuously monitored by a
scintillation counter and sample volume chamber assembly. Upon indication of a high radiation
level, each steam generator is individually sampled in order to determine the source. This
sequence is achieved by manually selecting the desired stcam generator to be monitored.

The steam generator blowdown and air ejector radiation monitors are interconnected, such that
either monitor isolates the blowdown and reroutes the air ejector exhaust.

A high radiation signal closes the isolation valves in the blowdown lines and sample lines.
The range of this monitor is 4E-8 to SE-2 uCi/ml.
Service Water Monitor (R-20)

This channel continuously monitors the service water return path from the spent fuel pool and
component cooling heat exchangers. A scintillation counter and sample volume chamber
assembly monitors these effluent discharges. An increase above ambient radiation levels would
indicate a leak across one of these heat exchangers and selective component isolation would then
be used to locate the malfunction.

System readout is in the Control Room on multipoint recorders, a rate meter station in the
Control Room with a high-low alarm setting, and a rate meter station at the detector location. A
high level alarm is annunciated in the Control Room.
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The range of this monitor is 4E-8 to 5E-2 uCi/ml.

In channels R-16,R-17, R-18, R-19 and R-20 a photo-multiplier tube scintillation crystal (Na-I)
combination, mounted in a hermetically sealed unit, is used for liquid effluent radiation
actuation. Lead shielding is provided to reduce the background level so it does not interfere with
detector's sensitivity. The inline fixed volume container is an integral part of the detector
unit. Inchannel R-17, the detector is inserted into a dry well in the Component Cooling System

piping.
Aucxiliary Process Radiation Monitoring System

The Auxiliary Process Monitoring System consists of two sets of components, which have been
installed since plant construction. The motivating force behind many of the additional monitors
was the result of lessons learned from TMI-2. These components have been installed for the
purpose of an expanded, more reliable radiation monitoring capability (see NRC Order and NRC
SERs in references 2, 3, and 4).

The first set of components is a group of eight high and low radiation monitors. These monitors
are area-fype monitors, which have been installed on the outside of process flow piping. A pair
~ of monitors, one high range and one low range, are located on the outside of the containment
vent ducting, the Auxiliary Building vent ducting, main steam 1A piping, and main steam 1B
piping. Each detector has a local readout and Control Room readout, with recorders also located
in the Control Room. These radiation monitors are as follows:

Channel Area Monitor

R-31 Steam line 1A (low range)

R-32 Steam line 1A (hi range)

R-33 Steam line 1B (low range)

R-34 Steam line 1B (hi range)

R-35 Auxiliary building vent (low range)
R-36 Auxiliary building vent (hi range)
R-37 Containment building vent (low range)
R-38 ~ Containment building vent (hi range)

The second set of components are a pair of SPING-4 monitors. The SPING-4 is a self-contained
microprocessor-based radiation detection system used to monitor for particulate, iodine, and
noble gas activity in the air. The two SPING-4 Process Monitors are installed off-line in the
containment vent stack and the Auxiliary Building vent stack. All SPING system detectors are
tied to the central control consoles for monitoring of each SPING-4 stack process monitor, which
contains nine individual detectors. The two SPING-4 Process Monitors and the nine individual
detectors are as follows:

Channel Area Monitor
01 Auxiliary Building vent ducting (SPING-4)
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Address Code
01-0t
01-02
01-03
01-04
01-05
01-06
01-07
01-08
01-09

Channel
02

Address Code

02-01
02-02
02-03
02-04
02-05
02-06
02-07
02-08
02-09

Detector

Beta particulate
Alpha particulate
JTodine

Todine background
Lo-range gas
Gamma area monitor
Mid-range gas

Gas background
Hi-range gas

Area Monitor
Containment building vent ducting (SPING-4)

Detector

Beta particulate
Alpha particulate
Iodine

Todine background
Lo-range gas
Gamma area monitor
Mid-range gas

Gas background
Hi-range gas

Information from the SPING-4 process monitors is available at either of the central control
consoles, which are located in the Radiation Protection Office and the Radiological Analysis
Facility in the Technical Support Center.

Area Radiation Monitoring System

There are three area radiation monitoring systems providing continuous radiological surveillance
of critical plant systems and work areas. Detectors are located in Containment, the Auxiliary
Building and the Technical Support Center. The system provides operating personnel with early
warning of certain plant malfunctions which might lead to a radiological health hazard or plant

damage.

The General Area Radiation Monitoring System consists of eight channels, which monitor
radiation levels to various areas of the plant. These are as follows:

Channel
R-1
R-2
R-4

Area Monitor

Control Room

Containment (by personnel hatch)
Charging pump room

T 11.2-17
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Channel Area Monitor

R-5 Fuel handling area

R-6 Sampling room

R-7 In-Core instrument seal table area
R-9 Reactor coolant letdown line
R-10 New fuel pit (criticality monitor)

Each channel consists of a fixed position gamma sensitive GM tube or ion chamber (R-5, R-10)
detector. The detector output is amplified and the log count rate is determined by the integral
amplifier at the detector. The radiation level is indicated locally at the detector, and in the
Control Room where it is recorded.

High radiation alarms are displayed on the radiation monitoring panels in the Control Room, and
at the detector location. The Control Room annunciator provides a single window, which alarms
for any channel detecting high radiation. Verification of which channel has alarmed is made at
the Radiation Monitoring System panels. A remotely operated, long half-life radiation check
source is provided in each channel. The source strength is sufficient to produce an
approximately one decade above background meter indication. Tables 11.2-7 and 11.2-8 contain
the channel data pertinent to each detector.

The computer-indicator module amplifies the radiation level signal, as computed by the low-
level amplifier, for indication and recording. The module also provides controls for actuation of
the channel check source.

A meter is mounted on the front of each computer indicator module and is calibrated
logarithmically from 0.1 mR/hr to 100 R/hr for channels R-1 through R-10.

Radiation Monitoring System panel alarms consist of an indicator light for high radiation and a
light to annunciate detector failure or loss of signal. The remote meter and alarm assembly at the
detector contains a red indicator light that is actuated on high radiation. The criticality monitor
will actuate a special evacuation alarm in the required arcas.

The second area Radiation Monitoring System consists of seven channels (R-25 through R-30
and R-39) which were installed after six years of operation as a result of needs identified through
experience. The original equipment supplier was Eberline. One detector, R-30, is an ion
chamber. The remainder are all GM tube-type detectors. Local indication is available near the
detectors. A local alarm is available only on channel R-30.

Remote indication is not available and trend data are not recorded for the following channels:

Channel Area Monitor

R-25 Rad-waste drum area

R-26 SGBT ion exchange filter room
R-27 Spent resin storage tank room
R-28 Compacted drum storage arca
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Channel Area Monitor

R-29 SGBT monitor tank room
R-30 Reactor cavity sump C
R-39 Sludge intercept filter area

The third Auxiliary Area Radiation Monitoring System consists of 23 channels. This system was
installed as a result of lessons learned after TMI and NRC requirements. The original equipment
suppliers were Eberline and General Atomic. The detectors are ion chambers and energy
compensated GM tubes. Local readout is available at field mounted data acquisition modules
(DAM) and two central control consoles. An additional, five portable cart mounted beta air
monitors can be tied into the system and can be read out at either central control console. High
radiation alarms are displayed at the two central control consoles. Historical data is stored at the
data acquisition modules via a microcomputer. Two recorders in the Control Room are provided
for the wide range containment monitors (R-40 and R-41). These two monitors are designed to
operate in a post-LOCA environment. The Auxiliary Area Radiation System consists of the |
following:

Address Code Area Monitor

03-01 Waste disposal

03-02 Post accident sampling room

03-03 Component cooling heat exchanger
04-01 Machine Shop

04-02 Monitor room

04-03 Make-up demineralizer

04-04 1&C Storage Area

05-01 RHR pump pit

05-02 Radwaste compactor

05-03 Auxiliary building loading dock

06-01 I & C Shop

06-02 Shield building vent filters

06-03 , Control Room A/C vent filters

06-04 Containment ventilation exhaust filters
06-05 Zone SV exhaust filters

07-01 RAF count room

07-02 Technical Support Center

07-03 Technical Support Center Stairwell
08-01 Sulfuric acid storage tank

08-02 Containment spray pumps

08-03 Heating boiler

Instrument Number Area Monitors

2906401 1B containment hi level radiation monitor (R-41)
2906501 1A containment hi level radiation monitor (R-40)
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Main Steam Line Primary to Secondary Leakage Monitors (R-42, R-43)

These two channels continuously monitor the N-16 (nitrogen) concentration in both of the main
steam lines using detectors, which are placed just outside of containment. In 2001, R-42 was
installed near main steam 1A and R-43 was installed near main steam 1B. No automatic actions
or automatic controls are associated with either of these channels. These channels will provide
an early indication of primary to secondary leakage similar to R-15 and R-19. Installation of
these channels will meet the EPRI PWR Primary-To-Secondary Leak Guidelines
(TR-104788-R2).

Radiation Monitoring System-Control Room Panel

All of the control room system equipment for one unit is centralized in three panels. High
reliability and case of maintenance are emphasized in the design of this system. Sliding channel
drawers are used for rapid replacement of units, assemblies and entire channels. It is possible to
completely remove the various chassis from the panels.

Recording

Data from each of the Control Room monitors is recorded by an electrical storage device.

Monitor Ranges

The ranges of the radiation monitors are given in Table 11.2-7 Calibration curves showing count
rate versus radiation activity (LCi/cc) are provided for all isotopes to be measured.

Operating Conditions

Table 11.2-8 indicates the detector operating condition during normal operation. Where fluid
temperature is too high for the monitor, a cooling device is included. The different operating
temperature ranges are within the design limits of the sensors.

Radiation Protection Program
Personnel Monitoring

A permanent record of accumulated total effective dose equivalent (TEDE) exposure received by
individuals is maintained per 10 CFR 20 requirements. TEDE is the sum of the deep-dose
equivalent (DDE) and the committed effective dose equivalent (CEDE). DDE exposures are
provided by the interpretation of TLD chips. Electronic dosimeters, or in some cases self- |
reading dosimeters, provide day-by-day indication of DDE exposure.

All persons who are required to be monitored are issued beta-gamma TLD badges and are
required to wear such badges at all times while within the radiologically controlled areas of the
plant. Personnel who are issued TLD badges pick them up prior to entry into the radiologically l
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controlled area and deposit them after leaving the radiologically controlled area at the Radiation |
Protection Office.

Special or additional TLD badges are issued at the discretion of Radiation Protection personnel.

The TLD badges are processed on a routine basis at specified intervals. Badges are processed
immediately whenever it appears that an over exposure may have occurred, or any time deemed
necessary by Radiation Protection personnel.

An electronic dosimeter or a self-reading dosimeter is issued for entry into the Radiologically
Controlled Area in addition to a TLD badge for individuals whose work conditions make a day-
to-day indication of exposure desirable. Electronic dosimeters require the Radiological worker
to sign in on the assigned Radiation Work Permit (RWP) using control stations outside of the
Radiation Protection Office (RPO). If self-reading pocket dosimeters are used they are read,
recorded and re-zeroed regularly and are issued for entry into the RCA when deemed necessary
by Radiation Protection. Electronic dosimeters are reset by signing out on the control stations
located outside the RPO. Dosimeter and TLD records fumish the exposure data for the
administrative control of radiation exposure.:

Personnel Bio-Assay Program

The Personnel Bio-Assay Program at the Kewaunee Nuclear Power Plant consists of whole-body
counting and Passive Monitoring with a portal monitor. Whole body counts are made for select
personnel routinely exposed to radioactive materials.

Personnel Protection Equipment

Personnel entering the radiologically controlled area are required to wear protective clothing as
required by the radiation work permit. The nature of the work to be done and the conditions of
the area are the governing factors in the selection of protective clothing to be worn by
individuals.

Personnel Respiratory Protection

The Kewaunee Nuclear Power Plant is designed to minimize concentrations of airborne
radioactivity due to inadvertent leaks, spills or other causes by filtered ventilation systems and
isolation of equipment in compartments. Further, a radiation protection program is provided to
minimize airbomne concentrations by detecting and controlling potential sources of airborne
radioactivity. The normal concentrations present in areas occupied by personnel are much less
than the derived air concentrations (DACs) and the use of respiratory protection equipment is
normally not necessary.

Usage of respiratory protection devices will be evaluated under unusual situations arising from
plant operations to limit CEDE (i.e. TEDE) below 10CFR20 requirements. When it is not
practicable to apply process or other engineering controls to control the concentrations of
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radioactive material in the air, consistent with maintaining the TEDE ALARA, the necessary
protective devices will be specified and monitored by radiation protection personnel.

Three general types of respiratory protective equipment are utilized in the respiratory protection
program. The type used for a particular circumstance is determined by the concentration in the
air and the protection factor needed to prevent personnel from breathing or being exposed to
airborne radioactivity in excess of that specified by 10 CFR 20, Section 20.1201.

The three general types of respiratory protective equipment intended for use are:
a. Air-Purifying Respirators

These units are utilized for protection against airborne particulates only.
b. Atmosphere Supplying, Air-Line Respirators

These units provide protection from radioactive particulates, gases and vapors. These
respirators use the plant’s Service Air System to supply a filtered and regulated source of
breathing air to either a full-face piece or hood.

c. Atmosphere Supplying, Self-Contained Breathing Apparatus (SCBA)

These respirators utilize back mounted compressed air cylinders to supply a full-face piece in
the pressure-demand mode of operation. The SCBA provides protection against radioactive
particulates, gases and vapors and may also be used in atmospheres considered Immediately
Dangerous to Life or Health IDLH).

A Cascade System consisting of large cylinders of compressed air exists for refilling the SCBA
cylinders on an as-needed basis.

After each use, non-disposable respirators are cleaned and sanitized before being reissued. The
Radiation Protection Group cleans, maintains and controls the use of all respiratory protection
equipment. Decontaminating and sanitizing agents are utilized which prevent damage to sealing
surfaces and transparent face pieces. Following air drying, the respirators are checked for
radioactive contamination and re-cleaned or disposed of if necessary. Each respirator is then
visually inspected for mechanical degradation, and stored in a clean, sealed plastic bag.

Routine maintenance on respiratory equipment is performed, as the need becomes apparent
through visual inspection following cleaning. For SCBA respirators, the ability to provide a
sufficient, regulated air supply is periodically tested. For airline respirators, the quality of the
breathing air is also periodically tested by analyzing samples of the Service Air System.

Each individual whose work requires the use of respiratory protection is trained in proper
methods of donning and use of the various types of cquipment. Initial training is done by
training group personnel. At this time, individual problems, such as interference with sealing
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due to eyeglasses, will become apparent. Periodic retraining is done by the training group based
on an individual’s need for respiratory equipment use.

In accordance with 29 CFR 1910.134, a Licensed Health Care Professional performs evaluations -
of medical fitness for individuals requiring the use of respiratory protective
equipment. Quantitative mask fit tests are administered annually.

If prolonged use of respiratory equipment is necessary, personnel are relieved at reasonable
intervals such that usage of the equipment does not endanger personnel or discourage observance
of proper work and safety procedures.

Action Levels

Arcas arc posted as Airborne Radioactivity Areas whenever an individual present could exceed,
during the hours in a week, an intake 0f 0.6% of an ALI or 12 DAC-hrs. ALI and DAC values
are given in Table 1 of Appendix B of 10 CFR 20.

The use of respirator protection devices will be evaluated pursuant to 10 CFR 20.1702 consistent
with maintaining the TEDE ALARA. When respirators are deemed necessary, 10 CFR 20.1703
shall govern their proper usage.

Facilities and Access Provisions

The plant site is divided into various areas depending on radiation and/or contamination levels
present.

The Clean Area includes all areas in the plant, which arc not designated as the Radiologically
Controlled Area and have radiation and contamination levels within the limits set for the Clean
Area.

The Radiologically Controlled Area includes all arcas in the plant in which radiation and/or
contamination levels or the potential of such levels exist above those limits as stated for the
Clean Areas. All entrances to the Radiologically Controlled Areas are posted as such and limited
to emergency access only. Normal entry to and exit from the Radiologically Controlled Area is
through the designated Radiation Protection Office (RPO) only.

Exclusion Areas include all areas within the Radiologically Controlled Areas found to have
levels of radiation and/or contamination above those specified for Radiologically Controlled
Areas. These are Radiation, High Radiation, Very High Radiation, Airborne Radioactivity,
Contaminated, and Radioactive Materials Areas. Each area is posted with its respective sign and
requirements.

The Unrestricted Area includes all property owned by WPS immediately adjacent to and
surrounding the Restricted Area. Normal environmental radiation and control procedures apply
here.
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The general arrangement of the service facilities is designed to provide adequate personnel
decontamination and change areas.

Locker rooms are used to store items of personal clothing not required or allowed in the
Radiologically Controlled Area. A supply of various protective clothing items for personnel is
maintained within the RCA.

Personnel contamination monitors are located outside the Radiation Protection Office (RPO).
All personnel are required to survey themselves on leaving the Radiologically Controlled Area.

A decontamination shower and wash sink are located adjacent to the RPO. Decontamination
facilities are described in Section 9.7.3.

The fuel storage area has facilities to handle the decontamination of large items of
equipment. The decontamination area contains service facilities.

All visitors to the RCA are required to wear electronic dosimeters, or in some cases, self-reading
dosimeters, TLD badges, or be provided with an escort having personnel monitoring devices.

Administrative and physical security measures are employed to prevent unauthorized entry of
personnel to any High Radiation Area. These measures include the following:

Personnel are restrained from entry by locks, interlocks, or similar devices that alert the Control
Room of entries into High Radiation Areas (giving exposure rates greater than
1000 mREM/hr). Administrative control requires the issuance of a Radiation Work Permit
(RWP) prior to entry to any High Radiation Area.

a. Any individual or group of individuals entering a High Radiation Area is provided with a
radiation-monitoring device, which continuously indicates the radiation, dose rate in the area.

b. Personnel are required to wear protective clothing as designated by Radiation Protectlon
personnel for entry into a contaminated area.

Normal access into the Radiologically Controlled Area is through electronic dosimeter (ED)
activated turnstiles. Workers are required to sign onto an RWP using the sign-on terminals.
After the system activates the ED, the workers proceed through the turnstiles. The ED must be
turned on to activate the turnstile. Radiation protection personnel can provide guidance and
review applicable RWP requirements.

Instrumentation
Laboratory facilities are provided for the Radiation Protection Group. These facilities include

both laboratory and calibration rooms. A Counting Room is equipped to analyze routine air
sample and contamination swipe surveys. The Radiation Protection Office (RPO) also serves as
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a central location for portable radiation survey instruments, respiratory protection equipment and
contamination control supplies.

The survey equipment is supplemented with radioanalytical instrumentation located in the
Counting Room and Radioanalytical Facility. Portal monitors are located in the Security
Building as a final check on all personnel leaving the plant.

The types of portable radiation survey instruments available for routine monitoring functions are
adequate for the performance of the surveys required by 10 CFR Part 20.

Survey and radioanalytical instruments are periodically calibrated. Calibration and maintenance
records are recorded for each instrument.

11.2.4 EVALUATION

The whole body gamma dose in the Control Room under accident conditions is calculated
assuming TID-14844 releases of the following sources to reactor containment:

¢ 100% of the noble gases
4 50% of the halogens
¢ 1% of the nonvolatile fission product inventory.

The above sources tabulated in Table 11.2-11 are assumed to be homogeneously distributed
within the free volume of the Containment. The source intensity in Mev per photon as a function
of time after the accident is determined by considering decay only; no credit is taken for filtration
or wash down. A |

The direct dose (deep dose equivalent) in the Control Room due to the activity dispersed within
the Containment is calculated by a digital computer program, which is based on a point kernel
attenuation model. The source region is divided into a number of incremented source volumes
and the associated attenuation, gamma ray buildup, and distance through regions between each
source point and the control room are computed. The summation of all point source
contributions gives the total direct dose (deep dose equivalent) in the Control Room.

In addition to the direct dose (deep dose equivalent), the contribution of scattered radiation was
also estimated. These estimates indicate that scattered radiation levels will contribute less than
10% of the direct dose (deep dose equivalent). Scattered radiation levels include both scattering
from air (sky-shine) and scattering from large surfaces in the vicinity of the Control Room.

Without any credit for intervening walls and structures, the integrated four-week deep dose
equivalent (forty hours per week) to Control Room operators would be less than 2.5 REM. This [
includes contributions from the Control Room.

Further study (Reference 7) has shown that the maximum thirty-day doses would be:

USAR - Rev. 18
11.2-25 ~ 11/01/2003



¢ Whole Body Dose (7) = 1.9 REM
+ Beta Skin Dose (B) = 57 REM
¢ Thyroid Dose =27 REM*

* Although not credited in the above study, in an effort to prevent a post-accident IN VIVO dose
to the thyroid glands of operating personnel, iodide can be made available to personnel early in
the accident scenario. This medication, when taken six hours prior to an exposure to radioiodine,
gives a minimum protective effect of 97% with respect to the localization of radioiodine in the
human thyroid. The medication can be taken safely by most humans at 130 mg/day for
approximately ten days. '

These dose estimates were determined using input assumptions found in Section 14.3.5 and
Reference 7.

While the halogen release is lower than the original estimates, it is consistent with current
industry findings based on the post-TMI-2 investigations (Reference 6).

All components necessary for the operation of the external recirculation loop following a loss-of-
coolant accident are capable of remote manual operation from the Control Room and can be
powered by the diesel generators so that it should not be necessary to enter the Auxiliary
Building in the vicinity of the recirculation loops.

To determine the possible exposure that an operator could receive under accident conditions
while operating a manual backup item (e.g., valve), it is estimated rather conservatively that it
will require fifteen minutes to operate the valve. In addition, it is assumed that an additional
fifteen minutes is required to get to and from the manual equipment. The total integrated whole
body deep dose equivalent that an operator would receive performing the above operation would
be about 8 REM. This exposure is calculated at one-half hour following the accident and |
assumes that the equipment being operated or serviced is adjacent to the Shield Building. The
basis for such a calculation relating to the RHR System are given in Figures 11.2-5 and 11.2-6.
Exposures in the vicinity of equipment located within the Auxiliary Building would be much less
due to the shiclding afforded by intervening walls and structures in the Auxiliary Building.

Hazards due to the radioactive halogen gas exposure to operators in the Control Room during the
course of a loss-of-coolant accident is minimized by providing a Control Room air conditioning
system that filters all incoming air and is capable of internal recirculation within the Control
Room to minimize the amount of outside air drawn into the Control Room. In the event of high
radiation level in the Control Room ventilating air, makeup air from outside is shut off, and
absolute and charcoal filters are placed in service on the recirculating air stream. The Control
Room ventilating fans are supplied by emergency power.

If maintenance on the loop is required, such operations would be limited in duration. The
radiation levels adjacent to equipment containing the sump water and fission products could be
as high as 200 to 300 REM per hour shortly after the initiation of recirculation. Any emergency |
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11.2.5

11.2.6

maintenance operations described above could be carried out using portable breathing equipment
to limit the inhalation hazard.

MINIMUM OPERATING CONDITIONS

All liquid waste releases are continuously monitored for gross activity during discharge to ensure
that the activity concentration limits are below those specified in 10 CFR 20 for unrestricted
areas.

TESTS AND INSPECTIONS

Complete radiation surveys were made throughout the Containment and Auxiliary Building
during initial phases of plant start up. Survey data was taken and compared with levels at power
levels 0£0.01%, 10% and 100% of rated full power. Survey data were reviewed for conformance
with design levels before increasing to the next power range. The 100% power readings are
repeated after each refueling outage to ensure no degradation of shielding has occurred.

The radiation monitors are tested in accordance with the surveillance frequencies specified in the
Technical Specifications and Offsite Dose Calculation Manual (ODCM).
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14.3

14.3.1

REACTOR COOLANT SYSTEM PIPE RUPTURES (LOSS OF COOLANT
ACCIDENT)

General
Condition III - Infrequent Faults

By definition, Condition III occurrences are faults which may happen very infrequently
during the life of the plant. They will be accommodated with the failure of only a small
fraction of the fuel rods although sufficient fuel damage might occur to preclude resumption
of the operation for a considerable outage time. The release of radioactivity will not be
sufficient to interrupt or restrict public use of those areas beyond the exclusion radius. A
Condition III fault will not, by itself, generate a Condition IV fault or result in a
consequential loss of function of the Reactor Coolant System or of containment barriers.

The time sequence of events for the small breaks is shown in Table 14.3-1a and
Table 14.3-1b presents the results of the analysis.

Condition IV - Limiting Faults

Condition IV occurrences are faults which are not expected to take place, but are postulated
because their consequences would include the potential for the release of significant amounts
of radioactive material. These are the most drastic occurrences which must be designed
against, and they represent limiting design cases. Condition IV faults are not to cause a
fission product release to the environment resulting in an undue risk to public health and
safety in excess of guideline values of 10 CFR 50.67. A single Condition IV fault is not to
cause a consequential loss of required functions of systems needed to cope with the fault
including those of the Emergency Core Cooling System and the containment.

The analysis of total effective dose equivalent (TEDE) doses, resulting from events leading
to fission product release, appears in Section 14.3.5. The fission product inventories, which
form a basis for these calculations are presented in Appendix D. Sections 14.3.4, 14.3.5 and
Appendix H also include the discussions of systems interdependency contributing to limiting
fission product leakage from the containment following a Condition IV occurrence.

The time sequence of events for a large break is shown in Table 14.3.2-8 and
Figure 14.3.2-1, and Table 14.3.2-9 presents the results of these analyses.

LOSS OF REACTOR COOLANT FROM SMALL RUPTURED PIPES OR FROM
CRACKS IN LARGE PIPES WHICH ACTUATES EMERGENCY CORE COOLING
SYSTEM

Identification of Causes and Accident Description

A loss-of-coolant accident is defined as a rupture of the Reactor Coolant System piping or of

.any line connected to the system. See Section 4.1.3 for a more detailed description of the
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loss of reactor coolant accident boundary limits. Ruptures of small cross sections will cause
expulsion of the coolant at a rate which can be accommodated by the charging pumps which
would maintain an operational water level in the pressurizer permitting the operator to
execute an orderly shutdown. The coolant, which would be released to the containment,
contains the fission products existing in it.

Should a larger break occur, depressurization of the Reactor Coolant System causes fluid to
flow to the Reactor Coolant System from the pressurizer resulting in a pressure and level
decrease in the pressurizer. Reactor trip occurs when the pressurizer low-pressure trip
setpoint is reached. The Safety Injection System is actuated when the appropriate setpoint is
reached. The consequences of the accident are limited in two ways:

1) Reactor trip and borated water injection complement void formation in causing rapid
reduction of nuclear power to a residual level corresponding to the delayed fission and
fission product decay,

2) Injection of borated water ensures sufficient flooding of the core to prevent excessive
clad temperature.

Before the break occurs the plant is in an equilibrium condition, i.e., the heat generated in the
core is being removed via the secondary system. During blowdown, heat from decay, hot
internals and the vessel continues to be transferred to the Reactor Coolant System. The heat
transfer between the Reactor Coolant System and the secondary system may be in either
direction depending on the relative temperatures. In the casc of continued heat addition to
the secondary side, system pressure increases and steam dump may occur. Makeup to the
secondary side is provided by the auxiliary feedwater pumps. The safety injection signal
stops normal feedwater flow by closing the main feedwater line isolation valves and initiates
emergency feedwater flow by starting auxiliary fecdwater pumps. As discussed in Section
6.6, manual initiation of auxiliary feedwater is acceptable at low power levels. The
secondary flow aids in the reduction of Reactor Coolant System pressure. When the RCS
depressurizes to 700 psig, the accumulators begin to inject water into the reactor coolant
loops. Reactor coolant pump trip is assumed to be coincident with the reactor trip and effects
of pump coast-down are included in the blowdown analyscs.

Analysis of Effects and Consequences
Mcthod of Analysis

The requirements of an acceptable ECCS Evaluation Model are presented in Appendix K of
10CFR 50 (Reference 1). The requirements of Appendix K regarding specific model
features were met by selecting models, which provide a significant overall conservatism in
the analysis. The assumptions made pertain to the conditions of the reactor and associated
safety system equipment at the time that the LOCA occurs and include such items as the core
peaking factors, the containment pressure, and the performance of the ECCS system. Decay
heat generated throughout the transient is also conservatively calculated as required by
Appendix K of 10 CFR 50. The small break Loss-of-Coolant Accident analysis is
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documented in KNPP Steam Generator Replacement and Tave Operating Window Program
Licensing Report, November 2000.

Small Break LOCA Analysis Using NOTRUMP

The Westinghouse NOTRUMP Small Break Evaluation Model consists of the NOTRUMP
and SBLOCTA computer codes. NOTRUMP is used to model the system hydraulics and
SBLOCTA calculates the fuel rod cladding heatup.

The postulated small break LOCA is predominately a gravity dominated accident in which
the slow draining of the RCS is accompanied by the formation of distinct mixture levels
throughout the RCS. These mixture levels vary with time and are dependent upon the
transient two-phase transport of mass and energy, which takes place within the RCS during
the course of the accident. Consequently, the degree of accuracy with which a system model
is capable of simulating the RCS response to a small break LOCA is dependent upon the
model’s capability to accurately model the RCS transient mass and energy distribution.

For postulated LOCAs due to small breaks the NOTRUMP computer code is used to
calculate the transient depressurization of the RCS as well as to describe the mass and
enthalpy of flow through the break. The NOTRUMP computer code is a state-of-the-art one-
dimensional general network code incorporating a number of advanced features. Among
these are calculation of thermal non-equilibrium in all fluid volumes, flow regime-dependent
drift flux calculations with counter-current flooding limitations, mixture level tracking logic
in multiple-stacked fluid nodes and regime dependent heat transfer correlation. The
Westinghouse NOTRUMP Small Break Evaluation Model was developed to determine the
RCS response to design basis small break LOCAs, and to address NRC concerns expressed
in NUREG-0611, “Generic Evaluation of Feedwater Transients and Small Break
Loss-of-Coolant Accident in Westinghouse-Designed Operating Plants”.

NOTRUMP (Reference 2 and 3) is a general one-dimensional nodal network computer code
which describes the spatial detail of the RCS with a network of fluid nodes (representing
various system fluid volumes), flow links (representing various fluid flow paths), metal
nodes (representing various metal masses), and heat transfer links (representing various heat
transfer paths between metal structures and surrounding fluid). The use of NOTRUMP in the
analysis involves, among other things, the representation of the reactor core as heated control
volumes with an associated phase separation model to permit a transient mixture height
calculation. The broken loop and intact loop are each modeled explicitly. Transient behavior
of the system is determined from the governing conservation equations of mass, energy and
momentum. The multi-node capability of the program enables explicit, detailed spatial
representation of various system components which, among other capabilities, enables a
proper calculation of behavior of loop seal during a postulated small break LOCA.

Peak clad temperature calculations are performed with the SBLOCTA code (Reference 4),
using the NOTRUMP calculated core pressure, fuel rod power history, uncovered core steam
flow and mixture heights as boundary conditions. The code evaluates the fuel cladding and
the coolant temperatures during the hypothetical small break LOCA. Each of the fuel rods
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modeled by SBLOCTA is analyzed using finite-difference conduction equations in both the
axial and radial directions. It calculates the effect of cladding swell and burst and considers
the exothermic reaction between zircaloy and water. A top skewed axial power shape is
chosen for the hot rod because the power is concentrated in the upper regions of the core.
Such a distribution is limiting for small-break LOCAs because it minimizes coolant swell,
while maximizing vapor superheating and fuel rod heat generation at the uncovered
clevations. The small break LOCA analysis assumes the core continues to operate at full
rated power until the control rods are completely inserted.

~ Small break LOCA calculations are based on minimum safeguards assumptions designed to
minimize pumped ECCS flow to the core. These calculations include loss of a train of ECCS
and high head SI pump degradation of pump head by 10%. For a small break LOCA with an
equivalent break diameter less than the inner diameter of the high head SI line, pumped high
head SI flow is delivered to both the intact and broken loop at the RCS backpressure (Figure
14.3-1a). Justification for this assumption is provided in Reference 6. The effect of flow
from the RHR pumps is not considered since their shutoff head is lower than RCS pressure
during the portion of the transients considered here. For a small break LOCA with an
equivalent break diameter greater than or equal to the inner diameter of the high head SI line,
pumped high head SI flow is delivered only to the intact loop with one line spilling to
containment back pressure (Figure 14.3-1b). This is assumed since the modeled break may
include the severance of the high head SI line or an area of a severed high head SI line. Flow
from the RHR pumps into the upper plenum is assumed since transient RCS pressure is
below the shutoff head (Figure 14.3-1b). However, RHR flow was not fully credited since
the NOTRUMP condensation models for the upper plenum have not been licensed by the
NRC. The low head SI flow shown in Figure 14.3-1b was reduced by 50%, which
conservatively compensates for the effects of condensation in the upper plenum.

Delivery of the SI flow to the RCS was assumed to be delayed 30 scconds after the
generation of a SI signal. This delay includes the time required for diesel startup and loading
of the SI pumps onto the emergency buses and for the pump to come to full speed in order to
deliver full flow. The assumed delay time is sufficient to account for degraded grid
conditions. Finally, the new and approved SI condensation model (Reference 6) was used for
all analysis cases.

Results
Reactor Coolant System Pipe Breaks

This section, presents results of the limiting break size in terms of highest peak clad
temperature. The worst break size (small break) is a 3-inch diameter break. The
dcprcssunzatlon transient for this break is shown in Flgurc 14.3-2a. The extent to which the
core is uncovered is shown in Figure 14.3-2b.

During the earlier part of the small break transient, the effect of the break flow is not strong
enough to overcome the flow maintained by the rcactor coolant pumps through the core as
they are coasting down following reactor trip. Therefore, upward flow through the core is
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14.3.2

;
maintained. The resultant heat transfer cools the fuel rod and clad to very near the coolant
temperatures as long as the core remains covered by a two-phase mixture.

The maximum hot spot clad temperature calculated during the transient is 1030°F. This
analysis assumes the most limiting temperature conditions, fuel types (High-Tavg Siemens
14x14 fresh heavy fuel) and includes the effects of fuel densification as described in
Reference 5. The peak clad temperature transients are shown in Figure 14.3-2c for the worst
break size, i.e., the break with the highest peak clad temperature. When the mixture level
drops below the top of the core, the steam flow computed by NOTRUMP provides cooling to
the upper portion of the core. The core heat transfer coefficients for this phase of the
transient are given in Figure 14.3-2g. The hot spot fluid temperature for the worst break is
shown in Figure 14.3-2f.

The reactor shutdown time (5.0-sec) is equal to the reactor trip signal time (2.0 sec) plus 3.0
sec for rod insertion. During this rod insertion period, the reactor is conservatively assumed
to operate at rated power.

Conclusions

Analyses presented in this section show that the high head portion of the Emergency Core
Cooling System, together with accumulators, provide sufficient core flooding to keep the
calculated peak clad temperatures below required limits of 10 CFR 50.46. Hence, adequate
protection is afforded by the Emergency Core Cooling System in the event of a small break
loss-of-coolant accident.

Following the TMI accident, Westinghouse performed generic studies of small break loss-of-
coolant accidents. Results of these studies indicated that peak clad temperatures greater than
2200°F may occur if the reactor coolant pumps are tripped after a significant loss of reactor
coolant inventory. To prevent such a loss, the operators are instructed to trip the pumps early
in the accident.

Additional Break Sizes

Additional break sizes were analyzed. Figures 14.3-3a and 14.3-4a present the RCS pressure
transient for the 2- and 4-inch breaks, respectively and Figures 14.3-3b and 14.3-4b present
the volume history (mixture height) plots for both breaks. The peak clad temperatures for
both cases are less than the peak-clad temperature of the 3-inch break. The peak clad
temperatures for the 2-inch break case is given in Figure 14.3-3c.

The time sequence of events for small breaks analyzed is shown in Table 14.3-1a, and
Table 14.3-1b presents the results for these analyses.

MAJOR REACTOR COOLANT SYSTEM PIPE RUPTURES (LOSS-OF-COOLANT
ACCIDENT)

The analysis specified by 10 CFR 50.46 (Reference 1), “Acceptance Criteria for Emergency
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Core Cooling Systems for Light Water Power Reactors”, is presented in this section. The
results of the Best-Estimate large break loss-of-coolant accident (LOCA) analysis are
summarized in Table 14.3.2-8, and show compliance with the acceptance criteria.

For the purpose of ECCS analyses, Westinghouse (W) defines a large break loss-of-coolant
accident (LOCA) as a rupture 1.0 fi* or larger of the reactor coolant system piping including
the double ended rupture of the largest pipe in the reactor coolant system or of any linc
connected to that system. The boundary considered for loss of coolant accidents as related to
connecting piping is defined in Section 4.1.3.

Should a major break occur, rapid depressurization of the Reactor Coolant System (RCS) to a
pressure nearly equal to the containment pressure occurs in approximately 35 seconds, with a
nearly complete loss of system inventory. Rapid voiding in the core shuts down reactor
power. A safety injection system signal is actuated when the low pressurizer pressure
sctpoint is rcached. These countermeasures will limit the conscquences of the accident in
two ways:

1. Borated water injection complements void formation in causing rapid reduction of power
to a residual level corresponding to fission product decay heat. An average RCS/sump
mixed boron concentration is calculated to ensurc that the post-LOCA corc remains
subcritical. However, no credit is taken for the insertion of control rods to shut down the
reactor in the large break analysis.

2. Injection of borated water provides heat transfer from the core and prevents excessive
cladding temperatures.

Before the break occurs, the reactor is assumed to be in a full power equilibrium condition,
i.c., the heat generated in the core is being removed through the stcam generator secondary
system. At the beginning of the blowdown phase, the entirc RCS contains sub-cooled liquid
which transfers heat from the core by forced convection with some fully developed nucleate
boiling. During blowdown, heat from fission product decay, hot internals and the vessel,
continues to be transferred to the reactor coolant. After the break develops, the time to
departure from nucleate boiling is calculated. Thereafier, the core heat transfer is unstable,
with both nucleate boiling and film boiling occurring. As the core becomes voided, both
transition boiling and forced convection are considered as the dominant core heat transfer
mechanisms. Heat transfer due to radiation is also considered.

The heat transfer between the RCS and the secondary system may be in either direction,
depending on the relative temperatures. In the case of the large break LOCA, the primary
pressure rapidly decreases below the secondary system pressure and the steam generators are
an additional heat source. In the Kewaunee Nuclear Plant Large Break LOCA analysis using
the WCOBRA/TRAC UPI mecthodology, the steam generator sccondary is conservatively
assumed to be isolated (main feedwater and steam line) at the initiation of the event to
maximize the secondary side heat load.
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Performance Criteria for Emergency Core Cooling System

The reactor is designed to withstand thermal effects caused by a loss-of-coolant accident
including the double-ended severance of the largest reactor cooling system cold leg
pipe. The reactor core and internals together with the Emergency Core Cooling System
(ECCS) are designed so that the reactor can be safely shut-down and the essential heat
transfer geometry of the core preserved following the accident. Long-term coolability is
maintained.

When the RCS depressurizes to approximately 750 psig, the accumulators begin to inject
borated water into the reactor coolant loops. Borated water from the accumulator in the
faulted loop is assumed to spill to containment and be unavailable for core cooling for breaks
in the cold leg of the RCS. Flow from the accumulator in the intact loop may not reach the
core during depressurization of the RCS due to the fluid dynamics present during the ECCS
bypass period. ECCS bypass results from thc momentum of the fluid flow up the
downcomer duc to a break in the cold lcg, which entrains ECCS flow out toward the
break. Bypass of the ECCS diminishes as mechanisms responsible for the bypassing are
calculated to be no longer effective.

The blowdown phasc of the transient ends when the liquid level in the lower plenum reaches
its minimum. After the end of the blowdown, refill of the reactor vessel lower plenum
begins. Refill is completed when emergency core cooling water has filled the lower plenum
of the reactor vessel, which is bounded by the bottom of the active fuel region of the fuel
rods (called bottom of core (BOC) recovery timce).

The reflood phase of the transient is defined as the time period lasting from BOC recovery
until the reactor vessel has been filled with watcr to the extent that the core temperature rise
has been terminated. From the latter stage of blowdown and on into the beginning of reflood,
the intact loop accumulator tank rapidly discharges borated cooling water into the
RCS. Although a portion injected prior to end of bypass is lost out the cold leg break, the
accumulator eventually contributes to the filling of the reactor vessel downcomer. The
downcomer water elevation head provides the driving force required for the reflooding of the
rcactor corc. The high hcad safety injection (HHSI) pump aids in the filling of the
downcomer and core and subsequently supply water to help maintain a full downcomer and
complete the reflooding process. The low head safety injection (LHSI), which injects into
the upper plenum (hence, upper plenum injection - UPI) also aids the reflooding process by
providing water to the core through the vessel upper plenum,

Continued operation of the ECCS pumps supplies water during long-term cooling. Core
temperatures have been reduced to long-term steady state levels associated with dissipation
of residual heat generation. After the water level of the refucling water storage tank (RWST)
reaches a minimum allowable value, coolant for long-term cooling of the core is obtained by
switching from the injection mode to the sump recirculation mode of ECCS
operation. Spilled borated water is drawn from the cngincered safety features (ESF)
containment sumps by the LHSI pumps (also called the Residual Heat Removal pumps, or
RHR pumps) and returned to the upper plenum and RCS cold legs. Figure 14.3.2-1 contains -
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a schematic of the bounding sequence of events for the Kewaunee large break LOCA
transient.

For the Best-Estimate large break LOCA analysis, one ECCS train, including one high head
safety injection (HHST) pump and one RHR (low-head) pump, starts and delivers flow
through the injection lines. One branch of the HHSI injection line spills to the containment
backpressure; the other branch connects to the intact loop cold leg accumulator line. The
RHR injection line connccts directly into the upper plenum. Both emergency diesel
generators (EDGs) are assumed to start in the modeling of the containment fan coolers and
spray pumps. Modeling full containment heat removal systems operation is required by
Branch Technical Position CSB 6-1 (Reference 14) and is conscrvative for the large break
LOCA.

To minimize delivery to the reactor, the HHSI branch line chosen to spill is selected as the
onc with thc minimum resistance. In addition, thc pump performance curves are degraded,
with the high head degraded by 15% of design head and the low head degraded by 10% of
design head. .

Large Break LOCA Analytical Model

In 1988, as a result of the improved understanding of LOCA thermal-hydraulic phenomena
gained by extensive research programs, the NRC staff amended the requirements of 10
CFR 50.46 and Appendix K, “ECCS Evaluation Models”, so that a realistic evaluation model
may be uscd to analyze the performance of thc ECCS during a hypothetical LOCA
(Reference 7). Under the amended rules, best-estimate thermal-hydraulic models may be
used in place of models with Appendix K features. The rule change also requires, as part of
the analysis, an assessment of the uncertainty of the best-estimate calculations. It further
rcquircs that this analysis uncertainty be included when comparing the results of the
calculations to the prescribed acceptance limits. Further guidance for the use of best-estimate
codes was provided in Regulatory Guide 1.157 (Reference 8).

To demonstrate usc of the revised ECCS rule, the NRC and its consultants developed a
mcthod called the Codc Scaling, Applicability, and Uncertainty (CSAU) cvaluation
methodology (Reference 9). This method outlined an approach for defining and qualifying a
best-estimate thermal-hydraulic code and quantifying the uncertainties in a LOCA analysis.

A LOCA evaluation methodology for three- and four-loop PWR plants based on the revised
10 CFR 50.46 rules was developed by Westinghouse with the support of EPRI and
Consolidated Edison and was approved by the NRC (Reference 10). The methodology is
documented in WCAP-12945, “Code Qualification Document (CQD) for Best Estimate
LOCA Analysis” (Reference 11). Extension of this mcthodology to plants cquipped with
residual heat removal (RHR) injection into the upper plenum was approved in May 1999
(Reference 15) and is documented in Reference 12.

The thermal-hydraulic computer code which was reviewed and approved for the calculation
of fluid and thermal conditions in the PWR during a large break LOCA is WCOBRA/TRAC
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Version MOD7A, Rev. 1 (Reference 11).

WCOBRA/TRAC combines two-fluid, three-field, multi-dimensional fluid cquations used in
the vessel with one-dimensional drift-flux equations used in the loops to allow a complete
and detailed simulation of a PWR. This best-estimate computer code contains the following
features:

e Ability to model transient three-dimensional flows in different geometries inside the
vessel

e Ability to model thermal and mechanical non-equilibrium between phases

e Ability to mechanistically represent intcrfacial heat, mass, and momentum transfer in
different flow regimes

e Ability to represent important reactor components such as fuel rods, steam generators,
rcactor coolant pumps, ctc.

The reactor vessel is modeled with the three-dimensional, three-field fluid model, while the
loop, major loop components, and safety injection points are modeled with the
onc-dimensional fluid model. '

The basic building block for the vessel is the channel, a vertical stack of single mesh
cells. Several channels can be connected together by gaps to model a region of the reactor
vessel. Regions that occupy the same level form a section of the vessel. Vessel sections are
connected axially to complete the vessel mesh by specifying channel conncctions between
sections. Heat transfer surfaces and solid structures that interact significantly with the fluid
can be modeled with rods and unheated conductors. The fuel parameters are generated using
the Westinghouse fuel performance code (PAD 4.0, Reference 6).

One-dimensional components are connected to the vessel. Special purpose components exist
to model specific components such as the steam generator and pump.

A typical calculation using WCOBRA/TRAC begins with the establishment of a stcady-state
initial condition with all loops intact. The input parameters and initial conditions for this
steady-state calculation are discussed in the next section.

Following the cstablishment of an acceptable steady-state condition, the transient calculation
is initiated by introducing a break into one of thc loops. The evolution of the transient
through blowdown, refill, and reflood follows continuously, using the same computer code
(WCOBRA/TRAC) and the same modeling assumptions. Containment pressure is modeled
with the BREAK component using a time dependent pressure table. Containment pressure is
calculated using the COCO code (Reference 5) and mass and energy relcases from the
WCOBRA/TRAC calculation. The parameters used in the containment analysis to determine
this pressure curve are presented in Tables 14.3.2-1 through 14.3.2-3.

The methods used in the application of WCOBRA/TRAC to the large break LOCA are
described in References 10 through 12. A detailed assessment of the computer code
WCOBRA/TRAC was made through comparisons to experimental data. These assessments
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were used to develop quantitative estimates of the code's ability to predict key physical
phenomena in a PWR large break LOCA. Modecling of a PWR introduces additional
uncertainties which are identified and quantified in the plant-specific analysis
(Reference 13). The final step of the best-estimate methodology is to combine all the
uncertainties related to the code and plant parameters and estimate the PCT at the 95th
percentile (PCT*%). The steps taken to derive the PCT uncertainty estimate are summarized
below:

1. Plant Model Development

In this step, a WCOBRA/TRAC model of the Kewaunee Nuclear Power Plant (KNPP) is
developed. A high level of noding detail is used, in order to provide an accurate
simulation of the transient. However, specific guidelines are followed to assurc that the
model is consistent with models used in the code validation. This results in a high level
of consistency among plant models, except for specific areas dictated by hardware
differences such as in the upper plenum of the reactor vesscl or the ECCS injection
configuration. '

o

Determination of Plant Operating Conditions

In this step, the expected or desired range of the plant operating conditions to which the
analysis applics is established. The parameters considered are based on a “key LOCA
parameters” list that was developed as part of the methodology. A set of these
parameters, at mostly nominal values, is chosen for input as initial conditions to the plant
model. A split break in the cold leg (a longitudinal break along the side of the pipe) is
modcled initially, as was determined to bc limiting for a typical two-loop plant
(Reference 12). A transient is run utilizing these parameters and is known as the “initial
transient”. Next, several confirmatory runs are made, which vary a subset of the key
LOCA parameters over their expected operating range in one-at-a-time sensitivities. The
results of these calculations for KNPP arc discusscd in Scction 4 of Reference 13. The
most limiting input conditions, based on these confirmatory runs, are then combined into
a single transient, which is then called the “reference transient”.

3. PWR Secnsitivity Calculations
A scries of PWR transients are performed in which the initial fluid conditions and
boundary conditions are ranged around the nominal conditions used in the reference
transient. The results of these calculations for KNPP form the basis for the determination
of the initial condition bias and uncertainty discussed in Section 5 of Reference 13.

Next, a series of transients are performed which vary the power distribution, taking into
account all possible power distributions during normal plant operation. The results of
these calculations for KNPP form the basis for the determination of the power
distribution bias and uncertainty (rcsponsc surface) discussed in Section 6 of
Reference 13.

Finally, a scries of transients are performed which vary parameters that affect the overall
system responsc  (“global” paramcters) and local fuel rod responsc (“local”
parameters). The results of these calculations for KNPP form the basis for the
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determination of the model bias and uncertainty (response surface) discussed in Section 7
of Reference 13.

4. Response Surface Calculations
The results from the power distribution and global model WCOBRA/TRAC runs
performed in Step 3 are fit by regression analyses into equations known as response
surfaces. The results of the initial conditions run matrix arc used to gencrate a PCT
uncertainty distribution.

5. Uncertainty Evaluation

The total PCT uncertainty from the initial conditions, power distribution, and modcl
calculations is derived using the approved methodology (References 12). The uncertainty
calculations assume certain plant operating ranges which may be varied depending on the
results obtained. These uncertainties are then combined to determine the initial estimate
of the total PCT uncertainty distribution for the split and limiting guillotine breaks. The
results of these initial estimates of the total PCT uncertainty arc compared to determine
the limiting break type. If the guillotine break is limiting, an additional set of guillotine
transients are performed which vary overall system response (“global™ parameters) and
local fuel rod responsc (“local” parameters). The results of these calculations form the
basis for the determination of the model bias and uncertainty for guillotine breaks
discussed in Section 8 of Reference 13. Finally, an additional series of runs is made to
quantify the bias and uncertainty due to assuming that the above three uncertainty
categories are independent. The final PCT uncertainty distribution is then calculated for
the limiting break type, and the 95th percentile PCT (PCT*®) is determined, as described
later under Uncertainty Evaluation.

6. Plant Opcrating Range
The plant operating range over which the uncertainty evaluation applies is
defined. Depending on the results obtained in the above uncertainty evaluation, this
range may be the desired range established in step 2, or may be narrower for some
parameters to gain additional margin.

There arc three major uncertainty categorics or clements:
¢ Initial condition bias and unccrtainty

e Power distribution bias and uncertainty

e Model bias and uncertainty

Conceptually, these elements may be assumed to affect the reference transient PCT as shown
below:

PCT; = PCTrer; + APCTic,i + APCTpp; + APCTmonii (14.3.2-1)

where,
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PCTrer;i = Reference transient PCT: The reference transicnt PCT is calculated

using WCOBRA/TRAC at the nominal conditions identified in
Tablc 14.3.2-4, for the blowdown and reflood periods.

APCTic;

Initial condition bias and uncertainty: This bias is the difference
between the reference transient PCT, which assumes several nominal
or average initial conditions, and the average PCT taking into account
all possible values of the initial conditions. This bias takes into
account plant variations which have a relatively small cffect on
PCT. The clements which make up this bias and its uncertainty are
plant-specific.

APCTpp,;

Power distribution bias and uncertainty: This bias is the difference
between the reference transient PCT, which assumes a nominal power
distribution, and the avcrage PCT taking into account all possible
power distributions during normal plant operation. Elements which
contribute to the uncertainty of this bias are calculational uncertainties,
and variations due to transient operation of the reactor.

APCTmop; = Model bias and uncertainty: This component accounts for
uncertaintics in the ability of the WCOBRA/TRAC code to accuratcly
predict important phenomena which affect the overall system response
(“global” parameters) and the local fuel rod response (“local”
parameters). The code and model bias is the difference between the
reference transient PCT, which assumes nominal values for the global
and local parameters, and the average PCT taking into account all
possible values of global and local parameters.

‘The separability of the bias and uncertainty components in the manner described above is an
approximation, since the parameters in each element may be affected by parameters in other
elements. The bias and uncertainty associated with this assumption is quantified as part of
the overall uncertainty methodology and included in the final estimates of PCT%*,

Large Break LOCA Analysis Results

A scries of WCOBRA/TRAC calculations were performed using the Kewaunee Nuclear
Power Plant (KNPP) input model, to determine the effect of variations in several key LOCA
paramcters on peak cladding temperature (PCT). From these studics, an asscssment was
made of the paramecters that had a significant cffect as will be described in the following
sections.

LOCA Transient Description
The plant-specific analysis performed for the Kewaunee Nuclear Power Plant indicated that

the split break is more limiting than the double-ended cold leg guillotine (DECLG)
break. The plant conditions used in the split break reference transient arc listed in
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Table 14.3.2-4, The results of the initial transient and the confirmatory calculations
performed to determine the final reference transicent are listed in Table 14.3.2-5. Note that
the initial transient and confirmatory calculations were performed at a slightly lower power
(1.4% lower) and a slightly larger T, operating window than the final reference
transient. This was done to incorporate a mid-analysis request to reduce the calorimetric
uncertainty from 2.0% to 0.6%. Neither change is considered to be a significant perturbation
to the plant initial opcrating conditions and will not affect the rclative outcome of the
confirmatory and break spectrum calculations. Table 14.3.2-4 reflects the final reference
transient conditions at the higher power. Since many of these parameters are at their
bounded values, the calculated results are a conscrvative representation of the response to a
large break LOCA. The following ts a description of the final reference transicnt.

The LOCA transient can be conveniently divided into a number of time periods in which
specific phenomena are occurring. For a typical large break, the blowdown period can be
divided into the critical heat flux (CHF) phase, the upward corc flow phase, and the
downward corc flow phase. These arce followed by the refill, reflood, and long term core
cooling phases. The important phenomena occurring during each of these phases in the
reference transient are discussed below.

The containment back pressure curve used in all of the calculations is calculated using the
COCO code (Reference 5) and mass and energy releases from the WCOBRA/TRAC
transient at the lower power. The parameters used in the containment analysis to determine
this pressure are listed in Tables 14.3.2-1 through 14.3.2-3. The mass and energy releases
from the lower powered transient are shown in Table 14.3.2-6. Thesc mass and cnergy
releases were used to calculate the final containment pressure curve (Figure 14.3.2-1) used in
the reference transient shown on Table 14.3.2-5 and all of the subsequent WCOBRA/TRAC
calculations. This containment pressure was assessed to be a lower bound to pressure
calculated using the mass and energy relcases from the final reference transient at the final
uprated power,

Critical Heat Flux (CHF) Phase (0-5 seconds)

The reactor coolant pumps arc assumed to trip coincident with the break opening. Shortly
after the break is assumed to open, the vessel depressurizes rapidly and the core flow
decreases as subcooled liquid flows out of the vessel into the broken cold leg. The fuel rods
go through departure from nucleate boiling (DNB) and the cladding rapidly hcats up
(Figure 14.3.2-3) whilc the core power shuts down duc to voiding in the core. Control rod
insertion is not modeled. The hot water in the core and upper plenum flashes to steam. The
water in the upper head flashes and is forced down through the guide tubes. The brrak flow
becomes saturated and is substantially reduced (Figure 14.3.2-4).

At approximately 4 seconds, the pressure in the pressurizer has fallen to the point where the
safety injection signals are initiated.
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Upward Core Flow Phase (4-8 seconds)

The colder water in the downcomer and lower plenum flashes, and the mixture swells. Since
the intact loop pump is assumed to trip at the initiation of the break, it begins to coast down
and does not serve to enhance upflow cooling by pushing fluid into the core. The upflow
phase is short-lived for this reason. However, there is sufficient upflow cooling to begin
significantly reducing the heat up in the fuel rods. As the lower plenum fluid depletes,
upflow through the core ends (Figure 14.3.2-5).

Downward Core Flow Phase (8-30 scconds)

The break flow begins to dominate and pulls flow down through the core. Figure 14.3.2-5
shows the total core flow at the core midplane. The blowdown PCT of 1654°F occurs as the
downflow increases in intensity and continues to decrease while downflow is sustained. At
approximately 11 scconds, the pressure in the cold leg falls to the point where accumulators
begin injecting cold water into the cold legs (Figure 14.3.2-6). Becausc the break flow is still
high, much of the accumulator emergency core cooling system (ECCS) water entering the
downcomer is bypassed out of the break. As the system pressure continues to decrease, the
break flow, and consequently the core flow, is reduced. The break flow further reduces and
the accumulator water begins to fill the downcomer and lower plenum. The core flow is
nearly stagnant during this period and the hot assembly experiences a near adiabatic heat up.

Refill Phase (30-40 seconds)

The high head safety injection (HHSI) pump begins to inject (Figurc 14.3.2-7) into the cold
leg at approximately 34 seconds assuming a delay time of 30 seconds after the SI signal is
initiated when a loss of offsite power is assumed. Since the break flow has significantly
reduced by this time, much of the ECCS cntering the downcomer via the cold leg is retained
in the downcomer and refills the lower plenum. The low head safety injection (LHSI) pump
is assumed to begin injecting (Figure (14.3.2-8) cold ECCS water into the upper plenum at
approximately 39 seconds, assuming a delay of 35 scconds for the loss of offsite power case,
after the SI signal has been actuated. The water enters the vessel at the hot leg nozzle
centerline clevation and falls down to thc upper core plate through the outer global
channels. The liquid drains down through the low power region via the open hole channel of
the counter-current flow limiting (CCFL) region. The hot assembly experiences a nearly
adiabatic heatup as the lower plenum fills with ECCS water (Figures 14.3.2-3 and 14.3.2-10).

Reflood (40-250 seconds)

At approximately 40 seconds, the intact loop accumulator is empty of water, and begins
injecting nitrogen into the cold leg (Figure 14.3.2-6). The insurge in the downcomer forces
the downcomer liquid into the lower plenum and core regions (Figures 14.3.2-9 through
14.3.2-11). During this time, core cooling is increased, and the hot assembly clad
temperature decreases slightly.

The clad temperature in the hot assembly returns to nearly adiabatic heatup for about
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30 seconds, until the core again begins to refill. The LHSI liquid flows down through the
low power region and crossflows into the average assemblics near the bottom of the
corc. This water quenches the bottom of the core, which produces vapor that flows up
through the average and hot assemblies, providing bottom-up cooling. The reflood PCT of
1763°F occurs at approximately 70 seconds.

Long Term Core Cooling

At the end of the WCOBRA/TRAC calculation, the core and downcomer levels are
increasing as the pumped safety injection flow exceeds the break flow. The core and
downcomer levels would be expected to continuc to risc, until the downcomer mixture Icvel
approaches the loop elevation. At that point, the break flow would increase, until it roughly
matches the injection flowrate. The core would continue to be cooled until the entire core is
cventually quenched.

Confirmatory Sensitivity Studies

A number of sensitivity calculations were carried out to investigate the effect of the key
LOCA parameters, and to develop the required data for the uncertainty evaluation. In the
sensitivity studies performed, LOCA parameters were varicd onc at a time. For each
sensitivity study, a comparison between the base case and the sensitivity case transient results
was made.

The results of the sensitivity studies arc summarized in Tables 14.3.2-5 and 14.3.2-7. A full
report on the results for all sensitivity study results is included in Scction 4 of
Reference 13. The results of these analyses lead to the following conclusions:

1. The limiting break typc is a cold leg split brcak, and thc limiting split break arca is
0.7 times the area of a cold leg pipe (Cp = 0.7), which is 2.88 ft?. This split break size is
then modeled in the reference transient, as well as in the subsequent calculations used in
the determination of uncertainties.

2. Modecling the pressurizer on the broken loop results in a higher PCT than modeling the
pressurizer on the intact loop.

3. Modeling loss-of-offsitc power (LOOP) results in a higher PCT than when the reactor
coolant pumps are assumed to continue to run (no-LOOP).

4. Maximum steam generator tube plugging (10%) results in the highest PCT.

5. Modeling the minimum value of vessel average temperature (Tavg = 556.3°F) results in
the highest PCT. '

6. Modeling the maximum power fraction (P ow= 0.6) in the low power/periphery channel
of the core results in the highest PCT.
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Initial Conditions Sensitivity Studies

Several calculations were performed to evaluate the cffect of change in the initial conditions
on the calculated LOCA transient. These calculations analyzed key initial plant conditions
over their expected range of operation. These studies included effects of ranging RCS
conditions (pressure and temperature), safety injection temperature, and accumulator
conditions (pressure, temperature, volume, and linc resistance). The results of these studies
are presented in Section 5 of Reference 13.

The calculated results were used to develop initial condition uncertainty distributions for the
blowdown and reflood peaks. These distributions are then uscd in the uncertainty evaluation
to predict the PCT uncertainty component resulting from initial conditions uncertainty
(APCTyc;).

Power Distribution Scnsitivity Studics

Scveral calculations were performed to evaluate the effect of power distribution on the
calculated LOCA transient. The power distribution attributes which were analyzed are the
peak linear heat rate relative to the core average, the maximum relative rod power, the
relative power in the bottom third of the core (Pgor), and the relative power in the middle
third of the core (Pmmp). The choice of these variables and their ranges arc based on the
cxpected range of plant operation. The ranges for cach of these variables can be
superimposed upon a scatter plot of all possible power shapes for a typical KNPP fuel cycle
(including 18-month fuel cycles). The box surrounding the power shapes encompasses the
range on Ppor and Pyp that was analyzed with this power distribution run matrix, as shown
in Section 6 of Reference 13.

The power distribution parameters used for the reference transient are biased to yield a
relatively high PCT. The reference transient uses the maximum F,y, a skewed to the top
power distribution, and a Fq at the midpoint of the sample range.

A run matrix was devcloped in order to vary the power distribution attributes singly and in
combination. The calculated results are presented in Section 6 of Reference 13. The
sensitivity results indicated that power distributions with peak powers shifted towards the
middle of the core produced higher PCTs as a result of some steam cooling in the top of the
corc for UP] plants.

The calculated results were used to develop response surfaces, as described in Step 4 of
Section 14.3.2.2, which could be used to predict the change in PCT for various changes in the
power distributions for the blowdown and reflood peaks. These were then used in the
uncertainty cvaluation, to predict the PCT uncertainty component resulting from
uncertainties in power distribution parameters, (APCTpp;).

Global Model Sensitivity Studies

Scveral calculations werc performed to cvaluate the cffect of break flow path resistance and
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upper plenum drain distribution on the PCT for the split break with the limiting break area
(Cp=0.7). As in the power distribution study, thesc parameters were varied singly and in
combination in order to obtain a data base which could be used for response surface
generation. The run matrix and ranges of the break flow parameters are described in
Reference 12. The limiting guillotine break was also identified using the methodology
described in Reference 12. The plant specific calculated results are presented in Section 7 of
Reference 13. The results of these studics indicated that the split break calculation resulted
in much higher PCTs than the guillotine break calculations. Therefore, no further guillotine
calculations needed to be performed.

The calculated results were used to develop response surfaces as described in
Section 14.3.2.2, which could be used to predict the change in PCT for various changes in the
flow conditions. These were then used in the uncertainty evaluation to predict the PCT
uncertainty component resulting from uncertainties in global model parameters (APCTwmob,)-

Uncertainty Evaluation and Results

The PCT cquation was presented in Section 14.3.2.2. Each element of uncertainty is initially
considered to be independent of the other. Each bias component is considered a random
variable, whose uncertainty and distribution is obtained directly, or is obtained from the
uncertainty of the parameters of which the bias is a function. For example, APCTpp; is a
function of Fg, Fau, Pror, and Pymp. Its distribution is obtained by sampling the plant Fq,
Fan, Pgort, and Pypp distributions and using a response surface to calculate APCTppj;. Since
APCT; is the sum of these biases, it also becomes a random variable. Separate initial PCT
frequency distributions arc constructed as follows for the split brecak and the limiting
guillotine break size:

1. Generate a random value of each APCT element.
2. Calculate the resulting PCT using Equation 14.3.2-1.
3. Repeat the process many times to generate a histogram of PCTs.

A final verification step is performed in which additional calculations (known as
“supcrposition” calculations) are made with WCOBRA/TRAC, simultancously varying
several parameters which were previously assumed independent (for example, power
distributions and models). Predictions using Equation 14.3.2-1 arec compared to this data,
and additional biases and uncertainties are applied.

The estimate of the PCT at 95% probability is detcrmined by finding that PCT below which
95% of the calculated PCTs reside. This estimate is the licensing basis PCT, under the
revised ECCS rule.

The results for the Kewaunee Nuclear Power Plant are given in Table 14.3.2-8, which shows
the reflood 95th percentile PCT (PCT***) of 2084°F. As expected, the difference between
the 95% value and the average value increases with increasing time, as more parameter
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uncertainties come into play.
Evaluations

The transition from Siemens Standard/Heavy Fuel Assemblies to Westinghouse 14x14
Vantage+ fuel with Performance+ features (422V+) fuel has been evaluated for the effects of
hydraulic mismatch and differences in fuel designs. The Reference Transient for the KNPP
was used to determine the transition core effects.

Two additional calculations were performed for this assessment. For one calculation, the hot
assembly was modeled with the fresh 422V+ fucl, surrounded by Siemens Heavy fucl, once
burned. For the second calculation, the hot assembly was modeled with Siemens Heavy fuel
(once burned), surrounded by fresh 422V+ assemblies. In both calculations, the low
power/peripheral region was modeled with Siemens Heavy fuel (once burned). The results
of the asscssment indicate that the Best-Estimatc analysis with a full core of 422V+ fuel for
the KNPP bounds the transition core cycles.

Large Break LOCA Conclusions

It must be demonstrated that there is a high level of probability that the limits set forth in
10 CFR 50.46 are met. The demonstration that these limits are met for the Kewaunee
Nuclear Power Plant is as follows:

1. There is a high level of probability that the peak cladding temperature (PCT) shall not
exceed 2200°F. The results presemed in Table 14.3.2-8 indicate that this rcgulatory limit
has been met with a reflood PCT?* of 2084°F.

2. The maximum calculated local oxidation of the cladding shall nowhere exceed 0.17 times

- the total cladding thickness before oxidation. The approved Best-Estimate LOCA

mcthodo]ogy assesses this requirement using a plant-specific transient which has a PCT

in excess of the estimated 95 percentile PCT (PCT”"’) Based on this conservative

calculation, a maximum local oxidation of 8.44% is calculated, which meets the
rcgulatory limit.

3. The calculated total amount of hydrogen generated from the chemical reaction of the
cladding with water or stcam shall not exceed 0.01 times the hypothetical amount that
would be generated if all of the metal in the cladding cylinders surrounding the fuel were
to react. The total amount of hydrogen generated, based on this conservative assessment
is 0.0074 times the maximum theoretical amount, which meets the regulatory limit.

4. Calculated changes in corc geometry shall be such that the corc remains amenable to
cooling. This requirement is met by demonstrating that the PCT does not exceed 2200°F,
the maximum local oxidation does not exceed 17%, and the seismic and LOCA forces are
not sufficient to distort the fuel assemblies to the extent that the core cannot be
cooled. The BE UPI mcthodology (References 11 and 12) specifies that the effects of
LOCA and seismic loads on core geometry do not need to be considered unless grid crush
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14.3.3

extends to in-board assemblies. Fuel assembly structural analyses performed for
Kewaunee indicate that this condition does not occur. Therefore, this regulatory limit is
met.

5. After any calculated successful initial operation of the ECCS, the calculated core
temperature shall be maintained at an acceptably low value and decay heat shall be
removed for the extended period of time required by the long lived radioactivity
remaining in the core. The conditions at the end of the WCOBRA/TRAC calculations
indicates that the transition to long term cooling is underway even before the entire core
is quenched. ‘

SER Requirements

The SER requirements for three- and four-loop plants (Reference 11) have been met for this
KNPP analysis. The BE UPI Evaluation Model has additional requircments to verify that the
plant conditions fall within the range of conditions represented by the test simulations used
for assessment of phenomena unique to upper plenum injection plants
(Reference 15). Table 14.3.2-9 compares the plant conditions for KNPP to the test
conditions utilized in the BE UPI methodology (References 12). From this table, it is clear
that KNPP conditions fall within the range of test conditions. Thus, the BE UPI SER
requirements have been met for Kewaunee.

Plant Operating Range

The expected PCT and its uncertainty developed above is valid for a range of plant operating
conditions. In contrast to current Appendix K calculations, many parameters in the base case
calculation are at nominal values. The range of variation of the operating parameters has
been accounted for in the estimated PCT uncertainty. Table 14.3.2-10 and Figures 14.3.2-12
through 14.3.2-14 summarize the operating ranges for the Kewaunee Nuclear Power Plant. If
operation is maintained within these ranges, the LOCA analysis developed in Reference 13 is
considered to be valid.

CORE AND INTERNALS INTEGRITY ANALYSIS

The response of the reactor core and vessel internals under excitation produced by a
simultaneous complete severance of a reactor coolant pipe and seismic excitation of typical
two loop plant internals has been determined. A detailed description of the analysis
applicable to the Kewaunee Nuclear Power Plant design appears in WCAP 7822,
(Reference 1) Indian Point Unit2 Reactor Internals Mechanical Analysis for Blowdown
Excitation (Westinghouse Proprietary).

See Steam Generator Replacement and Tavg Operating Window Program Licensing Report
(Reference 7), Section 5.2 for Updates to Internals Qualifications.
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Reactor Internals Response Under Blowdown and Seismic Excitation

A loss-of-coolant accident may result from a rupture of reactor coolant piping. During the
blowdown of the coolant, critical components of the core are subjected to vertical and
horizontal excitation as a result of rarefaction waves propagating inside the reactor vessel.

For these large breaks, the reduction in water density greatly reduces the reactivity of the
core, thereby shutting down the core whether the rods are tripped or not. (The subsequent
refilling of the core by the Emergency Core Cooling System uses borated water to maintain
the core in a sub-critical state.) Therefore, the main requirement is to assure effectiveness of
the Emergency Core Cooling System. Insertion of the control rods, although not needed,
gives further assurance of ability to shut the plant down and keep it in a safe shutdown
condition.

The pressure waves generated within the reactor are highly dependent on the location and
nature of the postulated pipe failure. In general, the more rapid the severance of the pipe, the
more severe the imposed loadings on the components. A one-millisecond severance time is
taken as the limiting case.

In the case of the hot leg break, the vertical hydraulic forces produce an initial upward lift of
the core. A rarefaction wave propagates through the reactor hot leg nozzle into the interior of
the upper core barrel. Since the wave has not reached the flow annulus on the outside of the
barrel, the upper barrel is subjected to an impulsive compressive wave. Thus, dynamic
instability (buckling) or large deflection of the upper core barrel or both is the possible
response of the barrel during hot leg blowdown. In addition to the above effects, the hot leg
break results in transverse loading on the upper core components as the fluid exits the hot leg
nozzle.

In the case of the cold leg break, a rarefaction wave propagates along a reactor inlet pipe
arriving first at the core barrel at the inlet nozzle of the broken loop. The upper barrel is then
subjected to a nonaxisymmetric expansion radial impulse, which changes as the rarefaction
wave propagates both around the barrel and down the outer flow annulus between vessel and
barrel. After the cold leg break, the initial steady-state hydraulic lift forces (upward)
decrease rapidly (within a few milliseconds) and then increase in the downward
direction. These cause the reactor core and lower support structure to move initially
downward.

If a simultaneous seismic event with the intensity of the design basis earthquake (DBE) is
postulated with the loss-of-coolant accident, the imposed loading on the internals component
maybe additive in certain cases, and therefore, the combined loading must be considered. In
general, however, the loading imposed by the earthquake is small compared to the blowdown
loading.
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Acceptance Criteria for Results of Analyses

The criteria for acceptability in regard to mechanical integrity analysis is that adequate core
cooling and core shutdown must be assured. This implies that the deformation of the reactor
internals must be sufficiently small so that the geometry remains substantially
intact. Consequently, the limitations established on the internals are concerned principally
with the maximum allowable deflections and/or stability of the parts, in addition to a stress
criterion, to assure integrity of the components.

Allowable Deflection and Stability Criteria
Upper Barrel - The upper barrel deformation has the following limits:

a) To insure a shutdown and cooldown of the core during blowdown, the basic requirement
is a limitation on the outward deflection of the barrel at the locations of the inlet nozzles
connected to the unbroken lines. A large outward deflection of the barrel in front of the
inlet nozzles, accompanied with permanent strains, could close the inlet area and stop the
cooling water coming from the accumulators. (The remaining distance between the
barrel and the vessel inlet nozzle after the accident must be such that the inlet flow area
be approximately the same as that of the accumulator pipes). Consequently, a permanent
barrel deflection in front of the unbroken inlet nozzles larger than a certain limit called
the “no-loss of function” limit, could impair the efficiency of the Emergency Core
Cooling System. ' '

b) To assure rod insertion and to avoid disturbing the Control Rod Cluster guide structure,
the barrel should not interfere with the guide tubes. This condition also requires a
stability check to assure that the barrel will not buckle under the accident loads.

Control Rod Cluster Guide Tubes - The guide tubes in the upper core support package house
the control rods. The deflection limits were established from tests.

Fuel Assembly - The limitations for this case are related to the stability of the thimbles in the
- upper end. The upper end of the thimbles shall not experience stresses above the allowable
dynamic compressive stresses. Any buckling of the upper end of the thimbles due to axial
compression could distort the guideline and thereby affect the free fall of the control rod.

Upper Package — The maximum allowable local deformation of the upper core plate where a
guide tube is located is 0.100 inch. This deformation will cause the plate to contact the guide
tube since the clearance between plate and guide tube is 0.100 inches. This limit will prevent
the guide tubes from undergoing compression. For a plate local deformation of 0.150 inches,
the guide tube will be compressed and deformed transversely to the upper limit previously
established; consequently, the value of 0.150 inches is adopted as the no loss-of-function
local deformation, with an allowable limit of 0.100 inches.
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Allowable Stress Criteria

For this faulted condition, the allowable stress criteria is given by Figure 14.3-21a. This
figure defines various criteria based upon their corresponding method of analysis.

To account for multi-axial stresses, the Von Mises Theory is also considered.
Method of Analysis
Blowdown Model

BLODWN-2 is a digital computer program developed for the purpose of calculating local
fluid pressure, flow, and density transients that occur in PWR coolant systems during a loss-
of-coolant accident (Reference 2). This program applies to the sub-cooled, transition, and
saturated two-phase blowdown regimes. BLODWN-2 is based on the method of
characteristics wherein the resulting set of ordinary differential equations, obtained from the
laws of conservation of mass, momentum, and energy, are solved numerically using a fixed
mesh in both space and time.

Although spatially one-dimensional conservation laws are employed, the code can be applied
to describe three-dimensional system geometries by use of the equivalent piping
networks. Such piping networks may contain any number of pipes or channels of various
diameters, dead ends, branches (with up to six pipes connected to each branch), contractions,
expansions, orifices, pumps, and free surfaces (such as in the pressurizer). System losses
such as friction, contraction, expansion, etc., are considered.

BLODWN-2 predictions have been compared with numerous test data as reported in
WCAP-7401 (Reference 4). It is shown that the BLODWN-2 digital computer program
correlates well with both the sub-cooled and the saturated blowdown regimes.

FORCE Model for Blowdown

BLODWN-2 evaluates the pressure and velocity transients for a maximum of 2400 locations
throughout the system. These pressure and velocity transients are stored as a permanent tape -
file and are made available to the program FORCE which utilizes a detailed geometric
description in evaluating the loadings on the reactor internals.

Each reactor component for which FORCE calculations are required is designated as an
element and assigned an element number. Forces acting upon each of the elements are
calculated summing the effects of:

1) The pressure differential across the element.

2) Flow stagnation on, and unrecovered orifice losses across the element.

3) Friction losses along the element.
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Input to the code, in addition to the BLODWN-2 pressure and velocity transients includes the
effective area of each element on which the force acts, due to the pressure differential across
the element, a coefficient to account for flow stagnation, unrecovered orifice losses, and the
total area of the element along which the shear forces act.

The mechanical analysis has been performed using conservative assumptions in order to
obtain results with extra margin. Some of the most significant are:

a) The mechanical and hydraulic analysis has been performed separately without including
the effect of the water-solid interaction. Peak pressures obtained from the hydraulic
analysis will be attenuated by the deformation of the structures.

b) When applying the hydraulic forces, no credit is taken for the stiffening effect of the fluid
environment, which will reduce the deflections and stresses in the structure.

¢) The multi-mass model described below is considered to have a sufficient number of
degrees of freedom to represent the most important modes of vibration in the vertical
direction. This model is conservative in the sense that further mass-spring resolution of
the system would lead to further attenuation of the shock effects obtained with the present
model.

Method of Blowdown Re-Analysis

Re-analysis performed in support of increased full power primary coolant temperature range
and new fuel products (such as Siemens-Designed 14x14 fuel) have made use of the
MULTIFLEX (References 5 and 6) computer code, rather than BLODWN-2 described
above. These analyses use the FORCE2 computer code (described in Reference 6) to post
process MULTIFLEX hydraulic transient results into vertical forces as described above for
the FORCE code. Lateral forces are computed using the LATFORC code (described in
Reference 6). Additional details of these re-analysis are found in Section 6.5 of the Steam
Generator Replacement and Tavg Operating Window Program Licensing Report (Reference
7). As described in Section 5.2 of Reference 7, the core and internals integrity calculations
found the re-analysis loads to remain bounded by the calculations described above.

Vertical Excitation Model for Blowdown

For the vertical excitation, the reactor internals are represented by a multi-mass system
connected with springs and dashpots simulating the elastic response and the viscous damping
of the components. Also incorporated in the multi-mass system is a representation of the
motion of the fuel elements relative to the fuel assembly grids. The fuel elements in the fuel
assemblies are kept in position by friction forces originating from the preloaded fuel
assembly grid fingers. Coulomb-type friction is assumed in the event that sliding between the
rods and the grid fingers occurs. Figure 14.3-21 shows the spring-mass system used to
represent the internals. In order to obtain an accurate simulation of the reactor internals
response, the effects of internal damping, clearances between various internals, snubbing

USAR - Rev. 18
14.3-23 11/01/2003



action caused by solid impact, Coulomb friction induced by fuel rods motion relative to the
grids, and pre-loads in holddown springs have been incorporated in the analytical
model. The reactor vessel is regarded as a fixed base while the internals undergo relative
displacement with respect to their initial position. The modeling is conducted in such a way
that uniform masses are lumped into easily identifiable discrete masses while elastic elements
are represented by springs. Table 14.3-3 lists the various masses, springs, etc.

The appropriate dynamic differential equations for the multi-mass model describing the
aforementioned phenomena are formulated and the results obtained using a digital computer
program which computes the response of the multi-mass model when excited by a set of time
dependent forcing functions. The appropriate forcing functions are applied simultaneously
and independently to each of the masses in the system. The results from the program give
the forces, displacements and deflections as functions of time for all the reactor internals
components (lumped masses). Reactor internals response to both hot and cold leg pipe
ruptures are analyzed. The forcing functions used in the study are obtained from hydraulic
analyses of the pressure and flow distribution around the entire reactor coolant system as
caused by double-ended severance of a reactor coolant system pipe.

Vertical Excitation Model for Earthquake

As shown in WCAP-7822 (Reference 1) the reactor internals are modeled as a single degree-
of-freedom system for vertical earthquake analysis. The maximum acceleration at the vessel
support is increased by amplification due to the building-soil interaction.

Transverse Excitation Model for Blowdown

Various reactor internal components are subjected to transverse excitation during
blowdown. Specifically, the barrel, guide tubes, and upper support columns are analyzed to
determine their response to this excitation.

Core Barrel

For the hydraulic analysis of the pressure transients during hot leg blowdown, the maximum
pressure drop across the barrel is a uniform radial compressive impulse. The barrel is then
analyzed for dynamic buckling using these conditions and the following conservative
assumptions:

a) The effect of the fluid environment is neglected (water stiffening is not considered);

b) The shell is treated as simply supported.

During cold leg blowdown, the upper barrel is subjected to a nonaxisymmetric expansion
radial impulse, which changes as the rarefaction wave propagates both around the barrel and

down the outer flow annulus between vessel and barrel.

The analysis of transverse barrel response to cold leg blowdown is performed as follows:
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1) The upper core barrel is treated as a simply supported cylindrical shell of constant
thickness between the upper flange weldment and the lower core barrel weldment without
taking credit for the supports at the barrel mid-span offered by the outlet nozzles. This
assumption leads to conservative deflection estimates of the upper core barrel.

2) The upper core barrel is analyzed as a shell with four variable sections to model the
support flange, upper barrel, reduced weld section, and a portion of the lower core barrel.

3) The barrel with the core and thermal shield is analyzed as a beam fixed at the top and
elastically supported at the lower radial support and the dynamic response is obtained.

Guide Tubes - The dynamic loads on RCC guide tubes are more severe for a loss-of-coolant
accident caused by hot leg rupture than for an accident by cold leg rupture since the cold leg
break leads to much smaller changes in the transverse coolant flow over the RCC guide
tubes. Thus, the analysis is performed only for a hot leg blowdown.

The guide tubes in closest proximity to the ruptured outlet nozzle are the most severely
loaded. The transverse guide tube forces during the hot leg blowdown decrease with
increasing distance from the ruptured nozzle location.

A detailed structural analysis of the RCC guide tubes was performed to establish the
equivalent cross-section properties and elastic and support conditions. An analytical model
was verified both dynamically and statically by subjecting the control rod cluster guide tube
to a concentrated force applied at the transition plate. In addition, the guide tube was loaded
-experimentally using a triangular distribution to conservatively approximate the hydraulic
loading. The experimental results consisted of a load deflection curve for the RCC guide
tube plus verification of the deflection criteria to assure RCC insertion.

The response of the guide tubes to the transient loading due to blowdown may be found by
utilizing the equivalent single freedom system for the guide tube using experimental results
for equivalent stiffness and natural frequency.

The time dependence of the hydraulic transient loading has the form of a step function with
constant slope front with a rise time to peak force of the same order of the guide tube
fundamental period in water. The dynamic application factor in determining the response is
a function of the ramp impulse rise time divided by the period of the structure.

Upper Support Columns - Upper support columns located close to the broken nozzle during
hot leg break will be subjected to transverse loads due to cross flow.

The loads applied to the columns were computed with a similar method to the one for the
guide tubes, i.e., taking into consideration the increase in flow across the column during the
accident. The columns were studied as beams with variable section and the resulting stresses
were obtained using the reduced section modulus at the slotted portions.
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Transverse Excitation Model for Earthquake

The reactor building with the reactor vessel support, the reactor vessel, and the reactor
internals are included in this analysis. The mathematical model of the building, attached to
ground, is identical to that used to evaluate the building structure. The reactor internals are
mathematically modeled by beams, concentrated masses and linear springs.

All masses, water and metal are included in the mathematical model. All beam elements
have the component weight or mass distribution uniformly, e.g., the fuel assembly-mass and
barrel mass. Additionally, wherever components are attached uniformly their mass is
included as an additional uniform mass, e.g., baffles and formers acting on the core
barrel. The water near and about the beam elements is also included as a distributed
mass. Horizontal components are considered as a concentrated mass acting on the
barrel. This concentrated mass also includes components attached to the horizontal
members, since these are the media through which the reaction is transmitted. The water
near and about these separated components is considered as being additive at these
concentrated mass points.

The concentrated masses attached to the barrel represent the following:

¢ the upper core support structure, including the upper vessel head and one-half the upper
internals;

¢ the upper core plate, including one-half the thermal shield and the other one-half of the
upper internals;

¢ the lower core plate, including one-half of the lower core support columns;

the lower one-half of the thermal shield, and

¢ the lower core support, including the lower instrumentation and the remaining half of the
lower core support columns.

*

The modulus of elasticity is chosen at its hot value for the three major materials found in the
vessel, internals, and fuel assemblies. In considering shear deformation, the appropriate
cross-sectional area is selected along with a value for Poisson's ratio. The fuel assembly
moment of inertia is derived from experimental results by static and dynamic tests performed
on fuel assembly modes. These tests provide stiffness values for use in this analysis.

The fuel assemblies are assumed to act together and are represented by a single beam. The
following assumptions are made in regard to connection restraints. The vessel is pinned to
the vessel support and part of the containment building. The barrel is clamped to the vessel
at the barrel flange and spring-connected to the vessel at the lower core barrel radial
support. This spring corresponds to the radial support stiffness for two opposite supports
acting together. The beam representing the fuel assemblies is pinned to the barrel at the
locations of the upper and lower core plates.

The response spectrum method has been used in the calculation. After computing the
transverse natural frequency and obtaining the normal modes of the complete structure, the
maximum response is obtained from the superposition of the usual mode response with the
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14.3.4

conservative assumptions that all the modes are in phase and that all the peaks occur
simultaneously.

Conclusions - Mechanical Analysis

The results of the analysis applicable to the Kewaunee design are presented in Table 14.3-3a
and Table 14.3-3b. These tables summarize the maximum deflections and stresses for
blowdown, seismic, and blowdown plus seismic loadings.

The stresses due to the DBE (vertical and horizontal components) were combined in the most
unfavorable manner with the blowdown stresses in order to obtain the largest principal stress
and deflection.

These results indicate that the maximum deflections and stress in the critical structures are
below the established allowable limits. For the transverse excitation, it is shown that the
upper barrel does not buckle during a hot leg break and that it has an allowable stress
distribution during a cold leg break. Section 5.9, under Primary Piping, discusses the
restraints which were added to restrain the reactions of jet forces in the primary loop piping
caused by pipe rupture, to limit the LOCA loads.

Even though control rod insertion is not required for plant shutdown, this analysis shows that
most of the guide tubes will deform within the limits established experimentally to assure
control rod insertion with the exceptions shown in Table 14.3-3a. It can be seen in the
Table that 31 of the 33 guide tubes are below the NLF limit. For those guide tubes deflected
above the NLF limit, it must be assumed that the rods will not drop. However, the
conclusion reached is that the core will shutdown in an orderly fashion due to the formation
of voids, and this orderly shutdown will be aided by the great majority of rods that do drop.

CONTAINMENT INTEGRITY EVALUATION

14.3.4.1 Long Term LOCA Mass and Energy Releases

The uncontrolled release of pressurized high-temperature reactor coolant, termed a loss-of-
coolant accident (LOCA), will result in release of steam and water into the
containment. This, in turn, will result in increases in the local subcompartment pressures,
and an increase in the global containment pressure and temperature. Therefore, there are
both long- and short-term issues reviewed relative to a postulated LOCA that must be
considered at the conditions for the Kewaunee Nuclear Power Plant (KNPP) with Model
54F steam generators.

The long-term LOCA mass and energy releases are analyzed to approximately 10 seconds
and are utilized as input to the containment integrity analysis. This demonstrates the
acceptability of the containment safeguards systems to mitigate the consequences of a
hypothetical large-break LOCA. The containment safeguards systems must be capable of
limiting the peak containment pressure to less than the design pressure. For this program,
Westinghouse generated the mass and energy releases using the March 1979 model,
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described in Reference 1. The Nuclear Regulatory Commission (NRC) review and
approval letter is included with Reference 1. The following sections discuss the long-term
LOCA mass and energy releases. The results of this analysis were provided for use in the
containment integrity analysis.

Input Parameters and Assumptions

The mass and energy release analysis is sensitive to the assumed characteristics of various
plant systems, in addition to other key modeling assumptions. ~"Where appropriate,
bounding inputs are utilized and instrumentation uncertainties are included. For example,
the RCS operating temperatures are chosen to bound the highest average coolant
temperature range of all operating cases and a temperature uncertainty allowance of
(+4.0°F) is then added. Nominal parameters are used in certain instances. For example,
the RCS pressure in this analysis is based on a nominal value of 2250 psia plus an
uncertainty allowance (+30 psi). All input parameters are chosen consistent with accepted
analysis methodology.

Some of the most critical items are the RCS initial conditions, core decay heat, safety
injection flow, and primary and secondary metal mass and steam generator heat release
modeling. Specific assumptions concerning each of these items are discussed in the
following paragraphs. Tables 14.3.4-1 through 14.3.4-3 present key data assumed in the
analysis.

The core rated power of 1683 MWt adjusted for calorimetric error (i.e., 102% of 1650
MWt) was used in the analysis. As previously noted, the use of RCS operating
temperatures to bound the highest average coolant temperature range were used as
bounding analysis conditions. The use of higher temperatures is conservative because the
initial fluid energy is based on coolant temperatures that are at the maximum levels attained
in steady-state operation. Additionally, an allowance to account for instrument error and
deadband is reflected in the initial RCS temperatures. The selection of 2250 psia as the
limiting pressure is considered to affect the blowdown phase results only, since this
represents the initial pressure of the RCS. The RCS rapidly depressurizes from this value
until the point at which it equilibrates with containment pressure.

The rate at which the RCS blows down is initially more severe at the higher RCS
pressure. Additionally the RCS has a higher fluid density at the higher pressure (assuming
a constant temperature) and subsequently has a higher RCS mass available for
releases. Thus, 2250 psia plus uncertainty was selected for the initial pressure as the
limiting case for the long-term mass and energy release calculations.

The selection of the fuel design features for the long-term mass and energy release
calculation is based on the need to conservatively maximize the energy stored in the fuel at
the beginning of the postulated accident (i.e., to maximize the core stored energy). The
core stored energy that was selected to bound the Siemens Power Corporation (SPC) fuel
product that is currently in Kewaunee was 6.4 full power seconds (FPS), which is
equivalent to the value for standard Westinghouse 14 x 14 fuel at beginning-of-life (BOL)
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conditions. The margins in the core stored energy include +15% in order to address the
thermal fuel model and associated manufacturing uncertainties and the time in the fuel
cycle for maximum fuel densification. Thus, the analysis very conservatively accounts for
the stored energy in the core.

Margin in RCS volume of 3% (which is composed of 1.6% allowance for thermal
expansion and 1.4% allowance for uncertainty) was modeled.

A uniform steam generator tube plugging level of 0% was modeled. This assumption
maximizes the reactor coolant volume and fluid release by virtue of consideration of the
RCS fluid in all steam generator tubes. During the post-blowdown period, the steam
generators are active heat sources since significant energy remains in the secondary metal
and secondary mass that has the potential to be transferred to the primary side. The 0%
tube plugging assumption maximizes the heat transfer area and, therefore, the transfer of
secondary heat across the steam generator tubes. Additionally, this assumption reduces the
reactor coolant loop resistance, which reduces the AP upstream of the break for the pump
suction breaks and increases break flow. Thus, the analysis conservatively accounts for the
level of steam generator tube plugging.

The secondary-to-primary heat transfer is maximized by assuming conservative heat
transfer coefficients. This conservative energy transfer is ensured by maximizing the initial
internal energy of the inventory in the steam generator secondary side. This internal
energy is based on full-power operation plus uncertainties.

Regarding safety injection flow, the mass and energy release calculation considered
configurations/failures to conservatively bound respective alignments. The cases
include: (a) a minimum safeguards case (1 high-head safety injection (HHSI) and 1 low-
head safety injection (LHSI) pumps) (see Table 14.3.4-2); and (b) a maximum safeguards
case, (2 HHSI and 2 LHSI pumps) (see Table 14.3.4-3). In addition, the containment
backpressure is assumed to be equal to the containment design pressure. This assumption
was shown in Reference 1 to be conservative for the generation of mass and energy
releases.

In summary, the following assumptions were employed to ensure that the mass and energy
releases are conservatively calculated, thereby maximizing energy release to containment:

1.  Maximum expected operating temperature of the RCS (100% full-power conditions)
2.  Allowance for RCS temperature uncertainty (+4.0°F)

3. Margin in RCS volume of 3% (which is composed of 1.6% allowance for thermal
expansion, and 1.4% allowance for uncertainty)

4. Core rated power of 1650 MWt

5. Allowance for calorimetric error (+2% of power)
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6. Conservative heat transfer coefficients (i.c., stcam generator primary/secondary heat
transfer, and RCS metal heat transfer)

7.  Allowance in core stored energy for effect of fuel densification

8. A margin in core stored energy (+15% to account for manufacturing tolerances)
9.  Anallowance for RCS initial pressure uncertainty (+30 psi)

10. A maximum containment backpressure equal to design pressure (46.0 psig)

11. Steam generator tube plugging leveling (0% uniform)
e Maximizes reactor coolant volume and fluid release
e Maximizes heat transfer area across the steam generator tubes
e Reduces coolant loop resistance, which reduces the AP upstream of the break for
the pump suction breaks and increases break flow

Thus, based on the previously discussed conditions and assumptions, an analysis of
Kewaunee was made for the release of mass and energy from the RCS in the event of a
LOCA at 1683 MWt.

Description of Analyses

The evaluation model used for the long-term LOCA mass and energy release calculations
is the March 1979 model described in Reference 1.

This report section presents the long-term LOCA mass and energy releases generated in
support of the Kewaunee SGR Program. These mass and energy releases are then
subsequently used in the containment integrity analysis.

- The mass and energy release rates described form the basis of further computations to
evaluate the containment following the postulated accident. Discussed in this section are
the long-term LOCA mass and energy releases for the hypothetical double-ended pump
suction (DEPS) rupture with minimum safeguards and maximum safeguards and double-
ended hot leg (DEHL) rupture break cases. The mass and energy releases for these three
cases are shown in Tables 14.3.4-4 through 14.3.4-18. These three LOCA cases are used
for the long-term containment integrity analyses in Section 14.3.4.2.

LOCA Mass and Energy Release Phases
The containment system receives mass and energy releases following a postulated rupture

in the RCS. These releases continue over a time period, which, for the LOCA mass and
energy analysis, is typically divided into four phases.
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1. Blowdown — the period of time from accident initiation (when the reactor is at steady-
state operation) to the time that the RCS and containment reach an equilibrium state.

2. Refill — the period of time when the lower plenum is being filled by accumulator and
emergency core cooling system (ECCS) water. At the end of blowdown, a large
amount of water remains in the cold legs, downcomer, and lower plenum. To
conservatively consider the refill period for the purpose of containment mass and
energy releases, it is assumed that this water is instantaneously transferred to the lower
plenum along with sufficient accumulator water to completely fill the lower
plenum. This allows an uninterrupted release of mass and energy to
containment. Thus, the refill period is conscrvatively neglected in the mass and energy
release calculation.

3. Reflood — begins when the water from the lower plenum enters the core and ends when
the core is completely quenched.

4. Post-reflood (Froth) — describes the period following the reflood phase. For the pump
suction break, a two-phase mixture exits the core, passes through the hot legs, and is
superheated in the steam generators prior to exiting the break as steam. After the
broken loop steam generator cools, the break flow becomes two phase.

Computer Codes

The Reference 1 mass and energy release evaluation model is comprised of mass and
energy release versions of the following codes: SATAN VI, WREFLOOD, FROTH, and
EPITOME. These codes were used to calculate the long-term LOCA mass and energy
releases for Kewaunee.

SATAN VI calculates blowdown, the first portion of the thermal-hydraulic transient
following break initiation, including pressure, enthalpy, density, mass and energy flow
rates, and energy transfer between primary and secondary systems as a function of time.

The WREFLOOD code addresses the portion of thc LOCA transient where the core
reflooding phase occurs after the primary coolant system has depressurized (blowdown)
due to the loss of water through the break and when water supplied by the ECCS refills the
reactor vessel and provides cooling to the core. The most important feature of
WREFLOOD is the steam/water mixing model.

FROTH models the post-reflood portion of the transient. The FROTH code is used for the
steam generator heat addition calculation from the broken and intact loop steam generators.

EPITOME continues the FROTH post-reflood portion of the transient from the time at
which the secondary equilibrates to containment design pressure to the end of the
transient. It also compiles a summary of data on the entire transient, including formal
instantaneous mass and energy release tables and mass and encrgy balance tables with data
at critical times.
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Break Size and Location

Generic studies have been performed with respect to the effect of postulated break size on
the LOCA mass and energy releases. The double-ended guillotine break has been found to
be limiting due to larger mass flow rates during the blowdown phase of the
transient. During the reflood and froth phases, the break size has little effect on the
releases.

Three distinct locations in the RCS loop can be postulated for a pipe rupture for mass and
energy release purposes:

o Hot leg (between vessel and steam generator)
e Cold leg (between pump and vessel)
e Pump suction (between steam generator and pump)

The break locations analyzed for this program are the DEPS rupture (10.46 ft?) and the
DEHL rupture (9.154 ftz). Break mass and energy releases have been calculated for the
blowdown, reflood, and post-reflood phases of the LOCA for the DEPS cases. For the
DEHL case, the releases were calculated only for the blowdown. The following
information provides a discussion on each break location.

The DEHL rupture has been shown in previous studies to result in the highest blowdown
mass and energy release rates. Although the core flooding rate would be the highest for
this break location, the amount of energy released from the steam generator secondary is
- minimal because the majority of the fluid that exits the core vents directly to containment
bypassing the steam generators. As a result, the reflood mass and energy releases are
reduced significantly as compared to either the pump suction or cold leg break locations
where the core exit mixture must pass through the stcam generators before venting through
the break. For the hot leg break, generic studies have confirmed that there is no reflood
peak (i.e., from the end of the blowdown period the containment pressure would
continually decrease). Therefore, only the mass and energy releases for the hot leg break
blowdown phase are calculated and presented in this section of the report.

The cold leg break location has also been found in previous studies to be much less limiting
in terms of the overall containment energy releases. The cold leg blowdown is faster than
that of the pump suction break, and more mass is released into the containment. However,
the core heat transfer is greatly reduced, and this results in a considerably lower energy
release into containment, Studies have determined that the blowdown transient for the cold
leg is, in general, less limiting than that for the pump suction break. During reflood, the
flooding rate is greatly reduced and the energy release rate into the containment is
reduced. Therefore, the cold leg break is bounded by other breaks and no further
evaluation is necessary.

The pump suction break combines the effects of the relatively high core flooding rate, as in
the hot leg break, and the addition of the stored energy in the steam generators. As a result,
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the pump suction break yields the highest energy flow rates during the post-blowdown
period by including all of the available energy of the RCS in calculating the releases to
containment. Thus, only the DEHL and DEPS cases are used to analyze long-term LOCA
containment integrity.

Application of Single-Failure Criterion

An analysis of the effects of the single-failure criterion has been performed on the mass
and energy release rates for each break analyzed. An inherent assumption in the generation
of the mass and energy release is that offsite power is lost. This results in the actuation of
the emergency diesel generators, required to power the safety injection system. This is not
an issue for the blowdown period, which is limited by the DEHL break.

Two cases have been analyzed to assess the effects of a single failure. The first case
assumes minimum safeguards safety injection (SI) flow based on the postulated single
failure of an emergency diesel generator. This results in the loss of one train of safeguards
equipment. The other case assumes maximum safeguards SI flow based on no postulated
failures that would impact the amount of ECCS flow. The analysis of the cases described
provides confidence that the effect of credible single failures is bounded.

Acceptance Criteria for Analyses

A large break loss-of-coolant accident is classified as an American Nuclear Society (ANS)
Condition IV event, an infrequent fault. To satisfy the NRC acceptance criteria presented
in the Standard Review Plan, Section 6.2.1.3, the relevant requirements are the following:

e 10 CFR 50, Appendix A
10 CFR 50, Appendix K, paragraph LA

To meet these requirements, the following must be addressed:

e Sources of energy
¢ Break size and location
¢ Calculation of each phase of the accident

Blowdown Mass and Energy Release Data

The SATAN-VI code is used for computing the blowdown transient. The code utilizes the
control volume (element) approach with the capability for modeling a large variety of
thermal fluid system configurations. The fluid properties are considered uniform and
thermodynamic equilibrium is assumed in each element. A point kinetics model is used
with weighted feedback effects. The major feedback effects include moderator density,
moderator temperature, and Doppler broadening. A critical flow calculation for subcooled
(modified Zaloudek), two-phase (Moody), or superheated break flow is incorporated into
the analysis. The methodology for the use of this model is described in Reference 1.
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Table 14.3.4-4 presents the calculated mass and energy release for the blowdown phase of
the DEHL break for Kewaunee. For the hot leg break mass and energy release tables,
break path 1 refers to the mass and energy exiting from the reactor vessel side of the break;
break path 2 refers to the mass and energy exiting from the steam generator side of the
break.

Table 14.3.4-7 presents the calculated mass and energy releases for the blowdown phase of
the DEPS break. For the pump suction breaks, break path 1 in the mass and energy release
tables refers to the mass and energy exiting from the steam generator side of the
break. Break path 2 refers to the mass and energy exiting from the pump side of the break.

Reflood Mass and Energy Release Data

The WREFLOOD code is used for computing the reflood transient. The WREFLOOD
code consists of two basic hydraulic models — one for the contents of the reactor vessel
and one for the coolant loops. The two modcls are coupled through the interchange of the
boundary conditions applied at the vessel outlet nozzles and at the top of the
downcomer. Additional transient phenomena such as pumped safety injection and
accumulators, reactor coolant pump performance, and steam generator release are included
as auxiliary equations that interact with the basic models as required. The WREFLOOD
code permits the capability to calculate variations during the core reflooding transient of
basic parameters such as core flooding rate, core and downcomer water levels, fluid
thermodynamic conditions (pressure, enthalpy, density) throughout the primary system,
and mass flow rates through the primary system. The code permits hydraulic modeling of
the two flow paths available for discharging steam and entrained water from the core to the
break, i.e., the path through the broken loop and the path through the unbroken loops.

A complete thermal equilibrium mixing condition for the steam and ECCS injection water
during the reflood phase has been assumed for each loop receiving ECCS water. This is
consistent with the usage and application of the Reference 1 mass and energy release
evaluation model in recent analyses, e.g., D. C. Cook Docket (Reference 3). Even though
the Reference 1 model credits steam/water mixing only in the intact loop and not in the
broken loop, the justification, applicability, and NRC approval for using the mixing model
in the broken loop has been documented (Reference 3). Moreover, this assumption is
supported by test data and is further discussed below.

The model assumes a complete mixing condition (i.c., thermal equilibrium) for the
steam/water interaction. The complete mixing process, however, is made up of two distinct
physical processes. The first is a two-phase interaction with condensation of steam by cold
ECCS water. The second is a single-phase mixing of condensate and ECCS water. Since
the steam release is the most important influence to the containment pressure transient, the
steam condensation part of the mixing process is the only part that need be
considered. (Any spillage directly heats only the sump.)

The most applicable steam/water mixing test data have been reviewed for validation of the
containment integrity reflood steam/water mixing model. This data was generated in
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1/3-scale tests (Reference 4), which are the largest scale data available and thus most
clearly simulates the flow regimes and gravitational effects that would occur in a
pressurized water reactor (PWR). These tests were designed specifically to study the
steam/water interaction for PWR reflood conditions.

A group of 1/3-scale tests corresponds directly to containment integrity reflood conditions.
The injection flow rates for this group cover all phases and mixing conditions calculated
during the reflood transient. The data from these tests were reviewed and discussed in
detail in Reference 1. For all of these tests, the data clearly indicate the occurrence of very
effective mixing with rapid steam condensation. The mixing model used in the
containment integrity reflood calculation is, thereforc, wholly supported by the 1/3-scale
steam/water mixing data.

Additionally, the following justification is also noted. The post-blowdown limiting break
for the containment integrity peak pressure analysis is the pump suction double-ended
rupture break. For this break, there are two flow paths available in the RCS by which mass
and energy may be released to containment. One is through the outlet of the steam
generator, the other via reverse flow through the reactor coolant pump. Steam that is not
condensed by ECCS injection in the intact RCS loops passes around the downcomer and
through the broken loop cold leg and pump in venting to containment. This steam also
encounters ECCS injection water as it passes through the broken loop cold leg, complete
mixing occurs and a portion of it is condensed. It is this portion of steam that is condensed
that is taken credit for in this analysis. This assumption is justified based upon the
postulated break location, and the actual physical presence of the ECCS injection
nozzle. A description of the test and test results are contained in References 1 and 3.

Tables 14.3.4-8 and 14.3.4-13 present the calculated mass and energy releases for the
rcflood phase of the pump suction double-ended rupture, minimum safeguards, and
maximum safeguards cases, respectively.

The transient response of the principal parameters during reflood are given in
Tables 14.3.4-9 and 14.3.4-14 for the DEPS cases.

Post-Reflood Mass and Energy Release Data

The FROTH code (Reference 2) is used for computing the post-reflood transient. The
FROTH code calculates the heat release rates resulting from a two-phase mixture present in
the steam generator tubes. The mass and energy releases that occur during this phase are
typically superheated due to the depressurization and equilibration of the broken loop and
intact loop steam generators. During this phase of the transient, the RCS has equilibrated
with the containment pressure. However, the stcam generators contain a secondary
inventory at an enthalpy that is much higher than the primary side. Therefore, there is a
significant amount of reverse heat transfer that occurs. Steam is produced in the core due
to core decay heat. For a pump suction break, a two-phase fluid exits the core, flows
through the hot legs, and becomes superheated as it passes through the steam
generator. Once the broken loop cools, the break flow becomes two phase. During the
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FROTH calculation, ECCS injection is addressed for both the injection phase and the
recirculation phase. The FROTH code calculation stops when the secondary side
equilibrates to the saturation temperature (Tg,) at the containment design pressure, after
this point the EPITOME code completes the steam generator depressurization.

The methodology for the use of this model is described in Reference 1. The mass and
energy release rates are calculated by FROTH and EPITOME until the time of containment
depressurization. After containment depressurization (14.7 psia), the mass and energy
release available to containment is generated directly from core boil-off/decay heat.

Tables 14.3.4-10 and 14.3.4-15 present the two-phasc post-reflood mass and energy release
data for the pump suction double-ended break cases.

Decay Heat Model

On November 2, 1978, the Nuclear Power Plant Standards Committee (NUPPSCO) of the
ANS approved ANS Standard 5.1 (Reference 5) for the determination of decay heat. This
standard was used in the mass and energy release model for Kewaunee. Table 14.3.4-18
lists the decay heat curve used in the Kewaunee steam generator replacement mass and
energy release analysis.

Significant assumptions in the generation of the decay heat curve for use in the LOCA
mass and energy releases analysis include the following:

1. The decay heat sources considered are fission product decay and heavy element decay
of U-239 and Np-239.

2. The decay heat power from fissioning isotopes other than U-235 is assumed to be
identical to that of U-235.

3. The fission rate is constant over the operating history of maximum power level.

4. The factor accounting for neutron capturc in fission products has been taken from
Reference 5.

5. The fuel has been assumed to be at full power for 10® seconds.

6. The total recoverable energy associated with one fission has been assumed to be
200 MeV/fission.

7. Two sigma uncertainty (two times the standard deviation) has been applied to the
fission product decay.

Based upon NRC staff review, (Safety Evaluation Report [SER] of the March 1979
evaluation model [Reference 1]), use of the ANS Standard-5.1, November 1979 decay heat
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model was approved for the calculation of mass and energy releases to the containment
following a LOCA.

Steam Generator Equilibration and Depressurization

Steam generator equilibration and depressurization is the process by which secondary-side
energy is removed from the steam generators in stages. The FROTH computer code
calculates the heat removal from the secondary mass until the secondary temperature is the
saturation temperature (Tsx) at the containment design pressure. After the FROTH
calculations, the EPITOME code continues the FROTH calculation for steam generator
cooldown removing steam generator secondary encrgy at different rates (i.e., first- and
second-stage rates). The first-stage rate is applied until the steam generator reaches T, at
the user specified intermediate equilibration pressure, when the secondary pressure is
assumed to reach the actual containment pressure. Then the second-stage rate is used until
the final depressurization, when the secondary reaches the reference temperature of Ty at
14.7 psia, or 212°F. The heat removal of the broken loop and intact loop stcam generators
are calculated separately.

During the FROTH calculations, steam generator heat removal rates are calculated using
the secondary-side temperature, primary-side temperature and a secondary-side heat
transfer coefficient determined using a modified McAdam’s correlation, Steam generator
energy is removed during the FROTH transient until the secondary-side temperature
reaches saturation temperature at the containment design pressure. The constant heat
removal rate used during the first heat removal stage is based on the final heat removal rate
calculated by FROTH. The steam generator energy available to be released during the first
stage interval is determined by calculating the difference in secondary energy available at
the containment design pressure and that at the (lower) user-specified intermediate
equilibration pressure, assuming saturated conditions. This energy is then divided by the
first-stage energy removal rate, resulting in an intermediate equilibration time. At this
time, the rate of energy release drops substantially to the second-stage rate. The second-
stage rate is determined as the fraction of the difference in secondary energy available
between the intermediate equilibration and final depressurization at 212°F, and the time
difference from the time of the intermediate equilibration to the user-specified time of the
final depressurization at 212°F. With current methodology, all of the secondary energy
remaining after the intermediate equilibration is conservatively assumed to be released by
imposing a mandatory cooldown and subsequent depressurization down to atmospheric
pressure at 3600 seconds, i.c., 14.7 psia and 212°F (the mass and energy balance tables
have this point labeled as “Available Energy”).

Sources of Mass and Energy
The sources of mass considered in the LOCA mass and energy release analysis are given in

Tables 14.3.4-5, 14.3.4-11, and 14.3.4-16. These sources are the RCS, accumulators, and
pumped safety injection.
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14.3.4.2

The energy inventories considered in the LOCA mass and energy release analysis are given
in Tables 14.3.4-6, 14.3.4-12, and 14.3.4-17. The cnergy sources arc the following:

Reactor coolant system water

Accumulator water (both inject)

Pumped safety injection water

Decay heat

Core-stored energy

Reactor coolant system metal (includes steam gencrator tubes)

Steam generator metal (includes transition cone, shell, wrapper, and other internals)
Steam generator secondary energy (includes fluid mass and steam mass)

Secondary transfer of energy (feedwater into and steam out of the steam generator
secondary)

The analysis used the following energy reference points:

e Available energy: 212°F; 14.7 psia [energy available that could be released]
e Total energy content:  32°F; 14.7 psia [total internal energy of the RCS]

The mass and energy inventories are presented at the following times, as appropriate:

Time zero (initial conditions)

End of blowdown time

End of refill time

End of reflood time

Time of broken loop steam generator equilibration to pressure setpoint
Time of intact loop steam generator equilibration to pressure setpoint
Time of full depressurization (3600 seconds)

In the mass and energy release data presented, no Zirc-water reaction heat was considered
because the cladding temperature does not rise high enough for the rate of the Zirc-water
reaction heat to proceed.

Long-Term LOCA Containment Response (COCO) Analysis
Accident Description

The Kewaunee Nuclear Power Plant (KNPP) containment system is designed so that for all
loss-of-coolant accident (LOCA) break sizes, up to and including the double-ended
severance of a reactor coolant pipe, the containment peak pressure remains below the
design pressure. This section details the containment response subsequent to a hypothetical
LOCA. The containment response analysis uses the long-term mass and energy release
data from Section 14.3.4.1.
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The containment response analysis demonstrates the acceptability of the containment
safeguards systems to mitigate the consequences of a LOCA inside containment. The
impact of LOCA mass and energy releases on the containment pressure is addressed to
ensure that the containment pressure remains below its design pressure at the licensed core
power conditions. In support of equipment design and licensing criteria (e.g., qualified
operating life), with respect to post-accident environmental conditions, long-term
containment pressure and temperature transients are gencrated to conservatively bound the
potential post-LOCA containment conditions.

Input Parameters and Assumptions

An analysis of containment response to the rupture of the reactor coolant system (RCS)
must start with knowledge of the initial conditions in the containment. The pressure,
temperature, and humidity of the containment atmosphere prior to the postulated accident
are specified in the analysis and are shown in Table 14.3.4-19,

Also, values for the initial temperature of the service water (SW) and refueling water
storage tank (RWST) are assumed, along with containment spray (CS) pump flow rate and
containment fan coil unit (CFCU) heat removal performance. All of these values are
chosen conservatively, as shown in Table 14.3.4-19. Long-term sump recirculation is
addressed via residual heat removal system (RHR) heat exchanger (HX) performance. The
primary function of the RHR system is to remove heat from the core by way of low-head
safety injection. Table 14.3.4-19 provides the RHR system parameters assumed in the
analysis.

A series of analyses, using different break sizes and locations, was performed for the
LOCA containment response. Section 14.3.4.1 documented the mass and energy releases
for the minimum and maximum safeguards cases for a double-ended pump suction (DEPS)
break and the releases from the blowdown of a double-end hot leg (DEHL) break.

For the maximum safeguards DEPS case, a failure of a containment spray pump was
assumed as the single failure. This leaves one containment spray pump and four CFCUs
available as active heat removal systems. Table 14.3.4-20 provides the performance data
for one spray pump in operation. (Note: For the maximum safeguards case, a limiting
assumption was made concerning the modeling of the recirculation system, i.e., heat
exchangers. Minimum safeguards data werc conservatively used to model the RHR HXs,
i.c., one RHR HX was credited for residual heat removal. Emergency safeguards
equipment data are given in Table 14.3.4-19.)

The minimum safeguards case was based upon a diesel train failure. This leaves one
containment spray pump and two CFCUs available as active heat removal systems. Due to
the duration of the DEHL transient (i.e., blowdown only), no containment safeguards
equipment is modeled. '

The calculations for all of the DEPS cases were performed for 1 million seconds
(approximately 11.6 days). The DEHL cases were terminated soon after the end of the
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blowdown. The sequence of events for each of these cases is shown in Tables 14.3.4-21
through 14.3.4-23,

The following are the major assumptions made in the analysis:

1. The mass and energy released to the containment are described in Section 14.3.4.1 for
LOCA.

2. Homogeneous mixing is assumed. The steam-air mixture and the water phases each
have uniform properties. More specifically, thermal equilibrium between the air and
the steam is assumed. However, this does not imply thermal equilibrium between the
steam-air mixture and the water phase.

3. Airis taken as an ideal gas, while compressed water and steam tables are employed for
water and steam thermodynamic properties.

4. For the blowdown portion of the LOCA analysis, the discharge flow separates into
steam and water phases at the breakpoint. The saturated water phase is at the total
containment pressure, while the steam phase is at the partial pressure of the steam in
the containment. For the post-blowdown portion of the LOCA analysis, steam and
water releases are input separately.

5. The saturation temperature at the partial pressure of the steam is used for heat transfer
to the heat sinks and the fan coolers.

Description of COCO Model

Calculation of containment pressure and temperature is accomplished by use of the digital
computer code COCO (Reference 6). COCO is a mathematical model of a generalized
containment. The proper selection of various options in the code allows the creation of a
specific model for particular containment design. The values used in the specific model for
different aspects of the containment are derived from plant-specific input data. The COCO
code has been used and found acceptable to calculate containment pressure transients for
many dry containment plants, most recently including Vogtle Units 1 and 2, Turkey Point
Units 3 and 4, Salem Units 1 and 2, Diablo Canyon Units 1 and 2, Indian Point Unit 2, and
Indian Point 3. Transient phenomena within the RCS affect containment conditions by
means of convective mass and energy transport through the pipe break.

For analytical rigor and convenience, the containment air-steam-water mixture is separated
into a water (pool) phase and a steam-air phase. Sufficient relationships to describe the
transient are provided by the equations of conservation of mass and energy as applicd to
each system, together with appropriate boundary conditions. As thermodynamic equations
of state and conditions may vary during the transient, the equations have been derived for
all possible cases of superheated or saturated steam and subcooled or saturated
water. Switching between states is handled automatically by the code.
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Passive Heat Removal

The significant heat removal source during the early portion of the transient is the
containment structural heat sinks. Provision is made in the containment pressure response
analysis for heat transfer through, and heat storage in, both interior and exterior
walls. Every wall is divided into a large number of nodes. For each node, a conservation
of energy equation expressed in finite-difference form accounts for heat conduction into
and out of the node and temperature rise of the node. Table 14.3.4-24 is the summary of
the containment structural heat sinks used in the analysis. The thermal properties of each
heat sink material are shown in Table 14.3.4-25.

The heat transfer coefficient to the containment structure for the early part of the event is
calculated based primarily on the work of Tagami (Reference 7). From this work, it was
determined that the value of the heat transfer coefficient can be assumed to increase
parabolically to a peak value. In COCO, the value then decreases exponentially to a
stagnant heat transfer coefficient which is a function of steam-to-air-weight ratio.

The h for stagnant conditions is based upon Tagami’s steady-state results.
Tagami presents a plot of the maximum value of the heat transfer coefficient, h, as function

of “coolant energy transfer speed,” defined as follows:
he total coolant energy transferred into containment

(containment volume) (time interval to peak pressure)

From this, the maximum heat transfer coefficient of steel is calculated:

0.60
b =75 £ (Equation 1)

1,V
where:
hmax= maximum value of h (Btwhr fi? °F).
t,=  time from start of accident to end of blowdown for LOCA and steam line isolation

for secondary breaks (sec).

V= containment net free volume (ft*).
E= total coolant energy discharge from time zero to t,(Btu).

75 = material coefficient for steel.

(Note: Paint is accounted for by the thermal conductivity of the material (paint) on the heat
sink structure, not by an adjustment on the heat transfer coefficient.)

The basis for the equations is a Westinghouse curve fit to the Tagami data.

The parabolic increase of the heat transfer coefficient to the peak value is calculated by
COCO according to the following equation:
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(Equation 2)
where:

hy=heat transfer coefficient between steel and air/steam mixture (Btu/hr fi* °F).
t= time from start of event (sec).

For concrete, the heat transfer coefficient is taken as 40 percent of the value calculated for
steel during the blowdown phase.

The exponential decrease of the heat transfer coefficient to the stagnant heat transfer
coefficient is given by:

h,=h,, + (hm - h,,ag)e—o'os("") 1>1, (Equation 3)
where:
hgag= 2+50X,0<X<14.
hgtag = h for stagnant conditions (Btwhr fi® °F).
X = steam-to-air weight ratio in containment.

Active Heat Removal

For a large break, the engineered safety features are quickly brought into
operation. Because of the brief period of time required to depressurize the RCS or the main
steam system, the containment safeguards are not a major influence on the blowdown peak
pressure. However, they reduce the containment pressure after the blowdown and maintain
a low, long-term pressure and a low, long-term temperature.

Refueling Water Storage Tank, Injection

During the injection phase of post-accident operation, the low-head safety injection pumps
water from the RWST tank into the reactor vessel. Since this water enters the vessel at
refueling water storage tank temperature, which is less than the temperature of the water in
the vessel, it is modeled as absorbing heat from the core until the saturation temperature is
reached. Safety injection and containment spray can be operated for a limited time,
depending on the RWST capacity.

Residual Heat Removal, Sump Recirculation

After the supply of refueling water is exhausted, the recirculation system is operated to
provide long-term cooling of the core. In this operation, water is drawn from the sump,
cooled in an RHR exchanger, then pumped back into the reactor vessel to remove core
residual heat and energy stored in the vessel metal. The heat is removed from the RHR HX
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by the component cooling water (CCW). The RHR HXs and CCW HXs are coupled in a
closed-loop system, where the ultimate heat sink is the service water cooling to the CCW
HX.

Containment Spray

Containment spray is an active removal mechanism that is used for rapid pressure reduction
and for containment iodine removal. During the injection phase of operation, the CS
pumps draw water from the RWST and spray it into the containment through nozzles
mounted high above the operating deck. As the spray droplets fall, they absorb heat from
the containment atmosphere. Since the water comes from the RWST, the entire heat
capacity of the spray from the RWST temperature to the temperature of the containment
atmosphere is available for energy absorption. During the recirculation phase, credit is
taken for the sprays.

When a spray droplet enters the hot, saturated, steam-air containment environment, the
vapor pressure of the water at its surface is much less than the partial pressure of the steam
in the atmosphere. Hence, there will be diffusion of steam to the drop surface and
condensation on the droplet. This mass flow will carry energy to the
droplet. Simultaneously, the temperature difference between the atmosphere and the
droplet will cause the droplet temperature and vapor pressure to rise. The vapor pressure of
the droplet will eventually become equal to the partial pressure of the steam, and the
condensation will cease. The temperature of the droplet will essentially equal the
temperature of the steam-air mixture.

The equations describing the temperature rise of a falling droplet are as follows.

%(Mu) =mh, +q (Equation 4 — Heat transfer)

where,
M = droplet mass
u = internal energy
m = diffusion rate
hy = steam enthalpy
q = heat flow rate
t = time

d .

Z(M )=m (Equation 5 — Mass transfer)
where,
q = hA* (T;-T)
m = kA * (Ps-Pv)
A = area
h = coefficient of heat transfer
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coefficient of mass transfer

T = droplet temperature
Ts = steam temperature

P, = steam partial pressure
P, = droplet vapor pressure

The cocfficients of heat transfer (he) and mass transfer (kg) are calculated from the Nusselt
number for heat transfer, Nu, and the Nusselt number for mass transfer, Nu’. Both Nu and
Nu’ may be calculated from the equations of Ranz and Marshall (Reference 8).

Nu=2+ 0.6(R<:)”2 (pr)"” (Equation 6)
where,
Nu = Nusselt number for heat transfer
Pr = Prandt]l number
Re = Reynolds number
Nu'=2+0.6(Re)"” (Sc)” (Equation 7)
where,
Nu® = Nusselt number for mass transfer
Sc = Schmidt number

Thus, Equations 4 and 5 can be integrated numerically to find the internal energy and mass
of the droplet as a function of time as it falls through the atmosphere. Analysis shows that
the temperature of the (mass) mean droplet produced by the spray nozzles rises to a value
within 99% of the bulk containment temperature in less than 2 seconds. Detailed
calculations of the heatup of spray droplets in post-accident containment atmospheres by
Parsly (Reference 9) show that droplets of all sizes encountered in the containment spray
reach equilibrium in a fraction of their residence time in a typical pressurized water reactor
containment. These results confirm the assumption that the containment spray will be
100% effective in removing heat from the atmosphere.

Containment Fan Coil Unit

The CFCUs are another means of heat removal. Each CFCU has a fan that draws in the -

containment atmosphere from the volume adjacent to the CFCU. Since the CFCUs do not
use water from the RWST, the mode of operation remains the same both before and after
the low-head safety injection change to the recirculation mode. The steam/air mixture is
routed through the enclosed CFCU unit, past essential service water cooling coils. The fan
then discharges the air through ducting containing a check damper. The discharged air is
directed out emergency discharge dampers immediately adjacent to the CFCU. See
Table 14.3.4-26 for CFCUs heat removal capability assumed for the containment response
analyses.

USAR - Rev. 18
14.3-44 11/01/2003



Acceptance Criteria

The containment response for design-basis containment integrity is an American Nuclear
Society (ANS) Condition IV event, an infrequent fault. The relevant requirements to
satisfy Nuclear Regulatory Commission (NRC) acceptance criteria are as follows.

A. GDC 10 and GDC 49: To satisfy the requirements of GDC 10 and 49, the peak
calculated containment pressure should be less than the containment design pressure
of 46 psig

B. GDC 52: To satisfy the requirements of GDC 52, the calculated pressure at 24 hours
should be less than 50% of the peak calculated value. (This is related to the criteria
for doses at 24 hours.)

Analysis Results

The containment pressure, steam temperature and water (sump) temperature profiles from
each of the LOCA cases are shown in Figures 14.3.4-1 and 14.3.4-6. Figures 14.3.4-1 and
14.3.4-2 show the DEHL break transient and Figures 14.3.4-3 through 14.3.4-8 show the
minimum safeguards and maximum safeguards DEPS break cases. Table 14.3.4-27
summarizes the LOCA containment response results for the three cases studied.

Double-Ended Hot Leg Break

This analysis assumes a loss of offsite power coincident with a double-ended rupture of the
RCS piping between the reactor vessel outlet nozzle and the steam generator inlet (i.e., a
break in the RCS hot leg). The associated single-failure assumption is the failure of a
diesel to start, resulting in one train of low-head safety injection and containment
safeguards equipment being available. This combination results in a minimum set of
safeguards being available. Further, loss of offsite power delays the actuation times of the
safeguards equipment due to the required diesel startup time after receipt of the safety
injection signal.

The postulated RCS break results in a rapid release of mass and energy to the containment
with a resulting rapid rise in both the containment pressure and temperature. This rapid
rise in containment pressure results in the generation of a containment high signal at 0.27
seconds and a containment high-high signal at 3.0 seconds. The containment pressure
continues to rise rapidly in response to the release of mass and energy until the end of
blowdown at 19.0 seconds, with the pressure reaching a value of 44.5 psig at 18.2
seconds. The end of blowdown marks a time when the initial inventory in the RCS has
been exhausted and a process of filling the RCS downcomer in preparation for reflood has
begun. Since the reflood for a hot leg break is very fast due to the low resistance to steam
venting posed by the broken hot leg, Westinghouse terminates hot leg break mass and
energy release transients at end of blowdown. The basis for this is discussed in
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Section 14.3.4.1. Figures 14.3.4-1 and 14.3.4-2 show the pressure and steam temperature
transients.

Double-Ended Pump Suction Break with Minimum Safeguards

This analysis assumes a loss of offsite power coincidence with a double-ended rupture of
the RCS piping between the steam generator outlet and the RCS pump inlet (suction). The
associated single-failure assumption is the failure of a diesel to start, resulting in one train
of safety injection pumps and containment safeguards equipment being available. This
combination results in a minimum set of safeguards being available. Further, loss of offsite
power delays the actuation times of the safeguards equipment due to the required diesel
startup time after receipt of the safety injection signal.

The postulated RCS break results in a rapid release of mass and energy to the containment
with a resulting rapid rise in both the containment pressure and temperature. This rapid
rise in containment pressure results in the gencration of a containment high signal at
0.28 seconds and a containment high-high signal at 2.7 seconds. The containment pressure
continues to rise rapidly in response to the release of mass and energy until nearly the end
of the blowdown phase. The end of blowdown phase at 14 seconds marks a time when the
initial inventory in the RCS has been exhausted and a slow process of filling the RCS
downcomer in preparation for reflood has begun. The accumulators, which began injecting
at approximately 7 seconds, continue to inject until approximately 38 seconds when the
nitrogen cover gas begins to be released to the containment. This increases the
containment pressure to its overall peak of 43.0 psig during the early portion of the reflood
phase at 58.8 seconds. Since the mass and energy release during the reflood period is low
and the containment fan coil units and containment sprays initiate, the containment
pressure decreases throughout the remainder of the reflood phase. At this juncture, by
design of the model described in Section 6.3, encrgy removal from the steam gencrator
secondaries begins at a very high rate. This results in a rise in containment pressure while
the energy is being removed from the faulted loop steam generator, bringing the faulted
loop steam pgenerator secondary pressure into equilibrium with the containment
pressure. The result of this steam generator secondary energy releasc is a containment
pressure of approximately 39.5 psig at 900 scconds. After this event, the mass and energy
released is reduced due to so much energy removal from the steam generators having been
accomplished and the containment pressure slowly falls out to the time when the injection
sprays are terminated at 3802 seconds. The containment pressure is relatively stable until
the recirculation begins at 3992 seconds when it again begins to decrease.

At this time, the low-head safety injection is realigned for recirculation resulting in an
increase in the safety injection temperature due to delivery from the hot sump. The
containment pressure continues to decrease duc to lower decay heat, steam generator
energy release, and continued CFCU cooling. This trend continues to the end of the
transient at 1.0E+06 seconds. Figures 14.3.4-3, 14.3.4-4, and 14.3.4-5 show the pressure,
steam temperature, and sump temperature transients. Table 14.3.4-3 shows the detailed
sequence of events.
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Double-Ended Pump Suction Break with Maximum Safeguards

The DEPS break with maximum safeguards has a transient history very similar to the
minimum safeguards case. Table 14.3.4-4 provides the key sequence of events and
Table 14.3.4-9 shows that a peak pressure of 42.5 psig at 58.6 seconds was calculated.

Conclusions

The LOCA containment response analyses have been performed as part of the SGR
Program for Kewaunee. The analyses included long-term pressure and temperature
profiles for each case. As illustrated above, all cases resulted in a peak containment
pressure that was less than 46 psig. In addition, all long-term cases were well below 50

percent of the peak value within 24 hours. Based on the results, all applicable criteria for

Kewaunee have been met.

14.3.5 OFF-SITE DOSE CONSEQUENCES

Introduction

The NRC has established guidelines in 10CFR 50.67 for radiation doses resulting from
accidental releases of radioactivity from a reactor plant. This section shows the capability of
the Kewaunee Nuclear Power Plant to stay within the dose criteria set forth in 10 CFR 50.67
following the design basis accident with conservative assumptions including assumed
conditions of release consistent with those of NRC Regulatory Guide 1.183.

The Kewaunee Nuclear Power Plant Containment System is described in detail in
Section 5. One feature of particular importance to the environmental consequences of a loss-
of-coolant accident is the presence of two barriers, in series, to fission product leakage: the
Reactor Containment Vessel and the Shield Building.

Reactor Containment Vessel leakage is collected within an annular volume between these
barriers before release; the annulus is, therefore, effective as a means of holding leakage for
decay and providing additional dilution prior to release. Release from the Shield Building to
the environment is through absolute and charcoal filters provided in the Shield Building
Ventilation (SBV) system. For reference in the evaluation of environmental consequences, a
schematic diagram of this system is shown in Figure 14.3-35.

Shield Building Ventilation System fans establishes a negative pressure with respect to the
atmosphere in the annulus within six minutes after the accident. The amount of filtered
annulus air released to the environment is just sufficient to maintain the negative annulus
pressure and compensate for in-leakage. The balance of the filtered annulus air is
recirculated to the Shield Building to provide for further decay and filtration.

A limited amount of containment leakage could potentially bypass the Shield Building
annulus through certain lines that terminate in the Auxiliary Building. This leakage will be
collected and processed by the Auxiliary Building Special Ventilation System. An even
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smaller amount of containment leakage may bypass both the Shield Building and the
Auxiliary Building and go directly to the environment. Both of these pathways have been
evaluated.

Cause of Activity Release

The postulated cause of radioactivity release to the environment analyzed in this section is an
extremely improbable double-ended rupture of a 29-inch inside diameter pipe in the reactor
coolant loop. Following the assumptions of NRC Regulatory Guide 1.183, it is assumed that
the Design Basis Accident will release to the Reactor Containment Vessel the following
portions of the corc activity:

100% of the noble gases (Xe, Kr) (5%in the gap and 95% in the fucl)
40%o0f the iodines (5% in the gap and 35% in the fuel)

30% of the alkali metals (Cs, Rb) (5% in the gap and 25% in the fuel)
5% of the tellurium metals (Te, Sb)

2% of the barium and strontium

0.25% of the noble metals (Ru, Rh, Mo, T¢)

0.05% of the cerium group (Ce, Pu, Np)

0.02% of the lanthanides (La, Zr, Nd, Nb, Pr, Y, Cm, Am)

* & S & 4 > s

The release of activity to containment occurs over a 1.8-hour interval. The gap activity is
released in the first 30 minutes, and the fraction of the core activity that is relcased does so
over the next 1.3 hours. A gap fraction of 5% is assumed for iodines, noble gases, and alkali
metals. Gap activity of the other nuclides is not considered. With the exception of the
iodincs and noble gases, all activity released to containment is modeled as particulates. The
iodine in containment is modeled as 4.85% elemental, 0.15% organic, and 95% particulate.
A homogeneous mixture of this activity within the containment atmosphere is assumed to
occur instantaneously. Because of the multiple redundancy in engineered safety features,
such a release is considered incredible.

Sequence of Events Following a LOCA

As discussed previously, the Shield Building Ventilation System is designed to provide three
functions during the course of the loss-of-coolant accident:

+ Provide a negative pressure region to control and limit environmental leakage;
+ Enhance mixing and dilution of any Containment Vessel leakage to the annulus;
+ Provide holdup and long-term filtration of annulus air.

Immediately following the accident, the Shield Building pressure increases due to heat
transferred from the containment shell. Operation of one of the Shield Building Ventilation
System’s two redundant fans establishes a negative pressure within ten minutes. During this
period no credit is taken for the filtered exhaust of air by the Shield Building Ventilation
System. Instead it is assumed that the Shield Building does not exist. From 0 to 10 minutes,
90% of the containment leakage is assumed to be released directly to the atmosphere without
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holdup or filtering. The remaining 10% goes to the Auxiliary Building Special Ventilation
Zone where it is filtered before release to the atmosphere.

At 10 minutes into the accident, the Shield Building Ventilation System is assumed to be
fully effective in controlling leakage into the Shield Building. It is assumed that from 10
minutes on, 89% of the containment leakage is processed by the Shield Building Ventilation
System. Of the remaining 11%, 10% is assumed to go to the Auxiliary Building Special
Ventilation Zone where it is subject to processing by the Auxiliary Building Special
Ventilation System and 1% is assumed to be released directly to the atmosphere. These
leakage assumptions are regarded as conservative upper limits as stated in the Technical
Specifications for Kewaunee. A filter efficiency of 90% is applied to the removal of
elemental and organic iodine and a filter efficiency of 99% is applied to the removal of
particulates.

Figure 14.3-36 shows results of a shield building ventilation performance test. Also shown is
a curve enveloping all data points with a considerable margin. This envelope is the basis for
the conservative exhaust rates used in calculating offsite doses following a LOCA.

As described in Section 5, the shield building ventilation fans take a filtered suction from the
annulus and their discharge is apportioned between atmospheric discharge and annulus
recirculation flow. The atmospheric discharge (or SBV exhaust flow as shown in
Figure 14.3-36) is dependent on the amount of annulus in leakage at the vacuum setpoint
chosen for the Shield Building Ventilation System Control. The SBV exhaust flow will
reach 2700 cfm at 20 minutes post-LOCA. Using the envelope in Figure 14.3-36, this
exhaust flow will maintain a negative 1" wc (water column) in the annulus. It is recognized
that exhaust flow rates must be higher early in the accident due to annulus heating. This is
shown in Figure 14.3-37A. To simplify the analysis a constant cxhaust rate of 6000£10%
cfm has been used from 10 to 30 minutes and 3100 cfm from 30 minutes to 30 days. This
simplification can be made due to the size of the envelope in Figures 14.3-36 and 14.3-37A.

The Containment Vessel Internal Spray System is described in Section 6.4. The primary
purpose of the spray system is to spray cool water into the containment atmosphere in the
event of a LOCA and thereby ensuring that containment pressure does not exceed its design
value. However, the spray system also has the property of removing iodine and particulates
from the containment vessel atmosphere. The iodine removal coefficients due to
containment spray are given in Table 14.3-8. During spray opcration, no credit is taken for
sedimentation removal of particulates, although it would take place. Recirculation sprays are
not credited. Credit is taken for sedimentation removal of particulates after spray
termination. The analysis credits a sedimentation coefficient of 0.1h™. Table 14.3-8 also
provides a summary of the other parameters used in the analysis, which was documented in
Reference 1.

Method of Analysis

The evaluation of the environmental consequences of a loss-of coolant accident consists of
determining the radiation dose resulting from inhalation of radioiodine discharged from the
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Shield Building and of determining the dose due to direct gamma radiation from the
radioactive cloud created by the discharge of Containment Vessel leakage from the Shield
Building.

The evaluation of the environmental consequences of a loss-of-coolant is based on the
assumptions of NRC Regulatory Guides 1.183. The analysis model describing the activity
release is shown in Figure 14.3-35. This figure illustrates the basic assumptions of the
analysis. A portion of the Containment Vessel activity inventory is assumed to leak into the
Shield Building and form the Shield Building activity inventory. Activity leaves the Shield
Building by passing through the charcoal filters. Of the activity passing through the filters, a
portion is released via the shield building vent and the rest is recirculated back into the Shield
Building. The Shield Building activity is also a function of the assumed annular participation
fraction. This fraction is a measure of the mixing efficiency in the annulus.

When ECCS rccirculation is cstablished following the LOCA, leakage is assumed to occur
from ECCS equipment outside containment. There are two pathways considered for the
ECCS recirculation leakage. One is the leakage directly into the auxiliary building and the
other is back-leakage into the RWST. Although recirculation is not initiated until the RWST
has drained to the pre-determined setpoint level the analysis conservatively considers leakage
from the start of the event. For the ECCS leakage analysis, all iodine activity relcased from
the fuel is assumed to be in the sump solution until removed by radioactive decay or leakage
from the ECCS. The iodine activity that becomes airborne after being released by the
leakage is modeled as 97% elemental and 3% organic.

The analysis models leakage to the auxiliary building of 12 gallon/hr. The analysis models a
conscrvative airborne fraction of 10% when the sump temperature is above 212°F. Once the’
sump solution temperature drops below 212°F, the airborne fraction is reduced to 1%. The
reduction in airbornc fraction is conscrvatively delayed until 3 hours from the start of the
cvent,

RHR back-leakage to the RWST is assumed at a rate of 3 gpm for the first 24 hours, and 1.5
gpm for the remainder of the event. It is assumed that 1% of the iodine contained in the leak
flow becomes airborne. The 1% value is applicd cven when the sump is above 212°F since
any incoming water would be cooled by the water remaining in the RWST. The RWST
vents to the auxiliary building.

It is assumed that half the iodine activity that becomes airborne in the auxiliary building from
the two leak sources is removed by plateout on surfaces. Releases from the auxiliary
building are subject to filtration by the auxiliary building special ventilation system.

The analysis is documented in Rcfcrcncc 1. Dose results are listed in Table 14.3-9.
Reference 1 also demonstrates that the 30 day dose to control room operators is within the
limit specified in 10 CFR 50.67.
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Conservatism Between Analysis and Physical Situation

Many conservative assumptions have been made in the application of the NRC Regulatory
Guide 1.183 to the Kewaunee Plant. Elimination of this conservatism would be expected to |
reduce the calculated dose by orders of magnitude. In order to place the above analysis in
perspective, major assumptions applied in the analysis which affect the calculated dose are
reviewed below:

1) In accordance with NRC Regulatory Guide 1.183, a release of activity from melted fuel
to the containment atmosphere was assumed. As shown in Section 14.3.2, the Safety
Injection System will prevent fuel rod clad melting and will limit the zirconium-water
reaction to an insignificant amount. However, as a result of the cladding temperature
increase and the rapid system depressurization following the accident, cladding failures
may occur in the hotter regions of the core. These failures would release only the
inventory of volatile fission products in the gap between the fuel pellet and the cladding.

2) No reduction of activity has been assumed by plateout in the Shield Building. |

3) Recirculation filtration has been assumed to take place with only one of two redundant
systems operable. Since the combined flow capability of the two recirculating fans will
be double that used in the analysis, a significant reduction of iodine and particulate |
activity in the Shield Building would result.

14.3.6 DELETED
14.3.7 DELETED
14.3.8 CHARCOAL FILTER IGNITION HAZARD DUE TO I0ODINE ABSORPTION

The radioactive iodine, which collects on the charcoal filters generates a significant amount
of decay heat. A detailed analysis was made of the potential for spontaneous ignition of the
charcoal during post-LOCA operation of the Shicld Building Ventilation (SBV) system. To
maximize the charcoal filter temperature, it was assumed that forced air-cooling is lost at the
time of maximum heat load.

Using the assumptions of NRC Safety Guide 4, i.c., 50% halogen release from the fuel and
50% plateout in the Reactor Containment Vessel, the iodine released and the heat generated |
from that iodine are estimated to be:

Isotope Curies ( 107) Decay Heat (kW)
I-131 1.21 41.55
1-132 1.718 262.7
1-133 2.26 143.7
I-134 2.575 450.3
I-135 2.0 292.7
USAR - Rev. 18
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The maximum amount of heat that can be generated on the filters is limited by the rate at
which the iodine leaks out of the Reactor Containment Vessel onto the filters, and by the
decay of the isotopes that are collected on the filter.

In the analysis performed, the following conservative assumptions are made:

1) It is assumed that no holdup takes place in the Shicld Building, i.e., all of the activity
released via Containment Vessel leakage goes directly on the filters.

2) No credit is taken for plateout in the Shield Building.

3) All of the activity is assumed to collect on one train of the SBV filters with 100%
efficiency.

With those assumptions, the maximum rate of hecat gencrated on the charcoal filters was
predicted to occur at one day following the accident. At this time of maximum heat load, the
forced air cooling through the filter assembly is assumed to be lost. Assuming the charcoal
filter is at 190°F (based on calculated post-accident shicld building temperature) when forced
cooling is lost, results in a charcoal filter centerline temperature of 258°F, which is
significantly lower than the 626°F ignition temperature of the charcoal used. This
temperature is also below the 356°F at which iodine desorption is expected to begin.

This analysis is conservative by at least an order of magnitude for the following reasons:

1) The analysis was based upon a NRC Safety Guide 4 release.

2) The maximum allowable containment vessel leak rate is assumed to occur for the first
day following accident initiation. Peak containment pressure occurs only a few minutes
following accident initiation and decays quickly. This would result in a leak rate much
less than maximum allowable.

3) All plateout of iodine in the Shield Building was neglected.

4) All activity was assumed to collect on one of two filters.

5) All activity leakage from the Containment Vessel was assumed to collect, at 100% filter
efficiency, on the filter without holdup or decay in the Shield Building.

6) No heat dissipation from the filter housing to the surrounding room environment is
assumed.

A spray system is provided which is activated automatically upon occurrence of high
temperature adjacent to the charcoal. The analysis has shown that actuation of this system is
not expected to occur,
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14.3.9 GENERATION AND DISPOSITION OF HYDROGEN

General

The design basis loss-of-coolant accident and its off-site consequences are discussed earlier
in this section. It is recognized that a loss-of-coolant accident could be followed by the
possible generation of hydrogen from radiolysis of water, from chemical corrosion of
materials by spray liquids, and from possible metal-water reactions accompanying the
accident.

The equilibrium concentrations that could theoretically result have been calculated to exceed
the lower flammability limit of 4.1 volume percent hydrogen; therefore, it is necessary to
provide means of limiting the accumulation of hydrogen to an acceptable lower
concentration.

The simplest means of control is to purge, venting the mixture of air and hydrogen to the
environment, at a rate sufficient to maintain a hydrogen concentration that is below the lower
flammability limit.

The capability of venting is an essential part of any system of hydrogen control because the
eventual containment cleanup must be by controlled dispersal of containment gases to the
environment; hydrogen control and eventual containment purge by venting are inseparable
considerations of the same loss-of-coolant accident because any primary means of control
cannot be terminated until conditions permit venting to procced at a rate sufficient to
supplant it and prevent further rise in hydrogen concentration. Complete analysis must be
based on a reference condition of acceptable venting at which venting can later proceed at a
rate greater than that necessary to control hydrogen. This condition is conveniently defined
as the occurrence of 1 MPC at the site boundary (i.e., when the summation of the fractions of
the maximum permissible concentrations given in 10 CFR 20 equals unity).

Summary of Reanalysis Based on Safety Guide 7

Initial studies were based on conservative estimates of hydrogen sources provided by the
reactor supplier, and they included the assumptions of Safety Guide 4. These studies
“indicated that 3.5 v/o concentrations would be reached in 56 days, that venting could be
deferred until 86 days after the accident without the lower flammability limit being reached,
and that initiation of venting through a charcoal filter at a rate sufficient to arrest hydrogen
accumulation would then result in instantaneous site boundary concentrations no greater than
1 MPC. Thus, direct venting through charcoal was indicated to be sufficient means of
hydrogen control.

The present reanalysis uses a Containment Vessel leak rate of 1% per day. A conservative
filter efficiency of 90% for the Shield Building Ventilation System is used in the reanalysis,
but doses are also given for a filter efficiency of 95%.
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Also, additional considerations are now incorporated in the analysis, based on information
published subsequent to initial submittal of this USAR:

1) Safety Guide 7 now prescribes even more conservative assumptions regarding hydrogen
sources.

2) Test data indicate that, at least for higher initial post-accidcnt containment temperatures,
substantial amounts of hydrogen could be released from painted surfaces during the first
day following the accident.

Both the time at which hydrogen control must be initiated and the doses associated with
venting are extremely sensitive to the assumptions regarding hydrogen sources. The above
two effects, for example, would alone advance the calculated time of occurrence of 3.5%
hydrogen concentration -- from 56 days to 18 days and from 56 days to 41 days,
respectively. Together they result in occurrence of 3.5% concentration on the eleventh day.

The collective assumptions prescribed in Safety Guide 4 and Safety Guide 7 are regarded as
being unnecessarily conservative.  Also, for conservatism it is found necessary to
overestimate the potential contribution from protective coatings, which is the remaining
source, because the test data are for simulated post-accident conditions of temperature much
more severe than those predicted. The hydrogen generation and venting problem will
consequently be far less severe than determined from these assumptions.

A method of venting is proposed which is indicated to attain reasonable off-site doses, even
under these conditions of early venting requirements. In addition, means are provided to
defer venting, if necessary, by compressing the containment atmosphere, thus diluting the
hydrogen within the containment, and thereby reducing the potential dose from venting.

Methods of Control

Two modes of operation are being provided, any of which employed alone would provide
adequate means of hydrogen control.

1) Controlled vent flow and processing of this flow with recirculation filtering by the SBVS
before its release to the environment.

2) Deferment of venting, if necessary, by adding air to the containment to compress the
atmosphere, and thus, dilute its hydrogen concentration.

In addition to these two methods of hydrogen control, the capability to utilize an external
hydrogen recombiner, has been provided.

Venting to the Shicld Building Annulus

The Shicld Building Ventilation System affords the benefit of recycle through charcoal
filters. 'When venting must first be initiated, at least one-of-two redundant trains of
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equipment will already be in continuous operation, maintaining vacuum and collecting and
processing containment vessel leakage before its discharge to the environment. Any vent
flow necessary to maintain acceptable hydrogen concentrations within the containment will
be directed into the Shield Building annulus at a controlled rate, to be processed along with
the containment leakage which would represent part of the required vent flow.

The effect of recycle through the filters of the Shicld Building Ventilation System is to
reduce the iodine effluent concentration by an additional factor that is essentially equal to the
ratio of recirculation flow to discharge flow to the environment. This is the same factor that
has been applied to the standby ventilation system for a boiling water reactor plant
(Reference 1).

Analysis demonstrates that venting at greater than 1 MPC would be unnecessary on the basis
of reasonably conservative assumptions, which include the conservative allowance for
protective coatings. The need to vent at higher activity concentrations might be required
only for the extremely conservative basis of Safety Guide 7. If post-accident hydrogen
generation were in accordance with this most conservative estimate, the resulting doses from
the processed vent flow are indicated to be a small fraction of those of the accident
analysis. The time delay before initiation of venting and the conservative allowances made
in the initial phases of the accident analysis for direct filtered and unfiltered release of
containment leakage are not applicable during the equilibrium recycle operation which will
be established before venting is necessary.

Dilution by Containment Pressure Raise

Dilution of hydrogen concentration by modest increases in containment pressure is one of
several simpler methods of hydrogen control that were first proposed and investigated in
1970 for Wisconsin Public Service Corporation and other participants of the same study
program.

Partial pressurizing of the containment can defer the occurrence of limiting hydrogen
concentrations, and consequently defer the need to vent until appreciable decay of
containment activity has occurred. The objective is to defer venting until venting at an
acceptable dose level alone can arrest the further accumulation of hydrogen and permit
termination of the method used to defer venting. Such deferral of venting is the identical
objective of other methods, such as the use of recombiners.

Controlled venting with the accompanying replenishment of vented containment air requires
that a pressure differential exist at least intermittently across the containment shell. The
venting system can readily be designed for an operating differential in either direction, but
design for positive internal pressure during venting provides the option of deferred venting.

Analysis indicates that a rather small increase in pressure can significantly reduce the venting
doses associated with the most conservative estimates of hydrogen sources, and that the
method provides a practical means of utilizing the benefits of recirculation filtration provided
by the Shield Building Ventilation System.
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Hydrogen Recombination

In addition to the two methods of hydrogen control described above, the capability to use an
external hydrogen recombiner for recombination of hydrogen and oxygen into water vapor
has been provided. Permanent piping, valving, and power source connections are provided at
two separate locations for the connection and operation of an external hydrogen recombiner
within the Auxiliary Building. The two locations allow recombiner placement at
approximately opposite sides of Containment; in the unlikely situation that one of the two
areas will be unavailable or be required for continual personnel occupancy, the remaining
location will remain available for recombiner placement and operation.

Analysis of Materials of Construction and Protective Coatings

Analysis has been made of the materials of construction and the protective coatings used
within the containment, particularly as they affect the potential of hydrogen generation by
reaction with spray solution.

Description of Materials

The original specified coatings for structural steel items were 3 mils of Carbo-zinc 11 primer
plus a 4-mil finish coat of Phenoline 305. The same protective coatings were specified for
the inner surface of the steel containment vessel, plus an additional 4-mil finish coat between
clevations 606 feet and 660 feet. These coatings will be maintained by application of an
appropriate Service Level I protective coating or coating system, depending on the extent of
repair. Appropriate Service Level I coatings for use in containment are determined by KNPP
engineering specifications and procedures. Periodic inspections are performed to assess the
condition of protective coatings on the vessel and structural steel.

All concrete walls, floors, ceilings, and other surfaces within the containment were originally
protectively coated with sealer, surfacer, and/or finish coats of Carboline or
Phenoline. Neither of these coatings included Carbo-zinc. The coatings on concrete walls,
floors, ceilings, and other surfaces are also maintained by application of appropriate Service
Level I protective coatings. Periodic inspections are performed to assess the condition of
protective coatings on concrete surfaces.

The use of unqualified coatings in containment is minimized. Unqualified coatings were
used in containment on structural and architectural steel, piping, various equipment and
components, and other miscellaneous items. Analysis has shown that the current amount of
unqualified paint will not affect the operability of the emergency core cooling system and the
internal containment spray system following a loss of coolant accident. Components with
factory coatings, which are unqualified will not be stripped of the coating and
re-coated. This is in the interest of equipment reliability and nuclear safety.

Galvanized steel is used for ventilation ducts, gratings, stair treads, etc., and some aluminum
is used in components and protective coatings associated with the reactor equipment and the
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reactor building crane. The use of these materials has been minimized in design to the extent
practical.

The surface areas and amount of the materials are summarized in Table 14.3-10.

Other materials in contact with the spray solution, such as stainless steel and copper alloys,
are not significant with regard to corrosive gencration of hydrogen.

The effects of corrosion on component integrity are of possible concern only with regard to
potential chloride stress corrosion of stainless steel by the boric acid spray
solution. Sufficient caustic will be added with containment spray so that both the initial
spray and the recirculated sump solution will be at pH of 7 or higher. Means are provided to
monitor the chloride content of the recirculated sump water. Corrosion effects are not
otherwise of concern with regard to component integrity. For example, if the zinc-bearing
coating of galvanized ductwork were to be completely consumed by reaction with the spray,
there would be negligible further corrosion of the exposed steel.

Zinc-Bearing Surfaces

A zinc-bearing primer is used as an undercoat on original structural steel and on the inner
surface of the containment vessel.

The results of ORNL experiments indicate that substantial amounts of hydrogen can evolve
from such undercoats during the initial conditions of a loss-of-coolant accident. This effect
appears to be independent of the type of spray solution and of the amount and type of coating
over the primer. The outer coating is reported to typically appear unaffected after exposure
conditions even though measurable releases of hydrogen from the under-coatings were
produced.

The most relevant experiments (Reference 2) involved exposure of vendors’ test coupons to
spray solution under temperature conditions intended to simulate those of a loss-of-coolant
accident in a PWR: 5 minutes at 300°F, 105 minutes at 284°F, and the remainder of a day at
225°F. For a boric acid spray solution of 3000 ppm boron without additives, the most
applicable paint sample (3 mils of Carbo-zinc plus a 2 mil overcoat) yielded 2.3 cc of
hydrogen per cm? of surface or 0.075 scf/ft>. With 0.15N NaOH added to the solution, the
yield was 2.0 cc/cm? or 0.066 scf/ft2. The hydrogen release from these tests was typically
about 60% of that released in previous tests in which the exposure temperature was
maintained constant at 266°F for 24 hours.

The test conditions for both sets of tests were much more severe than those predicted for the
design basis accident, and substantially less hydrogen generation would therefore be
expected. It is conservatively assumed in the analysis that the first-day contribution from the
painted surface is given by half the product of the total area given-in Table 14.3-10 and the
relecase per unit area given by the higher temperature experiments intended to simulate
accident conditions.
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The factor of two is perhaps justified alone on the basis of the fraction of total zinc-bearing
surface that will be directly exposed to the spray solution, but even greater reduction factors
should result from the reduced temperatures relative to the experiment. The post-accident air
and steam temperatures are predicted to be only 265°F maximum during the first 5 minutes; a
decrease from 238°F initial temperature to 140°F during the next 105 minutes; and 140°F or
less thereafter.

An approximate indication of the effect of temperature is given by the relation of Arrhenius
for the case of constant activation energy: R(T)/R(To) = exp [a(T1-To)/TiT,]. Many
reactions double or triple in rate for a 10°C rise in temperature in accordance with this
relation (Reference 3). Its direct application to the typical relative yields of the ORNL tests
(those for the simulated accident conditions vs those for constant temperature exposure at
266°F for 24 hours) implies a doubling in rate for cvery 4°C rise.

To obtain indication of the reduced reaction that might be expected at the lower temperatures
predicted for the design basis accident, the same relation is applied identically to the time-
temperature sequence of the accident-simulation experiment and to the predicted first-day
post-accident temperature curve. With reaction rates near 300°F assumed to double for
temperature increments ranging from 4°C to 30°C, the resulting reduction factors in the first-
day reaction are indicated to vary from 109 to 4.2, respectively, relative to the accident
simulation tests.

These indications suggest that a reduction factor of 10 to 100 would be
appropriate. However, in the absence of lower temperature data or direct indication of
temperature sensitivity of the reaction rates, an overall reduction factor of only two is
conservatively assumed.

Aluminum Surfaces

Corrosion of aluminum surfaces would be negligible with an acidic borated spray being a
factor of a hundred or more less than with a basic spray solution (Reference 4).

For the case of buffered spray solution, reaction rates of aluminum are available as a function
of temperature (Reference 5). Application of this information to the temperature transient
predicted for the design basis accident indicates 1 mil reaction on the first day, plus a
continuing rate thereafter that is less than the 200 mils/year prescribed by Safety Guide 7.

Net Effect of Spray Additive

The total hydrogen production from protective coatings (see Table 14.3-11) has been
calculated with and without spray additive, and with first-day production from galvanized
coating treated identically as the paint, because of the absence of relevant information for the
case of no additive and because the-zinc content of most of the galvanized surface is similar
to that of the paint. Addition of spray additive justifies use of a lower conservative estimate
for painted surfaces and neglect of the first-day contribution from the galvanized surface.
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An added allowance is made for aluminum reaction with additive, based on full consumption
of the 110 pounds of aluminum paint on the first day and 200 mils/year consumption of the
remaining aluminum, assuming Y%-inch effective thickness and 20 scf hydrogen generation
per pound consumed.

From Table 14.3-11, it can be noted that the calculated total coating contribution at 10 days
would not increase with the use of additive. Also, the coating contribution is only a minor
part of total continuing production; therefore, the adjustment for additive is not
significant. Effectively, the extremely conservative allowance for zinc-bearing surfaces that
is necessitated by the absence of lower temperature data, and the appropriate adjustments in
this conservative estimate, obscure the net increase in hydrogen that should result from the
directly calculable effect of spray additive on aluminum.

Analysis of Methods of Hydrogen Control
Sources and Assumptions

Studies have been based primarily on the results of conservative hydrogen generation
calculations provided by the reactor supplier. The major assumptions for this “reasonably
conservative case” are summarized in Table 14.3-12, and compared with those for a “most
conservative case” which includes the assumptions of Safety Guide 7. Both cases described
in this table include the conservative allowance for first-day reaction of the zinc-bearing
surfaces described in the previous section.

The significant differences introduced by Safety Guide 7 are the increase in assumed
zirconium reaction, the higher value of G, and the greater core gamma absorption in the
coolant. These assumptions add a half percent more hydrogen concentration for zirconium
and increase the radiolytic sources by factors of 1.67 in the core and 1.6 in the coolant. The
overall effect is to alter entirely the urgency and magnitude of the hydrogen problem, as
shown by comparison of the first several lines of Table 14.3-13.

The source contributions and venting requirements for the most conservative case that based
on Safety Guide 7 arc shown in Figure 14.3-43.

Analysis of Venting Through Shield Building Annulus

The first case analyzed is that of controlled venting through the Shield Building Ventilation
System without pressurizing, and neglecting any effects of the positive pressure differential
that would be used to accomplish such venting. '

It is assumed that venting is initiated upon measured occurrence of 3.5 v/o concentration (as
shown in Figure 14.3-43), and continued at a diminishing rate which maintains that
concentration until the effects of decay and purge depletion result in instantaneous venting
concentrations of 1 MPC at the site boundary. The purge and vent rate is then increased with
further decay and purge depletion while maintaining 1 MPC off-site, causing containment
activity and hydrogen content to decrease monotonically until purging is complete.

’
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Calculations with regard to venting are based on the initial activity inventories described in
Appendix D, Table D.1-1 (consistent with Safety Guide 4) and on the dispersion factors and
breathing rate appropriate to the two-day to thirty-day period of the meteorological studies:

¥Q = 3.882E-6 sec/m? at the site boundary
= 4.473E-7 sec/m® at 4800 meters
B = 2.32E-4 m¥/sec

Venting is assumed to be through the Shield Building annulus with equilibrium recirculation
flow of 4000 cfim through filters which remove 90% of the iodine and all solid fission
products, and with constant discharge flow of 200 cfm. These conservatively chosen flow
conditions are consistent with the equilibrium phase of the calculations of shield building
activity discharge during the design basis accident.

The resulting venting doses are presented in Table 14.3-13.

The reasonably conservative case described in the Table 14.3-13 results in very low off-site
venting doses because it represents a rather trivial case of venting. For consistency in
comparison of the two cases, it has been assumed that venting is initiated upon occurrence of
3.5% hydrogen. However, the initial activity levels from venting at this time would be about
7 MPC at the site boundary and, by simply deferring venting and allowing the concentration
to rise further (to 4.07%), venting could later be initiated at a rate sufficient to arrest the
concentration at this higher value without exceeding 1 MPC at the site boundary.

Greater venting doses are indicated in Table 14.3-13 for the most conservative case, but these
represent a minor portion of the leakage doses associated with the maximum design
accident. They might be regarded as an added penalty from venting, except that occurrence
of the postulated accident leakage would have deferred and greatly reduced the consequence
of venting (or would have obviated the need to vent, for example, in the case of normal initial
leak rate of 1% per day).

Thus, the need to vent at off-site concentrations greater than tolerance in order to maintain
safe hydrogen concentrations can be predicted only on the basis of the most conservative
assumptions -- those of Safety Guide 7.

For purposes of evaluation of the venting doses, it may be noted that the recycle advantage
factor which is incorporated in all the thyroid doses in Table 14.3-13, and which affects the
occurrence of 1 MPC vent capability, reduces cffectively to nP/L, = .90 x 4000 cfm/200
cfm= 18, where P is the recycle flow, L, is the discharge flow, and n is the removal
efficiency of the charcoal. This advantage factor is independent of the partition factor or
effective volume fraction assumed for mixing in the annulus. The reduction factor would
instead be 45 at the expected conditions of 5000-cfm recirculation and 100-cfm discharge,
and the iodine doses would then be 40% of those indicated in Table 14.3-13. The thyroid
doses would be similarly affected by the removal of iodine by containment spray liquid,
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which effect, with additive, should further reduce the indicated thyroid doses by a large
factor.

Analysis of Effects of Pressure Increase

The lower limit of flammability for hydrogen in air is reported to be 4.1 volume percent at
atmospheric pressure, and this limit is reported to increase slightly with pressure, rather than
to decrease (Reference 6).

Thus, compression of a hydrogen-air mixture by addition of more air to a fixed volume
decreases the volume fraction of hydrogen and permits more hydrogen to be accumulated for
a given limiting volume fraction. The calculation assumes that once a limiting concentration
C, is reached (3.5%), as hydrogen production continues, the containment pressure P is raised
by injecting air at a rate sufficient to maintain C,, where a concentration C(t) would
otherwise result if dilution by pressure increase did not occur:

P()=147 Ccf’)

Doubling of the absolute pressure, for example, would permit hydrogen to be maintained at
3.5% until 7% would otherwise have accumulated.

A second effect is that, when purging and venting are initiated, the fractional vent-flow
necessary to maintain a given concentration at any time is less at pressure. The mass flow
required is independent of pressure, but the flow expressed in fraction of containment volume
is less by the ratio of absolute pressures, as is the fractional release rate of contained activity.

As well as deferring the need to vent, overpressure causes leakage to occur from the
containment to the annulus. The assumed leakage is based on 1% per day at the design

pressure of 42 psi:
L{)= .ouday,/ﬂ(i);;i

Out-leakage and vented gases are necessarily processed identically by the Shield Building
Ventilation System. They are consequently equivalent from the standpoint of radiation dose,
as well as with regard to their effectiveness in hydrogen control when they are replenished by
purge flow. Out-leakage, thus, simply represents a portion of the venting rate that is not
deferred when venting is otherwise deferred by pressure increase.

The effects of pressure increase on venting requirements and containment leakage are
described by Figures 14.3-44 and 14.3-45, and the resulting doses are presented in
Table 14.3-14.
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The upper curves of Figure 14.3-44 are for a limited pressure rise of 6.1 psig, sufficient to
maintain 3.5% hydrogen up to 30 days. Venting is then initiated at the same rate that
compressed air is being added, with pressure consequently remaining constant. This constant
pressure purge continues at a rate no more than necessary to maintain constant concentration,
until decay and diminishing vent rate cause the concentrations at the site boundary to reduce
to 1 MPC. Purging then proceeds at the rate which theoretically maintains 1 MPC and which
rapidly increases as a consequence of further decay and purge depletion.

Pressure relief could be initiated between 30 and 62 days in this case, by allowing the vent
rate to exceed the purging or replenishment rate necessary to maintain constant hydrogen, but
this would unnecessarily increase the venting dosc. Similarly, beyond 62 days, pressure
relief cannot fully proceed by unreplenished vent relief at the vent rate permitted by off-site
concentration limits. Continued existence of hydrogen sources requires instead that some
part of the permissible vent flow be replenished as a purging flow to prevent the limiting
concentration being exceeded during this period of final cleanup. The solid-line blowdown
curves in Figure 14.3-44 arc the lines of earliest pressure relief, which maintain both the
limiting hydrogen concentration and the limiting off-site radiation concentration during a
controlled blowdown plus purge. The time for complete cleanup is independent of pressure
or purging considerations; it is determined only by the venting rate and venting depletion of
the contained activity, which effect is also idealized in the figures for the case of earliest
cleanup.

The resulting doses are shown in Table 14.3-14 and compared with the previous case of no
deferment of venting. Deferment to 30 days is seen to gain a reduction of 10 in venting dose,
but the containment leakage dose resulting from the overpressure reduces this factor to 5
or 6.

The out-leakage rates are shown in Figure 14.3-45 and compared with the vent rates. The
dose from leakage is additive only up to the time when venting is initiated because the purge
rates are the total replenished out-flow required to maintain concentration, either by leakage
or venting.

Out-leakage should be less than that estimated on the basis of the design leakage, and it will
be assured to be less by surveillance testing of the containment. The effects of out leakage
are conservatively considered in the calculations but the compensating depletion, which it
would cause is neglected because the actual leakage that would occur is uncertain.

The effect of pressure on purge rate may be noted from Figure 14.3-45, where the top solid
curve is the fractional purge rate necessary to maintain concentration C, at atmospheric
pressure:

with Q(t) the uncompressed volumetric production rate of hydrogen at time t in the
containment air volume V that is used to define concentration.
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The dashed line describes the initial purge rate at time t that supplants a pressure increase that
was maintaining C,:

L(t)=i7ép—@x Q(t)N=—C—(—t—)—

o

where C(t) is the concentration that would occur at time t without dilution by pressure
increase. :

The solid curve for constant pressure purge initiated at thirty day is:

_QN _ 147 Q)N
H)=@0) " PE0) " C

(4

Thus, required purge rate is reduced with pressure increase directly in the ratio of absolute
pressures. Both solid curves in the figure correspond to the same mass flow of air and
hydrogen, but they differ with regard to fractional release rate of the contained volume, and
hence, with regard to fractional release rate of the contained activity.

The lower curves in Figure 14.3-44 correspond to sustained pressure rise until a 1 MPC
venting capability is attained, sufficient to control hydrogen. As shown in Table 14.3-14, the
dose is all from out-leakage and little is gained relative to initiating venting at thirty
days. However, the containment is tested initially at 46 psig, and thus, its design does not
preclude continuing the pressure rise as far as required.

An additional case has been considered wherein recycle credit for iodine is neglected, as
would be the case if all leakage and vent flow were somehow to be discharged directly to a
90% filter without recirculation.

The diagonal line in Figure 14.3-45 corresponding to a 1 MPC vent of leak rate would
effectively be displaced downward in this case by loss of the recirculation advantage factor
of 18.1 for iodine, and the 1 MPC venting intersection would be accordingly deferred in
time. It can also be seen from the figure that further pressure rise would cause the
containment leakage to exceed the vent rate necessary to control concentration, the
intersection occurring at 67 days and 12.8 psi for a 1% leak rate. At this point leakage alone
would control hydrogen, the air supply could be reduced to match the leakage and prevent
further rise.

A 1 MPC venting capability is deferred in this case to about 90 days, and the total leakage
dose is 18.1 rad to the thyroid and 0.107 R whole body radiation. The doses would be less
and the maximum useful pressure would be slightly greater for lower containment leak rates.

Thus, even without the recycle advantage at the Shield Building Ventilation System,
acceptable doses are indicated for the method of pressure control alone.
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Provisions for Mixing, Sampling and Venting of Containment Gases

The provisions for mixing, sampling and venting of containment gases are shown
schematically in Figure 14.3-46.

Mixing

Two containment dome vent fans are provided to circulate and mix gases within the
containment during the period following the postulated loss-of-coolant accident when
combustible gases could conceivably accumulate. Each fan draws a combined 8000-cfm
through two-of-four inlet ducts located in the dome area of the Containment Vessel. The
discharge from each fan is conveyed downward through separate ductwork and returned to
the containment volume near the operating floor.

These systems are completely independent and redundant to each other, and they satisfy the
requirements of Engineered Safety Features. The fans are started manually from the control
room, and surveillance testing of the capability of these systems to start and operate as
intended is performed during refueling outages.

Venting to Shield Building Annulus

Two vent valve systems are provided to accomplish venting of pressurized containment gases
to the Shield Building annulus. The two systems will each vent containment gases from the
ductwork associated with one of the containment dome vent fans and transfer them by means
of positive pressure differential through separate penetrations of the Containment
Vessel. Each penetration has remote-manually operated isolation valves that are normally
closed and that can be separately opened to permit venting, or sampling, through either
penetration. Each penetration exhausts gases through a remotely controlled throttle valve
directly into the Shield Building annulus where they will be processed and discharged by the
Shield Building Ventilation System.

Each penetration has a remote-indicating flow meter located in the annulus and upstream of
the throttle valve so as to indicate fractional containment volume vent rate, independent of
containment pressure.

The vent relief systems are located entirely within the annulus to preclude concern for
leakage. The systems and their power supplies meet the requirements for engineered
safeguards.

The vent system flow requirements are:

¢ that each throttle valve can accomplish the maximum vent rate necessary to control
hydrogen (~25 scfm) at a nominal driving pressure (~2 psi, or greater if necessary); and
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¢ that the combined capacity should not present a significant limitation with regard to time
requirements for the completion of containment purge when transfer is eventually made
to direct filtered discharge.

Analysis indicates that, for a design leak rate of 1% per day, the resulting out-leakage limits
the useful pressure increase to about 13 psi, and this, or an even lower pressure, can be set as
an operational limit. The vent system was tested in conjunction with the Shield Building
Ventilation System to establish acceptable limits, and limits were set by operating procedures
and, if necessary, can be set by means of fixed orifices downstream of the throttle valves.

Compression and replenishment of containment gases is through either of two penetrations
that span the annulus to admit fresh air through the instrument air system. These penetrations
will each initially be equipped with normally closed, remote manually opened isolation
valves, throttle valve, and connections for use of oil-free portable air compressors. Design
supply will be 100 scfm for each penetration at the maximum anticipated pressure.

Initial tests of the vent systems included startup, calibration of flow vs control position at
varying pressure following integrated leak rate tests, and establishment of limits with regard
to the Shield Building Ventilation System.

Provisions for Sampling

Monitoring of the containment hydrogen concentration is accomplished by two Comsip
Model K-111 hydrogen analyzers. As stated in reference 7, the analyzers fulfill the
requirements of Item ILF.1.6 of NUREG-0737. The hydrogen monitors have indication in
the control room and a range of 0% to 10% by volume under positive or negative
containment pressure. The monitors are normally kept in standby mode, but indication is
available on demand. The system is operated from its remote control panel located outside
the high radiation sampling room. A hydrogen sample is drawn from the post-LOCA
hydrogen control system sample ports in containment. These ports are located near the
discharge of the containment dome fans, which permits rapid detection of hydrogen escaping
from the reactor. The fans draw suction from the upper areas of containment, which prevents
the formation of a stratified atmosphere. The fans are powered from safeguard buses and are
designed to operate in a post-LOCA environment (sec NRC SER in reference 7).

14.3.10 STEAM GENERATOR TUBE PLUGGING

Steam generator tube plugs may be periodically installed to remove tubes from service based
on reported degradation. When installed, the plugs become the primary pressure boundary
for the subject tube. Plugs are installed at both ends of the tube, effectively isolating tube
wall defects (corrosion, etc.). Tube plugging levels up to and including 10% of the total
tubes have been analyzed.

A number of plug types and designs have been qualified for use in the KNPP steam
generators. Plug types include expanded mechanical plugs, rolled plugs and welded
plugs. Plug integrity is ensured by the qualification of the design and installation process
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through laboratory testing and observed field performance. Analytical verification of plug
integrity used design and operating transient paramecters selected to bound those loads
imposed during normal and postulated accident conditions. Fatigue and stress analysis of
steam generator tube plugs were performed in accordance with the ASME B&PV Code
Section III.

14.3.11 STEAM GENERATOR TUBE SLEEVING

DELETED
14.3.12 STEAM GENERATOR TUBE FATIGUE ANALYSIS

The NRC issued Bulletin 88-02 which required several actions to be implemented in order to
minimize the potential for a steam generator tube rupture event caused by a rapidly
propagating fatigue crack. This Bulletin is not applicable to the KNPP replacement steam
generators due to material/manufacturing process upgrades.

14.3.13 VOLTAGE BASED REPAIR CRITERIA FOR STEAM GENERATOR TUBES.
DELETED

14.3.14 F* AND ELEVATED F* ALTERNATE REPAIR CRITERIA FOR STEAM
GENERATOR TUBES

DELETED
14.3.15 STEAM GENERATOR TUBE REMOVAL

Portions of steam generator tubes may be removed periodically for laboratory analysis to
determine degradation morphology, extent, and cause. Upon removal, the affected tube
portions remaining inside the steam generator are plugged on both ends to maintain the
integrity of the pressure boundary. Analyses have been performed which justify tube
plugging up to a level of 10% of the total tubes in the generator. The plugs installed to
restore pressure boundary integrity are qualified to the requirements of ASME B&PV Code
Section II1.
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TABLE 5.2-1
ALLOWABLE STRESS CRITERIA - REACTOR CONTAINMENT VESSEL
Material: ASTM AS516 Grade-70

Loading Conditions Limits of Stress Intensity’

1. Dead loads plus operating loads plus DBA | ASME Boiler and Pressure Vessel Code,
loads plus Operational Basis Earthquake Section 111, Figure N-414
Loads (0.06 g)

2. Dead loads plus operating loads plus DBA | Safe shutdown of plant can be achieved
loads plus Design Basis Earthquake Loads | (a) Pm< 1.16 S
(0.12g) (b) PL+Pp<1.16 (1.5 Spw)

(¢) PL+PptQ<3.0Sn

3. Dead loads plus operating loads plus pipe | See Section 5.2-1, Pipe Reaction and Rupture
rupture forces (faulted condition) plus Forces, and Tables B.7-2 and B.7-5, Appendix B
(operational basis or Design Basis
Earthquake Loads)

Pm - Primary general membrane stress intensity
P - Primary local membrane stress intensity
Py - Primary bending stress intensity

Q - Secondary stress intensity

Sm - Allowable stress intensity value

' Refer to Table N-414, ASME Boiler and Pressure Vessel Code, Section III

Rev. 16
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TABLE 8.2-2
MAJOR SAFEGUARD BATTERY LOADS FOLLOWING LOSS OF OFF-SITE POWER
(All Loads in Amperes)
Load Description Continuous Load Transient 1
Hot Shutdown Min. Load
BATTERY A Dist. Cab BRA-102 At-Power Following Following Loss
Loss of all AC of all AC
Dist. Cab. BRB-102 Alt. Feed 0 0 0
Dist. Cab. BRA-104
Inverter BRA-111 Instrument Bus I 0 53 45
Inverter BRA-112 Instrument Bus IV 0 35 29
Balance of BRA-104 16 15 250
Total BRA-104 16 103 324
TOTAL BATTERY A 16 104 324
Max @ 8 hr. | Max @ 1 min.
Battery Rating 163 A 1234 A
Load Description Continuous Load Transient 1
Hot Shutdown Min. Load
BATTERY B Dist. Cab BRB-102 At-Power Following Following Loss
Loss of all AC of all AC
Dist. Cab. BRA-102 Alt. Feed . 0 0 0
Dist. Cab. BRB-104
Inverter BRB-111 Instrument Bus II 0 49 41
Inverter BRB-112 Instrument Bus 111 0 44 37
Balance of BRB-104 10 12 126
Total BRB-104 10 105 204
TOTAL BATTERY B 10 106 204
Max@8hr. | Max @ 1 min.
Battery Rating 163 A 1234 A
Rev. 16
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FOREWORD

Public officials are charged with the responsibility to protect the health of
the public during hazardous incidents. The purpose of this manual is to assist
these officials-in establishing emergency response plans and in making decisions
during a nuclear incident. It provides radiological protection guidance that may
be used for responding to any type of nuclear incident or radiological emergency,
except nuclear war.

Under regulations governing radiological emergency planning and
preparedness issued by the Federal Emergency Management Agency (47 FR
10758, March 11, 1982), the Environmental Protection Agency’s responsibilities
include, among others, (1) establishing Protective Action Guides (PAGs), (2)
preparing guidance on implementing PAGs, including recommendations on
protective actions, (3) developing and promulgating guidance to State and local
governments on the preparation of emergency response plans, and (4) developing,
implementing, and presenting training programs for State and local officials on
PAGs and protective actions, radiation dose assessment, and decision making.
This document is intended to respond to the first two responsibilities.

The manual begins with a general discussion of Protective Action Guides
(PAGs) and their use in planning for protective actions to safeguard public health.
It then presents PAGs for specific exposure pathways and associated time periods.
These PAGs apply to all types of nuclear incidents. This is followed by guidance
for the implementation of PAGs. Finally, appendices provide definitions, .
background information on health risks, and other information supporting the
choice of the numerical values of the PAGs.

PAGs for protection from an airborne plume during the early phase of an
incident at a nuclear power plant were published in the 1980 edition of this
manual. These have now been revised to apply to a much broader range of
situations and replace the PAGs formerly published in Chapters 2 and 5.
Recommendations and background information for protection from ingestion of
contaminated food were published by the Food and Drug Administration in 1982.
These are reprinted here as Chapter 3 and Appendix D. Recommendations for
PAGs for relocation are presented in Chapters 4 and 7. Additional radiation
protection guidance for recovery will be developed at a later date. We are
continuing work to develop PAGs for dnnkmg water and, in cooperahon with
FDA, revised PAGs for food. When experience has been gamed in the application
of these PAGs, they will be reexamined and refined as necessary, proposed for
review, and then recommended to the President as Federal radiation protection
guidance.

i



This manual is being re-published to consolidate existing recommendations
in a single volume. As revised and additional recommendations are developed,
they will be issued as revisions to this manual. These revised PAGs are
appropriate for incorporation into emergency response plans when they are revised
or when new plans are developed. However, it is important to recognize that
regulatory requirements for emergency response are not provided by this manual;
they are established by the cognizant agency (e.g., the Nuclear Regulatory
Commission in the case of commercial nuclear reactors, or the Department of
Energy in the case of their contractor-operated nuclear facilities).

Users of this manual are encouraged to provide comments and suggestions
for improving its contents. Comments should be sent to Allan C. B. Richardson,
Criteria and Standards Division (ANR-460), Office of Radiation Programs, U.S.
Environmental Protection Agency, Washington, DC 20460.

T. Oge
Director, Office of
Radiation Programs

Washington, D.C.
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CHAPTER 1-

Overview

1.0 Introduction R

Public officials, in discharging their
responsibility to protect the health of
the public during hazardous situations,
will usually be faced with decisions
that must be made in a short period of
time. A number of factors influencing
the choice of protective actions will
exist, so that the decisions may be
complex. - Further, all of the
information needed to make the
optimum choice will usually not be
immediately available. In such situ-
ations, it will therefore be helpful if the
complexity of the information upon
which needed decisions are based can
be reduced by careful planning during
the formulation of emergency response
plans.

The U.S. Environmental Protection
Agency has developed this manual to
assist public officials in planning for
emergency response to nuclear
incidents.- In the context of this
manual, a nuclear incident is defined
as an event or a series of events, either
deliberate or accidental, leading to the
release, or potential release, into the
environment of radioactive materialsin
sufficient quantity to warrant
consideration of protective actions.
(The term "incident” includes accidents,
in the context of this manual) A
radiological emergency may result from
an incident at a variety of types of

facilities, including, but not limited to,

1-1

.those that ‘are part of the nuclear fuel

cycle, defense and research facilities,
and facilities that produce or use
radioisotopes, or from an incident
connected with the transportation or
use of radioactive materials at locations
not classified as "facilities”. This
manual provides radiological protection
criteria intended for application to all
nuclear incidents requiring
consideration of protective actions,
other than nuclear war. It is designed
for the use of those in Federal, State,
and local government with
responsibility for emergency response
planning. The manual also provides
guidance for implementation of the
criteria. This has been developed
primarily for incidents at nuclear
power facilities. Although this imple-
mentation guidance is intended to be
useful for application at other facilities
or uses of radioactivity, emergency
response plans will require the
development of additional
implementation procedures when
physical characteristics of the
radionuclides involved are different

‘ from those considered here.

The decision to advise members of
the public to take an action to protect
themselves from radiation from a
nuclear incident involves a complex
judgment in which the risk avoided by
the protective action must be weighed
in the context of the risks involved in
taking the action. Furthermore, the



decision may have to be made under
emergency conditions, with little or no
detailed information available.
Therefore, considerable planning is
necessary to reduce to a manageable
level the complexity of decisions
required to effectively protect the
public at the time of an incident.

- An objective of emergency planning
is to simplify the choice of possible
responses so that judgments are
required only for viable and useful
alternatives when an emergency
occurs. During the planning process it
.is possible to make some value
judgments and ‘to determine. which
responses are -not required, . which
decisions can be made on the basis of
prior judgments, and which judgments
must be made during an actual
emergency. From this exerdse, it is
then possible to devise operational
plans which can be used to respond to
the spectrum of hazardous situations
which may develop.

The main contribution to the
protection of the public from abnormal
releases of radioactive material is
provided by site selection, design,
quality assurance in construction,
engineered safety systems, and the
competence of staff in safe operation
and maintenance. These measures can
reduce both the probability and the
magnitude of potential consequences of
an accident. Despite these measures,
the occurrence of nuclear incidents
cannot be excluded. Accordingly, emer-
gency response planning to mitigate
the consequences of an incident is a
necessary supplementary level
protection.

of .

During a nuclear incident, when
the source of exposure of the public is
not under control, the public usually
can be protected only by some form of
intervention which will disrupt normal
living. Such intervention is termed
protective action. A Protective Action
Guide (PAG) is the projected dose to
reference man, or other defined
individual, from an unplanned release
of radioactive material ‘at which a
specific protective action to reduce or
avoid that dose is recommended. The
objective of this manual is to provide
such PAGs for the principal protective
actions available to public officials -
during a nuclear incident, and to
provide guidance for their use. -

1.1 Nuclear Incident Phases and

Protective Actions :

It is convenient to identify three
time phases which are generally
accepted as being common to all
nuclear incident sequences; within
each, different considerations apply to
most protective actions. These are
termed the early, intermediate, and
late phases. Although these phases
cannot be represented by precise-
periods and may overlap, they provide
a wuseful framework for the
considerations involved in emergency

response planning.

The early phase (also referred to as
the emergency phase) is the period at
the beginning of a nuclear incident
when immediate decisions for effective
use of protective actions are required
and must therefore usually be based
primarily on the status of the nuclear




facility (or other incident site) and the
prognosis for worsening conditions.
When available, predictions of radio-
logical conditions in the environment
based on.the condition of the source or
actual environmental measurements
may also be used. Protective actions
based on the PAGs may be preceded by
precautionary actions during this
period. This phase may last from
hours to days.

The intermediate phase is the
period beginning after the source and
releases have been brought under
control and reliable environmental
measurements are available for use as
a basis for decisions on additional
protective actions. It extends until
these additional protective actions are
terminated. This phase may overlap
the early and late phase and may last
from weeks to many months.

The late phase (also referred to as
the recovery phase) is the period
beginning when recovery action
designed to reduce radiation levels in
the environment to acceptable levels
for unrestricted use are commenced,
and ending when all recovery actions
have been completed. This period may
extend from months to years.

The protective actions available to
avoid or reduce radiation dose can be
categorized as a function of exposure
pathway and incident phase, as shown
in Table 1-1. Evacuation and shel-
tering (supplemented by bathing and
changes of clothing), are the principal
protective actions for use during the
early phase to protect the public from
exposure to direct radiation and

inhalation from an airborne plume. It
may also be appropriate to initiate

. protective action for the milk supply

during this period, and, in cases where
emergency response plans include
procedures for issuing stable iodine to
reduce thyroid dose (FE-85), this may
be an appropriate protective action for
the early phase.

Some protective actions are not
addressed by assignment of a PAG.
For example, the control of access to
areas is a protective action whose
introduction is coupled to a decision to
implement one of the other early or
intermediate phase protective actions
and does not have a separate PAG.
And, although the use of simple, ad hoc
respiratory protection may be
applicable for supplementary protection
in some circumstances, this protective
action is primarily for use by
emergency workers.

There are two types of protective
actions during the intermediate phase.
First, relocation and decontamination
are the principal protective actions for
protection of the public from whole
body external exposure due to
deposited material and from inhalation
of any resuspended radioactive
particulate materials during the
intermediate and late phases. It is
assumed that decisions will be made
during the intermediate phase
concerning whether areas from which
the public has been relocated will be
decontaminated and reoccupied, or
condemned and the occupants
permanently relocated. The second
major type of protective action during
the intermediate phase encompasses



TABLE 1-1. EXPCSURE PATHWAYS, INCIDENT PHASES,
AND PROTECTIVE ACTIONS. -

POTENTIAL EXPOSURE PATHWAYS PROTECTIVE
AND INCIDENT PHASES ACTIONS
External radiation from Sheltering
facility Evacuation
Conuol of access
External radiation from plume Sheltering
Evacuation
Control of access
: Early
Inhalation of activity in Sheltering .
plume Administration of stable iodine
Evacuation

Contamination of skin and
clothes

Extemal radiation from
ground deposition of activity
. Ingestion of contaminated

food and water

Inhalation of resuspended
activity

1
Intermediate

Late

Control of access

Sheliering
Evacuation
Decontamination of persons

Evacuation

Relocation

Decontamination of land
and property

Food and water controls

Relocation
Decontamination of land

and property

Note: The use of stored animal feed and uncontaminated water to limit the uptake of radionuclides

by domestic animals in the food chain can be applicable in any of the phases.
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restrictions on the use of contaminated
food and water. This protective action,
in particular, may overlap the early.
and late phases.

It is necessary to distinguish
between evacuation and relocation with

regard to incident phases. Evacuation”

is the urgent removal of people from an
area to avoid or reduce high-level,
short-term exposure, usually from the
plume or deposited activity.
Relocation, on the other hand, is the
removal or continued exclusion of
people (households) from contaminated
areas to avoid chronic radiation
exposure. Conditions may develop in
which some groups who have been
evacuated in an emergency may be
allowed to return based on the
relocation PAGs, while others may be
converted to relocation status.

1.2 Basis for Selecting Protective
Action Guides

The PAGs in this manual
incorporate the concepts and guidance
contained in Federal Radiation Council
(FRC) Reports 5 and 7 (FR-64 and
FR-65). One of these is that the
decision to implement protective
actions should be based on the
projected dose that would be received if
the protective actions were not
implemented. However, since these
reports were issued, considerable
additional guidance hasbeen developed
on the subject of emergency response
(IC-84, IA-89). EPA considered the
following four principles in establishing
values for the PAGs:

1.5

" essential bases

1. Acute effects on health (those that
would be observable within a short
period of time and which have a dose
threshold below which such effects are
not likely to occur) should be avoided.

2. The risk of delayed effects on
health (primarily cancer and genetic
effects for which linear nonthreshold
relationships to dose are assumed)
should not exceed upper bounds that
are judged to be adequately protective
of public health under emergency
conditions, and are reasonably
achievable.

8. PAGs should not be higher than
justified on the basis of optimization of
cost and the collective risk of effects on
health. That is, any reduction of risk
to public health achievable at
acceptable cost should be carried out.

4. Regardless of the above principles,
the risk to health from a protective
action should not itself exceed the risk
to health from the dose that would be
avoided.

The above principles apply to the
selection of any PAG. Principles 1, 3,
and 4 have been proposed for use by
the international community as
for decisions to
intervene during an incident and
Principle 2 has been recognized as an
appropriate additional consideration
(IA-89). . Appendices C and E apply
these principles to the choice of PAGs
for evacuation and relocation.
Although in establishing the PAGs it is
prudent to consider a range of source
terms to assess the costs associated
with their implementation, the PAGs



are chosen so as to be independent of
the magnitude or type of release.

1.3 Planning -

The planning elements for
developing radiological emergency
response plans for nuclear incidents at
commercial nuclear power facilities are
provided in a separate document,
NUREG-0654 (NR-80), which
references the PAGs in this Manual as
the basis for emergency response.
Planning elements for other types of
nuclear incidents should be developed
using similar types of considerations.

Similarly, guidance for nuclear
power facilities on time frames for
response, the types of releases to be
considered, emergency planning zones
(EPZ), and the potential effectiveness
of various protective actions is provided
in NUREG-0396 (NR-78). The size and
shape of the recommended EPZs were
only partially based on consideration of
the numerical values of the PAGs. A
principle additional basis was that the
planning -zone for evacuation and
sheltering should be large enough to
accommodate any urban and rural
areas affected and involve the various
organizations needed for emergency
response. This consideration is
appropriate for any facility requiring
an emergency response plan involving
offsite areas. Experience gained
through emergency response exercises
is then expected to provide an adequate
basis for expanding the response to an
actual incident to larger areas, if
- needed. "It is also noted that the
10-mile radius EPZ for the early phase

~determine

is large enough to avoid exceeding the
PAGs for the .early phase at its
boundary for low-consequence, nuclear
reactor, core-melt accidents and to
avoid early fatalities for
high-consequence, nuclear reactor
core-melt accidents. The 50-mile EPZ
for ingestion pathways was selected to
account for the proportionately higher
doses via ingestion compared to
inhalation and whole body external
exposure pathways.

14 Implementation of Protective
Actions )

The sequence of events during the

" early phase includes evaluation of

conditions at the location of the
incident, notification of responsible
authorities, prediction or evaluation of
potential consequences to the general
public, recommendations for action,
and implementing protection of the
public. In the early phase of response,
the time available to implement the
most effective protective actions may be
limited.

Immediately upon becoming aware
that an incident has occurred that may
result in exposure of the population,
responsible authorities should make a
preliminary evaluation to determine
the nature and potential magnitude of
the incident. This evaluation should
determine whether conditions indicate
a significant possibility of a major
release and, to the extent feasible,
potential exposure
pathways, populations at risk, and
projected doses. " The incident eval-
uation and recommendations should




then be presented to emergency
response authorities for action. In the
absence of recommendations for
protective actions in specific areas from
the official -responsible for the source,

the emergency plan should, where’

practicable, provide for protective
action in predesignated areas.

Contrary to the usual situation
during the early phase, dose projections
used to support protective action
decisions during the intermediate and
late phases will be based on
measurements of environmental
radioactivity and dose models.
Following relocation of the public from
affected areas to protect them from

exposure to deposited materials, it will -

also be necessary to compile
radiological and cost of
decontamination data to form the basis
for radiation protection decisions for
recovery.

The PAGs do not imply an
acceptable level of risk for normal
(nonemergency conditions). They also
do not represent the boundary between
safe and unsafe conditions, rather, they
are the approximate levels at which the
associated protective actions are
justified. Furthermore, under emer-
gency conditions, in addition to the
protective actions specifically identified
for application of PAGs, any other
reasonable measures available should
be taken to minimize radiation
exposure of the general public and of
emergency workers.

1A-89
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CHAPTER 2

Protective Action Guides for the Early Phase
of an Atmospheric Release

2.1 Introduction

Rapid action may be needed to
protect members of the public during
an incident involving a large release of
radioactive materials to the
atmosphere. This chapter identifies
the levels of exposure to radiation at
which such prompt protective action
should be initiated. These are set forth
as Protective Action Guides (PAGs) for

_ the general population. Guidance for

limiting exposure of workers during
such an incident is also provided. This
guidance applies to any type of nuclear
accident or other incident (except
nuclear war) that can result  in
exposure of the public to an airborne
release of radioactive materials.

" In the case of an airborne release
the principal relevant protective
actions are evacuation or sheltering.

These may be supplemented by-

additional actions such as washing and
changing clothing or by using stable
iodine to partially block uptake of
radioiodine by the thyroid.

The former Federal Radiation
Council (FRC), in a series of
recommendations issued in the 1960’s,

. introduced the concept of PAGs and

issued guides for avoidance of exposure
due to ingestion of strontium-89,
strontium-90, cesium-137, and

2-1

iodine-131. Those guides were
developed for the case of worldwide
atmospheric fallout from weapons
testing, "and ‘are appropriate for
application to intake due to long term
contamination from such atmospheric
releases. That is, they were not
developed for protective actions
relevant to prompt exposure to an
airborne release from a fixed facility.
The guidance in this chapter thus does
not supersede this previous FRC
guidance, but provides new guidance
for different exposure pathways and
situations.

2.1.1 Applicability

.. These. PAGs. are expected to be .
used for planning purposes: for
example, to develop radiological
emergency response plans and to
exercise those plans. They provide
guidance for response decisions and
should not be regarded as dose limits.
During a real incident, because of
characteristics of the incident and local
conditions that cannot be anticipated,
professional judgment will be required
in their application. Situations could
occur, for example, in which a nuclear
incident happens when environmental
conditions or other constraints make
evacuation impracticable. In these
situations, sheltering may be the



protective action of choice, even at
projected doses above the PAG for
evacuation. Conversely, in some cases
evacuation may be useful at projected
doses below the PAGs. Each case will
require judgments by those responsible
for decisions on protective actions at
the time of an incident.

The PAGs are intended for general
use to protect all of the individuals in
an exposed population. To avoid social
and family disruption and the
complexity of implementing different
PAGs for different groups under
emergency conditions, the PAGs should
be applied equally to most members of
the population. However, there are
some population groups that are at
markedly different levels of risk from
some protective actions — particularly
evacuation. Evacuation at higher
values is appropriate for a few groups
for whom the risk associated with
evacuation is exceptionally high (e.g.,
the infirm who are not readily mobile),
and the PAGs provide for this.

Some incidents may occur under
circumstances in which protective
actions cannot be implemented prior to
a release (e.g., transportation
incidents). Other incidents may
involve only slow, small releases over
an extended period, so that the urgency
is reduced and protective action may be
more appropriately treated as
relocation (see Chapter 4) than as

evacuation. Careful judgment will be

needed to decide whether or not to
apply these PAGs for the early phase
under such circumstances.

The PAGs do not imply an
acceptable level of risk for normal
(nonemergency) conditions. PAGs also
do not represent the boundary between
safe and unsafe conditions; rather, they
are the approximate levels at which the
associated protective actions are
justified. Furthermore, under

emergency conditions, in addition to _

the protective actions specifically
identified, any other reasonable
measures available should be taken to
reduce radiation exposure of the
general public and of emergency
workers. These PAGs are not intended
for use as criteria for the ingestion of

. contaminated food or water, for
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relocation, or for return-to an area
contaminated by radioactivity.
Separate guidance is provided for these
situations in Chapters 3 and 4.

2.1.2 Emergency Planning Zones and
the PAGs '

For the purpose of identifying the
size of the planning area needed to
establish and test radiological
emergency response plans, emergency
planning zones (EPZs) are typically
specified around nudear facilities.
There has been some confusion among
emergency planners between these
EPZs and the areas potentially affected
by protective actions. It is not
appropriate to wuse the maximum
distance where a PAG might be
exceeded as the basis for establishing
the boundary of the EPZ for a facility.
For example, the choice of EPZs for
commercial nuclear power facilities has
been based, primarily, on consideration
of the area needed to assure an




adequate planning basis for local
response functions and the area in
which acute health effects could occur.!
These considerations will also be
appropriate for use in selecting EPZs
for most other nuclear facilities.
However, since it will usually not be
necessary to have offsite planning if
PAGs cannot be exceeded offsite, EPZs
need not be established for such cases.

2.1.8 Incident Phase

The period addressed by this
chapter is denoted the "early phase.”
This is somewhat arbitrarily defined as
the period beginning at the projected
(or actual) initiation of a release and
extending to a few days later, when
deposition of airborne materials has
ceased and enough information has
become available to permit reliable
decisions about the need for longer
term protection. During the early
phase of an incident doses may accrue
both from airborne and from deposited

--- radioactive materials... Since.the _dose

to persons who are not evacuated will
continue until relocation can be
implemented (if it is necessary), it is
appropriate to include in the -early

1The development of EPZs for nuclear power
facilities is discussed in the 1978 NRC/EPA
document "Planning Basis for the Development
of State and Local Government Radiological
Emergency Response Plans in Support of Light
Water Nuclear Power Plants”™ NUREG-0396.

- EPZs for these facilities have typically been

chosen to have a radius of approximately 10
miles for planning evacuation and sheltering
and a radius of approximately 50 miles for
planning protection from ingestion of
contaminated foods. '

phase the total dose that will be
received prior to such relocation. For
the purpose of planning, it will usually
be convenient to assume that the early
phase will last for four days -- that is,
that the duration of the .primary
release is less than four days, and that
exposure to deposited materials after
four days can be addressed through
other protective actions, such as
relocation, if this is warranted.
(Because of the unique characteristics
of some facilities or situations, different
time periods may be more appropriate
for planning purposes, with
corresponding modification of the dose
conversion factors cited in Chapter 5.)

2.2 Exposure Pathways

The PAGs for members of the
public specified in this chapter refer
only to doses incurred during the early
phase. These may include external
gamma dose and beta dose to the skin
from direct exposure to airborne
materials . and . from .. deposited
materials, and the committed dose to
internal organs from inhalation of
radioactive material. Exposure
pathways that make only a small
contribution (e.g., less than about 10
percent) to the dose incurred in the
early phase need not be considered.
Inhalation of resuspended particulate
materials will, for example, generally
fall into this category.

Individuals exposed to a plume
may also be exposed to deposited
material over longer periods of time via
irigestion, direct external exposure, and
inhalation pathways. Because it is



usually not practicable, at the time of
an incident, to project these long-term
doses and because different protective
actions may be appropriate, these doses
are not included in the dose specified
in the PAGs for the early phase. Such
doses are addressed by the PAGs for
the intermediate phase (see Chapters 3
and 4).

The first exposure pathway from

an accidental airborme release of -

radioactive material will often be direct
exp.sure to an overhead ph ne of
radioactive material carried by winds.
The detailed content of such a.plume
will depend on the source involved and
conditions of the incident.  For
example,in the case of an incident at a
nuclear power reactor, it would most
commonly contain radioactive noble
gases, but may also contain
radioiodines and radioactive particulate
materials. Many of the these materials
emit gamma radiation which can
ernose people nearby, as the plume
passes. In the case of some other types
of incidents, particularly those
involving releases of alpha emitting
particulate materials, direct exposure
to gamma radiation is not likely to be
the most important pathway.

A second exposure pathway occurs
when people are directly immersed in a
radioactive plume, in which case
radioactive material is inhaled (and the
skin and clothes may also become
contaminated), e.g., when particulate
materials or radioiodines are present.
When this occurs, internal body organs
as well ‘as the skin may be exposed.
Although exposure from materials
deposited on the skin and clothing
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could be significant, generally it will be
less important than that from
radioactive material taken into the
body through inhalation. This is
especially true if early protective
actions include washing exposed skin
and . changing clothing. Inhaled
radioactive particulate materials,
depending on their solubility in body
fluids, may remain in the lungs or
move via the bloodstream to other
organs, prior to elimination from the
body. Some radionuclides, once in the
bloodstream, are concentrated in a
single body organ, with only small
amounts going to other organs. For
example, if radioiodines are inhaled, a
significant . fraction moves rapidly
through the bloodstream to the thyroid
gland.

As the passage of a radioactive
plume containing particulate material
and/or radioiodine progresses, some of
these materials will deposit onto the
ground and other surfaces and create a
third exposure pathway. People
present after the plume has passed will
receive exposure from gamma and beta
radiation emitted from these deposited
materials. If large quantities of
radioiodines or gamma-emitting
particulate materials are contained in
a release, this exposure pathway, over
a long period, can be more significant
than direct exposure to gamma
radiation from the passing plume.

2.3 The Protective Action Guides

. The PAGs for response during the
early phase of an incident are
summarized in Table 2-1. The PAG for




evacuation (or, as an alternative in
certain cases, sheltering) is expressed
in terms of the projected sum of the
effective dose equivalent from external
radiation and the committed effective
dose equivalent
inhalation of radioactive materials from
exposure and intake during the early
phase. (Further references to dose to
members of the public in this Chapter
refer to this definition, unless
otherwise specified.) Supplementary
guides are specified in terms of
committed dose equivalent to the
thyroid and dose equivalent to the skin.
The PAG for the administration of
stable iodine is specified in terms of the
committed dose equivalent to the
thyroid from radioiodine. This more
complete guidance updates and
replaces previous values, expressed in
terms of whole-body dose equivalent
" from external gamma exposure and
thyroid dose equivalent from inhalation
of radioactive iodines, that were
recommended in the 1980 edition of

this document.

2.3.1 Evacuation and Sheltering

The basis for the PAGs is given in
Appendix C. In summary, this analysis
indicates that evacuation of the public
will usually be justified when the
projected dose to an individual is one
rem. This conclusion is based prim-
arily on EPA’s judgment concerning
acceptable levels of risk of effects on
public health from radiation exposure
in an emergency situation. The
analysis also shows that, at this
radiation dose, the risk avoided is
usually much greater than the risk

incurred from

from evacuation itself. However, EPA
recognizes the uncertainties associated
with quantifying risks associated with
these levels of radiation exposure, as
well as the variability of risks
associated” “with evacuation under
differing conditions.

Some judgment will be necessary
when considering the types of
protective actions to be implemented
and at what levels in an emergency
situation.  Although the PAG is
expressed as a range of 1-5 rem, it is
emphasized that, under normal
conditions, evacuation of members of
the general population should be
initiated for most “incidents at a
projected dose of 1 rem. (It should be
recognized that doses to some
individuals may exceed 1 rem, even if
protective actions are initiated within
this guidance.) It is also possible that
conditions may exist at specific
facilities which warrant consideration
of values other than those recom-

. mended for general use here.’
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Sheltering may be preferable to
evacuation as a protective action in
some situations. Because of the higher
risk associated with evacuation of some
special groups in the population (e.g.
those who are not readily mobile),
sheltering may be the preferred
alternative for such groups as a

EPA, in accordance with its responsibilities
under the regulations governing radiological
emergency planning (47FR10758; March 11,
1982) and under the Federal Radiological
Emergency Response Plan, will consult with
Federal agencies and the States, as requested,
in such cases.



Table 2-1 PAGs for the Early Phase of a Nuclear Incident

Protective PAG Comments

Action - - (projected dose)

Evacuation 1-5 rem® Evacuation (or, for some

(or sheltering®) situations, sheltering®)
should normally be
initiated at 1 rem.
Further guidance is
provided in Section 2.3.1

Administration of 25 rem® Requires approval of

stable iodine State medical officials.

*Sheltering may be the preferred protective action when it will provide protection equal to or
greater than evacuation, based on consideration of factors such as source term charactenstxcs, and
temporal or other sxte—spec:ﬁc conditions (see Section 2.3.1).

*The sum of the effective dose equivalent resulting from exposure to external sources and the
committed effective dose equivalent incurred from all significant inhalation pathways during the
early phase. Committed dose equivalents to the thyroid and to the skin may be 5 and 50 times

larger, respectively.

‘Committed dose equivalent to the thyroid from radioiodine.

protective action at projected doses up
to 5 rem. In addition, under unusually
hazardous environmental conditions
use of sheltering at projected doses up
to 5 rem to the general population (and
up to 10 rem to special groups) may
become justified. Sheltering may also
provide protection equal to or greater
than evacuation due to the nature of
the source term and/or in the presence
of temporal or other site-specific
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conditions. Illustrative examples of
situations or groups for which
evacuation may not be appropriate at 1
rem include: a) the presence of severe
weather, b) competing disasters, c)
institutionalized persons who are not
readily mobile, and d) local physical
factors which impede evacuation.
Examples of situations or groups for
which evacuation at 1 rem normally
would be appropriate include: a) an




incident which occurs at night, b) an
incident which occurs when children
are in school, and c) institutionalized
persons who - are readily 'mobile.
Evacuation'seldom will be justified at
less than 1 rem.” The examples

described above regarding selection of -

the most appropriate protective action
are intended to be illustrative and not
exhaustive. In general, sheltering
should be preferred to evacuation
whenever it provides equal or greater
protection.

- No specific minimum level is
established for initiation of sheltering.
Sheltering in place is a low-cost,
low-risk protective action that can
provide protection with an efficiency
ranging from zero to almost 100
percent, depending on the circum-
stances. It can also be particularly
useful to assure that a population is
positioned so that, if the need arises,
communication with the population can
be carried out expeditiously. For the
above reasons, planners and decision

sheltering at projected doses below 1
rem; however, implementing protective
actions for projected doses at very low
levels would not be reasonable (e.g.
below 0.1 rem). (This guidance should
not be construed as establishing an
additional lower level PAG for
sheltering.) Sheltering should always
be implemented in cases when
evacuation is not carried out at
projected doses of 1 rem or more.

Analyses for some hypothesized
accidents, such as short-term releases
of transuranic materials, show that
sheltering in residences and other

- -makers should consider implementing -

buildings can be highly effective at
reducing dose, may provide adequate
protection, and may be more effective
than * evacuation when evacuation
cannot be completed before plume
arrival (DO-90). However, reliance on
large  dose reduction. factors for
sheltering should be accompanied by
cautious examination of possible failure
mechanisms, and, except in very
unusual circumstances, should never be
relied upon at projected doses greater
than 10 rem. Such analyses should be
based on realistic or "best estimate”
dose models and include unavoidable
dose during evacuation. Sheltering and
evacuation are discussed in more detail
in Section 5.5.

2.3.2 Thyroid and Skin Protection

Since the thyroid is at
disproportionately high risk for
induction of nonfatal cancer and
nodules, compared to other internal
organs, additional guidance is provided
to limit the-risk of-these-effects (see
footnote to Table 2-1). In addition,
effective dose, the quantity used to
express the PAG, encompasses only the
risk of fatal cancer from irradiation of
organs within the body, and does not
include dose to skin. Guidance is also
provided, therefore, to protect against
the risk of skin cancer (see Table 2-1,
footnote b).

The use of stable iodine to protect
against uptake of inhaled radioiodine
by the thyroid is recognized as an
effective alternative to evacuation for
situations involving radioiodine
releases when evacuation cannot be



implemented or exposure occurs during
evacuation. Stable iodine is most
effective when administered
immediately prior to exposure to
radioiodine. - However, significant
blockage of the thyroid dose can be
provided by administration within one
or two hours after uptake of radio-
iodine. If the administration of stable
iodine is included in an emergency
response plan, its use may be
considered for exposure situations in
which the committed dose equivalent to
the thyroid can be 25 rem or greater
(see 47 FR 28158; June 29, 1982).

Washing and changing of clothing
is recommended primarily to provide
protection from beta radiation from
radioiodines and particulate materials
deposited on the skin or clothing.
Calculations indicate that dose to skin
should seldom, if ever, be a controlling

pathway. However, it is good radiation -

“protéction practice to recommend these -

actions, even for alpha-emitting
radioactive materials, as soon as
practical for persons significantly
exposed to a contaminating plume (i.e.,
when the projected dose from inhala-
tion would have justified evacuation of
the public under normal conditions).

2.4 Dose Projection

The PAGs are expressed in terms
of projected dose. However, in the
- early phase of an incident (either at a
nuclear facility or other accident site),
parameters other than projected dose
may _frequently provide a more
appropriate basis for decisions to
implement protective actions. When a
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facility is operating outside its design
basis, or an incident is imminent but
has not yet occurred, data adequate to
directly estimate the projected dose
may not be available. For such cases,
provision should be made during the
planning stage for decisions to be made
based on specific conditions at the
source of a possible release that are
relatable to ranges of anticipated
offsite consequences. Emergency
response plans  for facilities should
make use of Emergency Action Levels
(EALs)*, based on in-plant’ conditions,
to trigger notification of and
recommendations to offsite officials to

implement prompt - evacuation or

sheltering in specified areas in the
absence of information on actual
releases or environmental
measurements. Later, when these data
become available, dose projections
based on measurements may be used,
in addition to plant conditions, as the
basis for implementing ~further
protective actions. (Exceptions may
occur at sites with large exclusion
areas where some field and source data

" may be available in sufficient time for

protective action decisions to be based
on environmental measurements.) In
the case of transportation accidents or
other incidents that are not related to
a facility, it will often not be
practicable to establish EALs.

The calculation of projected doses
should be based on realistic dose

‘Emergency Action Levels related to plant
conditions at commercial nuclear power plants
are discussed in Appendix 1 to NUREG-0654
(NR-80).

O



models, to the extent practicable.
Doses incurred prior to initiation of a

protective action should not normally -

be included. Similarly, doses that
might be received following the early
phase should not be included for
decisions on whether or not to evacuate
or shelter. Such doses, which may
occur from food and water, long-term
radiation exposure to deposited
radioactive materials, or long-term
inhalation of resuspended materials,
are chronic exposures for which neither
emergency evacuation nor sheltering
are appropriate protective actions.
Separate PAGs relate the appropriate
protective action decisions to those
exposure pathways (Chapter 4). As
noted earlier, the projection of doses in
the early phase need include only those
exposure pathways that contribute a

- significant fraction (e.g., more than

about 10 percent) of the dose to an
individual.

In practical applications, dose
projection will usually begin at the
time of the anticipated (or actual)
initiation of a release. For those
situations where significant dose has
already occurred prior to implementing
protective action, the projected dose for
comparison to a PAG should not
include this prior dose.

-+ 2.5 Guidance for Controlling Doses to

Workers Under Emergency Conditions

The PAGs for protection of the
general population and dose limits for
workers performing emergency services
are derived under different
assumptions. PAGs consider the risks

to individuals, themselves, from
exposure to radiation, and the risks
and costs associated with a specific
protective action. On the other hand, .
workers may receive exposure under a
variety of circumstances in order to
assure protection of others and of
valuable property. These exposures
will be justified if the maximum risks
permitted to workers are acceptably
low, and the risks or costs to others
that are avoided by their actions
outweigh the risks to which workers
are subjected.

- Workers who may incur increased
levels of exposure under emergency
conditions may include those employed
in law enforcement, fire fighting;
radiation protection, civil defense,
traffic control, health services,
environmental monitoring, transpor-
tation services, and animal care. In
addition, selected workers at
institutional, utility, and industrial
facilities, and at farms and other.
agribusiness may be required to protect
others, or to protect valuable property
during an emergency. The above are
examples - not designations - of
workers that may be exposed to
radiation under emergency conditions.

Guidance on dose limits for
workers performing emergency services
is summarized in Table 2-2. These
limits apply to doses incurred over the
duration of an emergency. That is, in
contrast to the PAGs, where only the
future dose that can be avoided by a
specific protective action is considered,
all doses received during an emergency
are included in the limit. Further, the .
dose to workers performing emergency



Table 2-2 Guidance on Dose Limits for Workers Performing Emergency Services

Dose limit*

Activity Condition
(rem)
5 ' all

10 protecting valuable lower dose not practicable
property

25 life saving or lower dose not practicable
protection of large

_populations

>25 lifesaving or only on a voluntary basis
protection of large to persons fully aware of
populations the risks involved - (See

Tables 2-3 and 2-4)

*Sum of external effective dose equivalent and committed effective dose equivalent to nonpregnant
adults from exposure and intake during an emergency situation. Workers performing services during
emergencies should limit dose to the lens of the eye to three times the listed value and doses to any
other organ (including skin and body extremities) to ten times the listed value. These limits apply to
all doses from an incident, except those received in unrestricted areas as members of the public during
the intermediate phase of the incident (see Chapters 3 and 4).

services may be treated as a once-in-a-
lifetime exposure, and not added to
occupational exposure accumulated
under nonemergency conditions for the
purpose of ascertaining conformance to
normal occupational limits, if this is
necessary. However, any radiation
exposure of workers that is associated
with an incident, but accrued during
nonemergency operations, should be
limited in accordance with relevant
occupational limits for normal
situations. Federal Radiation
Protection Guidance for occupational
exposure recommends an upper bound
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of five rem per year for adults and one
tenth this value for minors and the
unborn (EP-87). We recommend use of
this same value here for the case of
exposures during an emergency. To
assure adequate protection of minors
and the unborn during emergencies,
the performance of emergency services
should be limited to nonpregnant
adults. As in the case of normal
occupational exposure, doses received
under emergency conditions should also
be maintained as low as reasonably
achievable (e.g., use of stable iodine,
where appropriate, as a prophylaxis to




reduce thyroid dose from inhalation of
" radioiodines and use of rotation of
workers). '

Doses to all workers during
emergencies should, to the extent
practicable, be limited to 5 rem. There
are some emergency situations,
however, for which higher exposure
limits may be justified. Justification of
any such exposure must include the
presence of conditions that prevent the
rotation of workers or other
commonly-used dose reduction

at which acute effects of radiation will

" beincurred and numerical estimates of

methods. Except as noted below, the .

dose resulting from such emergency
exposure should be limited to 10 rem
for protecting valuable property, and to
25 rem for life saving activities and the
protection of large populations. In the
context of this guidance, exposure of
workers that is incurred for the
protection of large populations may be
considered justified for situations in
which the collective dose avoided by
the emergency operation is signif-
icantly larger than that incurred by the
workers involved.

Situations may also rarely occur in
which a dose in excess of 25 rem for
emiergency exposure would be
unavoidable in order to carry out a
lifesaving operation or to avoid
extensive exposure of large populations.
It is not possible to prejudge the risk
that one should be allowed to take to
save the lives of others. However,
persons undertaking any emergency
operation in which the dose will exceed
25 rem to the whole body should do so
only on a voluntary basis and with full
awareness .of the risks involved,
including the numerical levels of dose
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the risk of delayed effects.

Tables 2-3 and 2-4 provide some
general information that may be useful
in advising emergency workers of risks
of -acute and delayed health effects
associated with large doses of radia-
tion. Table 2-3 presents estimated
risks of early fatalities and moderately
severe prodromal (forewarning) effects
that are likely to occur shortly after
exposure to a wide range of whole body
radiation doses. Estimated average
cancer mortality risks for emergency
workers corresponding to a whole-body
dose equivalent of 25 rem are given in
Table 2-4, as a function of age at the
time of exposure. To estimate average
cancer mortality for moderately higher
doses the.results in Table 2-4 may be
increased linearly. These values were
calculated using a life table analysis
that assumes the period of risk
continues for the duration of the
worker’s lifetime. Somewhat smaller
risks of serious genetic effects (if
gonadal tissue is exposed) and of
nonfatal cancer would also be incurred.
An expanded discussion of health
effects from radiation dose is provided
in Appendix B.

Some workers performing
emergency services will have little or
no health physics training, so dose
minimization through use of protective
equipment cannot always be assumed.
However, the use of respiratory
protective equipment can reduce dose
from inhalation, and . clothing can
reduce beta dose. Stable iodine is also
recommended for blocking thyroid



Table 2-3 Health Effects Associated with Whole-Body Absorbed Doses Received
Within a Few Hours" (see Appendix B)

Whole Body Early Whole Body  Prodromal Effects®
Absorbed dose Fatalities® Absorbed dose  (percent affected)
(rad) . (percent) {rad)
140 5 b 50 2
200 515 PO 100 15
300 50 150 50
400 85 200 85
460 95 250 98

*Risks will be lower for protracted exposure periods.

®Supportive medical treatment may increase the dose at which
these frequericies occur by approximately 50 percent.

‘Forewarning symptoms of more serious health effects associated
with large doses of radiation.

Table 2-4 Approximate Cancer Risk to Average Individuals from 25 Rem Effective
Dose Equivalent Delivered Promptly (see Appendix C) '

‘ Appropriate risk Average years of
Age at of premature death life lost if premature
exposure (deaths per 1,000 death accurs
(years) persons exposed) (years)
20 to 30 9.1 24
30 to 40 7.2 19
40 to 50 5.3 15
50 to 60 3.5 11
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uptake .of radiciodine in personnel
involved in emergency actions where

atmospheric releases include
radioiodine. The decision to issue
stable - iodine should include

consideration of established State
medical procedures, and planning is
required to ensure its availability and
proper use.

2-13

References

DO-90 U.S. Department of Energy.
Effectiveness of Sheltering in Buildings and
Vehicles for Plutonium, DOE/EH-0159, U.S.
Department of Energy, Washington (1990).

EP-87 U.S. Environmental Protection Agency.

Radiation Protection Guidance to Federal
Agencies for Occupational Exposure. Federal
Register, 52, 2822; January 27, 1987.

NR-80 U.S. Nuclear Regulatory Commission.
Criteria for Preparation and Evaluation of
Radiological Emergency Response Plans and
Preparedness in Support of Nuclear Power
Plants. NUREG-0654, U.S. Nuclear
Regulatory Commission, Washington, (1980).



CHAPTER 3

Protective Action Guides for the Intermediate Phase
(Food and Water)

a) Accidental Radioactive Contamination of Human Food and Animal Feeds;
Recommendations for State and Local Agencies*

b) Drinking Water**

* These recommendations were published by FDA in 1982.

“Protective action recommendations for drinking water are under development by
EPA.
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Federal Register / Vol. 47, No. 205 ‘/ Friday, October 22, 1982 / Notices 47073

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Food and Drug Administration
{Docket No. TEN-0050)

Accidents! Radloactive Contemination
of Human Food and Animal Feeds;
Recommendations {or State and Local
Agencies N N

Aaency: Food and Drug Administration.
AcTion: Notice.

sUMMARY: The Food and Drug
Administrution (FDA) is publishing this
notice to provide to State and local
agencies responsible for emergency
response planning for radiological
incidents recommendations for taking
proteclive actions in the event that an
incident causes the contamination of
human food or animal feeds. These
recommendations can be used to
determine whether levels of radiation
encountered in food after a radiological
incident warrant protective action and
to suggest appropriate actions that may
be taken if action is warranted. FDA has

: 8 responsibility to issue guidance on
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Federal Register / Vol. 47. No. 205 { Friday, October 22, 1962 / Notizes

appropriate planning actians necessary
{or evaluating and preventing
contamination of human food und
enimal feeds and on the control and use
of these products should they become
contaminated. .

FOR FURTHER INFORMATION CONTACT:
Gail D. Schmidt, Bureau of Radiologinal
Health (HFX~1). Food and Drug
Administration. 5600 Fishcrs Lane,
Ruckville, MD 20857, 301-343-2050.
CUPPLEMENTARY {KFORMATION:

Background

“This guidance on uccidental
radioactive contamination of food from
fixed nuclear facilities. transportation
accidents, and fallout is partof a
Federal interagency elfort coordinated
by the Federal Emergency Management
Agency (FEMA). FEMA issued a {inal
regulation in the Federal Register of
March 11, 1882 (47 FR 10758). which
refllected governmental reorganizations
and reassigned agency responsibilities
for radiological incident emergency
response planning. A responsibility
assigned to the Depariment of Health
and Human Services (HHS) [end in turn
delegated to FDA) is the responsibility
to develop and specily 1o Siate and local
governments protective actions and
associated guidance for human food and
animal feed.

In the Federal Register of December
15. 1978 (43 FR 58790), FDA published
proposed recommendations for State
and local agencies regarding accidental
radioactive contemination of human
food and snimal [eeds. Interested
persons were given until February 13,
1979 to comment on the proposal.
Twenty-one comments were received
from State agencies, Federal agencies,
nuclear utilities, and others. Two of the
comments from environmentally
concerned organizations were received
after the March 28. 1979 accident at
‘Three Mile Island, which increased
public awareness of protective action
guidance. Although these comments
were received after the close of the
comment period, they were considered
by the agency in developing these final
recommendations.

The Office of Radistion Progrums,
Environmental Protection Agency (EPA),
submitted a detailed and exhsustive
critique of the proposed
recommendations. EPA addressed the
dosimetry data, the agricultural models
used in calculating the derived response
lJevels, and the philosophical basis for
establishing the numerical value of the
protective action guides. FDA advises
that. to be responsive to the EPA
comments, FDA staff met with staff of
the Office of Radistion Programs. EPA.

during the develapment of these f:nal
recommendations. Although EPA's
fornial commants are respunded to in
this notice, EPA staff revicwed a draft of
the fina! recommendations. and FDA
hus considered their additional informal
comments. These cantacts wers
considered anpioprate because EPA
has indicated that it inter:ds to use the
recommendations as the basis for
revising its guidunce to Federal izencics
on protective avtion puides for
radiouctivity in food.

Proteciive Action Guidarnce

Althuugh not raised in the comments
received. FDA has reconsidered its
proposal to codify these
recommendations in 21 CFR Part 1090,
Because these recommundations are
voluntary guidance to State and local
agencies (not regulations). FDA has
decided not 1o codify the
recommendalions: rather, it is issuing
them in this notice. Elsewhere in this
issuc of the Federal Register, FDA is

" withdrawing the December 15. 1978

proposal.

The recommendations contain basic
criteria, defined as proteative actinn
guides (PAG's). for establishing the level
of radioactive contamination of human
food or animal feeds at which action
should be taken to protect the public
health and assure the safety of food. The
recommendations also contain specific
guidance on what emergency protective
actions should be taken to prevent
further contamination of food or feeds or
to restrict the use of food. ay well as
more genersl guidance on the
development and implementation of
emergency sction. The PAG's have been
developed on the basis of
considerations of accepiable risk 10
identify that level of contamination at
which action is necessary to protect the
public health.

1n preparing these recommendations.
FDA has reviewed and utilized the
Federal guidance on protective actions
contained in Federal Radiation Council
{FRC) Reports No. 5. July 1964 (Ref. 1}
and No. 7, May 1965 {Ref. 2). The
Federal guidance provides that each
Federal agency. by virtue ol its
immediate knowledge or its operating
problems. would use the applicable FRC
guides as a basis for developing detailed
standards to meet the particular needs
of the agency. FDA's recommendations
incorporate the FRC concepts and the
FRC guidance that protective actions. in
the event of a contaminating sccident,
should be based on estimates of the
projected radistion dose that would be
received in the shsence of taking
protective actions. Similarly, protective
actions should be implemented for a

suflicient time to avoid most of the
prijected rudiation dose. Thus. the
PAG’s define the numerical value of
rrojected radiation doses for which
protective uctions are recommended.

FDA has reviewed the recent report ¢f
the National Academy of Sciences/
utional Research Couneil {Ref. 3) un
radialion risks and biological effects
data thiet berame availabie after
piblicinticn of the FRC guidance and has
rrvicwed the impact of taking action in
the pasture/cow/milk/perscn pathway
ir. light uf the curren! concerns in
radiation protection. Based on thuse
considerations and the comments
teceived on the propased
recommendations, FDA has concluded
that protective ecticns of low impact
should be undertaken at projected
radiatiun doses lower than those
recommended by FRC (Refs. 1 and 2). .
Accordingly, FDA is recommending low-
impact protective actions (termed the
Preventive PAG) at projected radiation
doses of 0.5 rem whole body and 1.5 rem:
thyroid. FDA intends that such
protective actions be implemented to
prevent the appearance of radioactivity
in food at levels that would require its
condemnation. Preventive PAG's
include the transfer of dairy cows {rom
fresh forage (pasture) to uncontaminate 2.,
stored feed and the diversion of whale {3
milk patentially contaminated with
short-lived radionuclides to products
with e long shell life to allow
radioactive decay of the radicactive
materiul.

In those situations where the only
protective aclions that are feasible
present high dietary and social costs or
impacts {termed the Emergency PAC}
action is recommended at projected
radiation doses of § rem whole bouy
snd 15 rem thyroid. At the Emergency
PAG level responsible officials should
isolate food to prevent its introduction
into commerce and determine whether
condemnation or other disposition is
uppropriate. Action at the Emergency
PAG level is most likely for the
population that is near to the source of
radioaclive contamination and that
consumes home-grown produce and
m“k‘ . e i e e .

The PAG's represent FDA's judgment
as to that level of food contamination
resulting from radiation Incidents at
which action should be taken to protect
the public health. This is based on the
agency’s recognition that safety involves
the degree to which risks are judged
scceptable. The risk from natural
disasters (approximately s one in a .
million annval individusl risk of deat!
and the risk from variations in natural
background radiation have provided
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perspective in selecting the PAG values.
This issue is further discussed in the -
tesponses {o specific comments later in
this notice, especially in paragraph 8. A
more detailed treatment of the rationale,
risk factors, dosimetric and agricultural
models, and methods of calculation is
contained in the “Background for
Protective Action Recommendations:
Accidental Radioactive Contamination
of Food and Animal Feeds™ {Rel. 22).

Organ PAG Values

Current scientific evidence. as
reflected by BEIR-{ (Ref. 18),
UNSCEAR-1977 (Ref. 8}, and BEIR-1{]
{Rel. 3), indicates that the relative
importance of risk due to specific organ
exposure is quite different from the
earlier assumptions. The International
Commission on Radiological Protection
(ICRP) clearly recognized this in its 1977
recommendations (ICRP-28 (Ref. 6}),
which changed the methodology for
treating external and internal radiation
doses and the relative importance of
specilic organ doses. ICRP-26 assigned
weighting factors to specific organs
based on considerations of the

“incidence and severity (mortality) of -
radiation cancer induction. For the

“radionuclides of concern for {ood PAGC's.

ICRP-28 assigned weighting factors of
0.03 for the thyroid and 0.12 for red bone
marrow. Thus, the organ doses equal in
risk 10 1 rem whole body radiation dose
are 33 rem to the thyroid and 8 rem to
Red bone marrow. (The additional
ICRP-26. nonstochastic limit, however,
restricts the thyroid dose to 50 rem or 10
times the whole body occupational limit
ol 5 rem.}

in the Federal Register of Januury 23,
1981 (46 FR 7838). EPA proposed to
revise the Federal Radiation Protection
Cuidance Jor Occupalional Exposures
using the ICRP approach for internal
organ radiation doses, modified to
reflect specific EPA concerns. The EPA
proposal has been subject to
considerable controversy. Also, the
National Council on Radiation
Protection and Measurements (NCRP)
curently is evaluating the need to revise
its recommendations. FDA does nat,
however, expect the protection model
for intemal) organ radiation doses to be
resolved rapidly in the United States
and has based the relative PAG dose
assignments in these recommendations
on current U.S. standards and the 1971
rccommendations in NCRP-39 {Ref. 19).
Thus, the red bone marrow is assigned
the same PAG dose as the whole body
(0.5 rem Preventive PAC). and the
thyroid PAG is greater by a factor of
three (1.5 rem Preventive PAC). This-
results in PAG assignments for the
thyroid and red bone marrow that are

lower by factors of 3.3 and 8.
respectively, than values based on
ICRP-28 {Rel. B). FDA advises that it
will make appropriate changes in
recommendations for internal organ
doses when a consensus in the United
States emerges.

Anulysis of Comments

‘The following is a summary of the
corameats received on the December 15,
1978 proposal and the agency’s response
to them:

1. Several comments requested
clarification of the applicability and
compatibility of FDA's
recommendations with other Federal
actions, specifically the PAG guidance
of EPA {Ref. 7). the FRC Reports No. §
(Ref. 1) and No. 7 (Rel. 2), and the
Nuclear Regulatory Commission (NRC)
definition of “Extraordinary Nuclear
Occurrence” in 10 CFR Part 140. A
comment recommended that the term.
“Protective Action Guide (PAG)", not be
used because that term traditionally has
been associated with the FRC, and the
general public would confuse FDA's
recommendations with Federal
guidance. - - .-

The FRC Report Nu. § specilically
recommended that the lerm, “protective
action guide,” be adopted for Federal
use. The report defines the term as the
“projected absorbed dose to the
individuals in the general population
which warrants protective action
following a contaminating event.” &
concep! that is addressed by FDA"s
recommendations. To use the concept
with a different description would, in
FDA's opinion, be unnecessarily
confusing 1o State and local agencies as
well us Federal agencies.

These recommendations are being
issued 1o fulfill the HHS responsibilities
under FEMA's March 11, 1982
regulation. FDA fully considered FRC
Reports No. 5 and No. 7 and the basic
concepls and philosophy of the FRC
guidance form the basis for these
recommendations. The specific PAG
values are derijved response levels
included in these recommendations are
based on current agricultural pathway
and radiation dose models and current
estimates of risk. The FRC guidance
provided that protective actions may be
justified at lower (or higher} projected
radiation doses depending on the lotal
impact of the protective action. Thus.
FDA's recommendation that protective
actions be Implemented at projected
radiation doses lower than those
recommended by FRC doses is
consistent with the FRC guidance. The
FRC guidance is applicable to Federal
agencies in their radistion protection
activities. FDA's recommendations are

for use by State und local agencies in
respanse planming and implementation
of protective actions in the event of a
contaminaling incider!. Further, FDA's
recommendations would also be used by
FDA in implementing its authority for
food in interstate commerce undet the
Federal Foud, Drug. and Cosmetic Act.

FDA’s recommendations are being
forwarded 1o EPA as the basis for
revising Federa) guidance on foud
accidentally cantamingted by
radionuclides. EPA has advised FDA
that it intends to forward the FDA
recommendatians to the President under
its authority to “advise the President
with'respect to radiation matters
directly or indirectly affecting health,
including guidance for all Federal
agencies in the formulation of radiation
standards * * *", {This authority was -
transferred to EPA in 1970 when FRC
was abolished.) )

The r2cominendativns established in
this document apply only to human food
and animal feeds accidentally
contaminsled by radionuclides. They
should not be applied to any other
saurce of tahictio nenosure. EPA
already hes 1ssued protective action
guidunce for the short-term sccidental —— -~
exposure o airborne releases of
radioaclive waterials and intends also
to forward the EPA guides to the -
President as Federal guidance. EPA also
is considering the development of
guidance for acidentally contaminated
water and for long-term exposures due
to contaminated land, property, and
materials. Guidance for each of these -
exposure pathways is mutually
exclusive. Different guidance for each
exposure pathway is appropriate
because different criteria of risk, cost,
and benefit are involved. Also, each
exposure puthway may involve different
sets of protective or restorative actions
and would relute to different periods of
time when such actions would be taken.

2. Several comments expressed
concern about radiation exposure from
multiple radionuclides and from multiple
pathways, e.g., via inhalation. ingestion,
and exiernal radiation from the cloud
{plume exposure) and questioned why
particular pathways or radionuclides
and the doves received before
assessmen! were not addressed in the
recommendations. Several comments -
recommended that the PAG's include
specilic guidance for tap water (and
pctable waler). Other comments noted
that particular biological forms of
specific radionuclides (i.e. -
cyanocubalamin Co 80). would lead to
sign‘;ﬁcanlly different derived response
levels.

g
1Y



17076

Federal Register | Vol. 47, No. 205 [ Friday. Octuber 22, 1982 / Notices

- ra—— w———

FDA advises that the PAG's und the
|-rotective action concepts of FRC apply
to actinns taken to avoid or prevent
prujected radiation dose [or future
dose). Thus, by definition, the PAG's for
foad do not consider the radiatinn doses
alrandy incurred from the plume
pathway or from other sources, The
pupulation potentially exposed by
ingestion of contaminated fuod can be
Jivided into that population near the
saurce of cantamination and a generally
much larger population at distances
where the doses from the cloud are not
significant. The NRC regulations provide
that State and local plaaning regarding
plume expasure should extend for 10
miles and the ingestion pathway should
extend for 50 miles (see 45 FR 35402
August 19, 1880). The toial population
exposed by ingestion. however,is a
function of the animal feed and humun
fuod production of any given ares and is
not limited by distance from the source
of contamination. Exposure {rom
multiple pathways would not be a
concern {or the more distant population
group. Further, individuals in this larger
population would most likely receive
doses smaller than that projected for
.continuous intake because the
contaminated food present in the retail
distribution system would be replaced
by uncontaminated food.

¥FRC Report No. 5 states that, for
repetitive occurrencas, the total
projected radiation dose and the totul
impact of protective actions should be
considered. Similar considerations on a
case-by-case basis would then appeur to
be appropriate in the case of multiple
exposures from the plume and the
ingestion puthway. Accordingly, the
final recommendations are madified to
note that. specifically in the cuse of the
population near the site that consumes
locally grawa produce, limitations of the
total dosc should be considered (see

aragraph (a}(2}). The agency concludes,

owever, that & single unified PAG
covering mulliple pathways, e.g.
external radiation, inhalation, und
ingestion Is not practical because
dilfecent actions und impacts ure
involved. Further, FDA'S responsihility
in radiological incident emergency
reyponse planning extends only to
human food and animal feeds.

The agency’s primary charge is to sct
recommended PAG dose commitment
limits for the food pathway. Thus,

"desiving response levels for only the
radionuclides ost likely 10 enter the
food chain and deliver the highest dose
tn the population permits FDA to .
establish recommendations that are
practical for use in an emergancy. In
discussing with EPA the list of definitive

- e — - -

modela, FDA und CPA s:alls agrecd that
fusther pathwey studies would be
useful, Elsewhere in this satice, FDA
teferences models for other
redionuclides. providing a resouree for
those requiring more details,

The chemical form of radionutlides in
the environment may he impurtant when
consideriig the deriavation of un
appropriate “response level™ in specific
situations. but would not change the
PACG's. which are in terms of projected
dose commitnients. Cyunoc:obalumin Co
80 has not been identified as & likely
constituent of health importunce to be
released from & nuclear reactor uccident
and. therefore, the sgency rejects the
recomnmendation that it provide derived
response levels for this radionuclide.
However, alter reviewing curren!
agricultural and dose mudels, the
agency concludes that cesium-134 would
likely be released and has added it to -
the tables in paragraph (d) of the
recommendations identifying
radionuclide concentrations equivalant
1o the PAG response levels.

FDA rejects the comment
recommending thut the PAG’s include
guidance for water. A memorendum of
understanding between EPA and FDA
provides that FDA will huve primary
responsibility over direct and indirect
additives and nther substances in
drinking water {sce 44 FR 42775: July 20.
1978). Thus, FDA defers to EPA for
developing guides specificully for
drinking water.

3. Three comments requested
clarification of the proposed
recomendationg, including the time
over which the guides apply, the time of
ingestion required to reuch the PAG, and
the time that protective actions should
be implemented.

FDA advises that the
tncommendations are intended to
provide guidance for actions to be
implemented In an emergency, and the
duration of protective action should not
exceed 1 or 2 months, The agency
helieves that the actions identified in
puarugraphs (a) and (h) of the
recommendations should be continued
for a sulliclent time to avoid most of the
emergency radistion dose and to assure
that the remuining dose is less than the
Preventive PAG. This perivd of time tun
be estimated by conaidering the
effective hall-life of the radioactive
material taking into sccount both
rudioactive decay and weathering. Euch
case mus! be exumined seperately
considering the sctual levels of
contamination and the effective half-life
of the radioactive material present. For
the pasture/cow/milk pathway, the
effective half-lives are 5 days for lodine-

131 and 13 days for cesium e stzontiam.
Assuming that initial cuntaminativa Ly
these rudionuclides was at the .
Preventive PAG level, radioactive dee ‘f:} ,
and wuathering would reduce the level -

so that pratective actions could be

erased alter 1 or 2 munths.

‘The model usud to compute the
durived response levels specified in
puragruph {d} of the reconimendations
ussumoes & continous or infinite ingestion
perivd, i.e., intake that is limited only by
radioactive decay and weathering. This
is the approach recommended Ia
estimating the projected radiation dose
{in the gbsence af protective actions.).
Further revisions have been made in the
recommendations to clurily these
aspects.

4. A comment stated that action
should be initiated by notification
received from the facility itself. Another
comment noled the importance of timely
isnnouncements to the public of the
ncceasity for protective actions.

‘These recommendations on protective
action guides fur food und feed are not
intended to cover other aspects of
emergency planning for radiological
incidents. The general responsibilities of
NRC licensevs in radiation emergencies
huve been further deFined in a rule
issued by NRC {45 FR $5402; August 19.
1980). FDA recognizes, however, that
notification and public announcements £
ure vital to effective protective actions
und. in paragraph (e)(5) of the
recommendations, urges that State and
locul emergency plans should provide
for such notice. .

5. A comment offered clarification of
proposed § 1000.400(g) regarding
verification of sample measurements,
while another comment suggested that
Preventive PAG's should be based on
projected levels and that Emergency
PAG.s require verification, - - -

The FRC concepts and philosophy,
which FDA fully endorses, use estimates
of prujected radiation dose as the

reiteriz far taking protective action. FDA
believes that projecled radiation dose
estimates should be based on verified
measurements of radioactivity in the
food pathway. Such verification might
include the analysis of replicate
samples, laborutory measurements,
sample analysis by other agencies,
samples of various environmental
media. and descriptive data of the
radioactive release and has so provided
in paragraph (g) of the.
recommendations. -

6. A commeat suggestcd that some
States do not have the resources to
evaluale projected radiation doses. The
comment asked what regulatory agenc
would have control over interstate
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shipment of contaminated foods fom
States without sufficient resources and
what would be the applicable PAG.
‘FEMA. as the Jead agescy for the
Federal effort. is providing to Slates
guidance and assistance ua emergency
response planaing inzluding evaluation
of projected doses. Alsa, NRC requires
nuclear power plant licensees ta have
the capability to assess the ofl-site
consequences of radicactivity releases
and to provide notilication to State and
local agencies (45 FR 55402 August 18,
1830). FDA has authority under the
Federal Food. Drug. and Cosmetic Act ta
remove radioactively contaminated food
fzom the channels af interstate
commerce. In this circumstance, FOA
would use these PAG recommendations
as the basis for implementing
regulatory action.
Risk Estimmates

7. Many comments questioned the risk
estimates on which FDA based the
proposed PAG’s. The comments
especially suggested that risk estimates
from WASH-1400 (Ref. 4] were of
questionable validity. Other comments
argued that the proposed
reommendations used an analysis of
only lethal effects: that they used an
absolute risk model: and that genetic
effects were not adequately considered.
The risk estimates themselves were
alleged ‘o be erconecus because recent
studies show that doubling doses are
lower than are those suggested by
WASH =1400. The tinea capitis study by
Ron and Modan which indicates an
increased probability of thyroid cancer
at an estimated rodiation dose of 9 rem
1o the thyroid (Rel. §), was cited as
evidence that the PAG limits for the
thyroid were too high. The comments
requested further identification and
suppart for using the critical population
selectad.

Most of these issues were addresscd
in the preamble to the FDA proposal
The final recommendations issued in
this notice employ the most recent risk
estimates {somatic and genetic) of the
National Academy of Sciences
Committee on Biclogical Effects of
lonizing Radiutien {ReL 3).

The thyroid PAG limits are based on
the relative radiation protection guide
{for thyroid compared to whole body
contained in NRC's current regulations
{10 CFR Part 20). Tke derived response
levels for thyroid are based on risk
factors (or external x-ray irradiation.
Therefore, the criticiam of the PAG
limits for the thyroid is not applicable.
no “credit” huving been taken for 2a
apparenl lower radiation risk due to
{odine-131 irradiation of the thyroid
" gland. Further, s discussed above

under “ORGAN PAG VALUES™, the use
of BEIR-1II risk estimates or the [CRP-26
recommendations would result {n an
Increase of the thyroid PAG relative to
the whole body PAG. For these reasons,
FDA telieves the PAC limits for
projected dose commitment to the
thyroid are conservative whea
cansidered in light of current knowledge
of radiation to produce equal.bealth
risks from whole body and specific
organ doses. -
Although it may be desirable to
consider total bealth effects, not just
lethal effects. there is a Jack of data for
total health eects to use in such
comparisons. In the case of the
variability of natural buckground. as en
estimate of acceptable risk,
consideration of lethal effects or total
bealth effects is not involved because
the comparison is the total dose overs
lifetime.
Rational

8. Several comments questianed the
rational FDA used in setting the specific
PAG values included in the December - -
1978 proposzl A comeent om EPA
stated that the guidamce levels should be
Justified oz the grounds that it is not
practical or reasonable to take
protective actions at lower risk leveis.
Further, EPA argued that the protective
action concept for emergency planning
and response should incorporate the
principle of keeping radiation expasures
as low as reasonably schievable
{ALARA). EPA noted that the principle
of acceptable risk involves a perception
of risk that may vary fom personto ...
person and that the irplication that an
acceptable genetic risk has been
established should be avoided.

FDA accepts and endorses the
ALARA concept. but the extent to which
a concept, which s used in occupatiocual
settings. abould be applied to emergency
protective sctions is not clear. Ta use
the ALARA concept as the basis for
specific PAG values and also reguire
ALARA during the icplementation of
emergency protective actions appears to
be redundant and may not be practical
under emergency conditions.

FDA advises that these guides do not
constitute scceptable occupational
radiation dose limits nor do they
constitute acceptable limits for other
applicatians (e.g., acceptable genetic
rizk). The guides are not intended 10 be
used to limit the radiation dose that
people tnay receive but instead are to be
compured to the calculated projected
dose. i.e.. the future dose that the prople
would reeeive if no protective action
were taken in a radiation emmergency. In
this respect, the PAG's represent tngger
levels ealling for the imtiation of

ncommcnded'prat'néﬁve actiona. Oncee
the protective action is initiated, it

- should be executed 50 28 to prevent as

much of ths calculated projected dose
from being received as is reasocably
;chievabl:.h This does not mean,

owever, that all doses above guidance
levels can be prevented. ;.

Further, the guides are not intended to
prohibit taking acticns st projeceed
exposures lower than the PAG walues
They have been derived for generst
cases and are just what their nama
implies, guides. As provided in FRC
R;pom No. 5 and No. 7 and as
discussed in paragraph 1 of this notice,
in the absence of significant consaainta,
responsible autherity ey find it
appropriate to implement low-{rpact
protective actions at projected radiztion

. doses leas than those specified in the

guides. Similarly, high impact actions:
may be justified at higher projected
doses. These judgments onust be made
according to the facts of each sitnaticn.
Paragraphs (a} {2} and (3} have been
added 10 the final recom=endations to .
tncarporate this concept.

8. Severel comments questioned the _ .

adequacy of the level of risi judged
acceptable in deriving the proposed
PAG values. A comment stated that the
estimated cne in a million acousd
Individual risk of death from manal
disasters is extremely conservative. EPA
suggeated that comparative risk is
appropriate for perspective but noc for
establishing the limite. FPA further
suggested that the population-weignted
average of the variability in natural
background dose or the variation in
dose due o the natural radionctivity in
food should be the basis for judging
acceptable risk. I

FDA concludes that the differences
between EPA's suggested approach and
that employed by FDA largely ixvoive
the semantics of the rationale
descriptions. As discussed in the
preamble to the proposal, FDA believes
that safety {or m safe level of risk) needs
to be defined asthe degree to which the
risks are judged acceptable. because it
is not possible to achieve zero risk rom
buman endeavors. Further, ICRP (Ref. 8)
recommends that, for & given
application involving radiation. the net
benefit 10 society should be positive,
considering the total costs aed impacs
and the total benefit (this is termed,
“Justification™). FDA believes that, 1o
establish a PAC, the primary coocem is
to provide adequate protection [or safle
level of risk] for members of the public.
To decide on safety or levels of
acceptable risk to the public froma
contaminating event, FDA introduced -
the estimates of acceptable tisk from
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natural disasters and backarnund
radiation. These values provided |
background ot perspective for FDA's
judgment thal the propused PAG's
represent that level of food or feed

" radiation contamination at which
protective actions should be taken to
protect the public health: judgment
which, consistent with FRC Repart No.
5. also involves consideration of the
impacts of the action and the possibility
of future events. The recommendations
are based on the assumption that the
occurrences of environmental
contamination requiring protective
actions in a particular area is an
unlikely event, that most individuals
will never be so exposed, and that any
individual is not likely to be exposed ta
projected doses at the PAG level more
than once in his or her lifetime.

FDA continues to believe that the
average risks from natural disasters and
variation of background radiation
provide appropriate bases for judging
the acceptability of risk represented by
the Preventive PAG. These .
recommendations incorporste the
philosophy that action should be taken
st the Preventive PAG level of
contamination to svoid & potential
public health problem. Should this
action not be wholly successful, the
Emergency PAG provides guidance for
taking action where contaminated food
is encountered. FDA expects that action
at the Emergency PAG level of
contamination would most likely
invalve food produced for consumption
by the population near the source of
contamination. As discussed in
paragraph 2, this is also the population
which might receive radiation doses
from multiple pathways. Thus, the
Emergency PAG might be considered to
be an upper bound for limiling the total
radiation dose to individuals. FDA
emphasizes, however, that the
Emergency PAG is not s boundary
between safe levels and hazardous or
injury levels of radiation. Individuals
may receive an occupational dose of 5
rem each year over their working
lifetime with the expectation of minimal
increased risks to the individual.
Persons in high elevation areas such as
Colorado receive about 0.04 rem per
year (or 2.8 rem in & lifetime) above the
average background radiation dose for

the United States population as a whole.

The Emergency PAG is also consistent
with the upper range of PAG's proposed
by EPA [or the cloud (plume) pathway
(Ref. 7).

FDA agrees that a population-
weighted variable is as spplicable to the
evaluation of comperative risks asis »
geographic variable. Arguments can be

mide for using either variable. Becuuse
persons rather than geographic arras
are the important paramcter in the
evaluation of risk assaciuled with these
guides, FDA has used population-
weighting in estimating the variability of
the annual external dose from natural
radiation. A recent EPA study (Ref. 20)
indicates that the average population
dose from external background
radiation dose is 53 millirem (mrem) per
year. and the variability in lifclime dose
taken as two standard deviations is
about 2,000 mrem. The proposal, which
indicated that the variation in external
background was about 600 mrem. -
utilized & geographic weighting of State
averagcs.

Radioactivity in food contributes
about 20 mrem per year to average
population doses and aboul 17 mrem per
ycar of this dose results from potassium-
40 (Rel. 8). Measurements of potassium.
40 (and stable potassium) indicate that
variability (two standard deviations) of
the potsssium-40 dose is about 28
percent or g lifetime dose of 350 mrem. It
should be noted that body levels of
potassium are regulated by metabolic
processes and not dietary selection or
residence. The variation of the internal
dose is about one-fifth of the variation
from external background radiation.
FDA has retained the proposed
preventive PAG of 500 mrem whole
body even though the newer data
indicate a greater variation in external
background radiation.

FDA did not consider perceived risks
in deriving the proposed PAG values
because perceived risk presents
numerous problems in its
apprapriateness and application. If the
factor of perception is added to the
equation, scientific analysls is
fmpossible,

10. Two comments questioned the
assumptions that the Emergency PAG
might apply to 15 million people and
that the Preventive PAG might apply to
the entire United States. One comment -
noted that 15 million persons are more
than that population currently within 25
miles ol any United States reactor sites:
thus, using this figure resulls in guides
more restrictive than necessary. The
other comment noted that, by reducing
the population invelved, and
unacceptably high value could result.

‘The ratio of total United States
population to the maximum number of
people in the vicinity of an operaling
reactor could be erroneously interpreted
so that progressively smaller
populations would be subject to
progressively larger individual risks.
This is not the intent of the
recommendations. Hence, the risk from

‘ingestion of food. have becn used to

natural disasters, the variation in the
pupulation-weighted natural backgroun#
radiation dase to the total population.
und the variation in dose due to

provide the basis for the Preventive
PAG. The basis for the Emergency PAG
involves considerations of (1) The ratio
betwecn average and maximum
individua! radiation doses {taken as 1 to
10), (2} the cost of low and high impact
protective actions, [3) the relative risks
from natural disasters, (4) health impact,
(5) the upper range of the PAG's
proposed by EPA (S5 rem projected
radiation dose to the whole body and 25
tem projecied dose to the thyroid). and
(6) rudiation doscs from multiple
pathways.

11. A comment, citing experience with
other contaminants, suggested that
further consideration should be given 1o
the problem of marketability of {oods
contuining low levels of radioactivity.

Marketability is not a concern for
PAG development. However, the
publication of the PAG's should enhance
marketability of foods because it will
enharnce public conlidence in food
sufety. Also, FEMA has been
specifically directed to undertake a
public information program related to
rudialion emergencies o allay public
feurs and perceptions.

12 A comment noted the difficulty ir £ 7
assessing the impacts of and the
benefits to be gained from protective
actions. Another comment suggested
that there were lower impact actions
which could be implemented to keep
{ood off the market until radiation levels
in the food approsch normal
background.

The recommendation that planning
officials consider the impacts of
protective actions In implementing
action does not imply that a
mathemalical analysis is required.
Rather, FDA intends that the local
situation, resources, and impacts that
are important in assuring effeclive
protective actions be considered in
sclecting any actions to be implemented.
As discussed in paragraph 8, if the local
constraints permit & low impact action,
this can be appropriate at lower
projected doses. Because it is not
possible in general guidance to consider
fully all loca) constraints, the PAC's
represent FDA's judgment as o when
protective actions are appropriate.

Agricultural and Dose Models

13. Several comments noted errors
either in approach or calculations
regarding the proposed agricultural and O

dose models, while others specifically
noted that there are newer and better
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. models for use in computation of the

derived response levels.
FDA appreciates the careful review

- and the suggestions as to belter data

and models, The references suggested.
as well as other current reports, have
been carefully reviewed and appropriate
ones are being used as the basis for
computation of the derived response
levels for the final PAG's. The specific
models and duta being used are »s
follows: g

A‘sﬁmhuul Model~-UCRL-51330, 1977
(Ref. 9).

{ntake per unit deposition—~Tuble B-1,
UCRL-51939 (Rel 0).

Peak milk sctivity—Equstion & UCRL~
51939 (Rel. 9).

Arsa gruzed by cow—4S square meters/

day. UCRL-51839 (Ref. 9).

Ininal reteation on forage—0.5 fracton,

UCRL-31839 [Ref. 0). .

Foruge yield—0.25 kilogram/square meter
{dry weight), UCRL~$1834 (Ref. 9).

* Milk consumption=—0.7 liter/drxy infant,
ICRP-23, 1973 (Rel. 10):=—0.55 liter/day adult.
USDA. 1965 {Ref. 11).

Dose conversion [actary {rem per
microcurie ingested).

| Py e

Cotawn- 134l 01991 0008 | AGA—DRNL/NURED/

-1 1]
0012

S0 ' 240 070 | inter, Papworty and

The use of the newer agriculturyl
model (Ref. 9) has resglted ina 20
prrcent increase in the iodine-131
derived response levels identified in
paragraph {d}{1) and (d)(2) of the
rrcommendations. Generally, similar
magnitnde changes are reflected in the
derived response levels for the other
radionuclides. Newer data on iodine-131
dose conversion factors {Rel, 17) would
have further increased the derived

. response levels for that radionuclide by

about 40 percent. but these data have
naot been used pending their scceptance
hy Uniled States recommending
suthorities. In addition. the proposal
rontained a systematic error in that the
pusture derived response levels were
slated 1o be based on fresh weight but
were in fact based on dry weight, Fresh
weight values (X of dry weight values)
ure identified in the final

recommendations and are listed under
“Forage Concentration™.

Other Comments

14. A comment addressed the
definition of the critical or sensitive
population for the tables in proposed
§ 1090.400(d) and observed that there is
a greater risk per rem to the younger age
groups than to adults. Another comment
requested further explanation of the
relative ability 1o protect children and
adults. .

FDA agrees thal, ideally, the critical
segment of the population should be
dafined in terms of the grestest risk per
unit intake. However, this would
introduce greater complexity ioto the
tecommendations than is justified,
because the risk estimates are uncertain.
The final recommendations provide
derived response levels for infants at the
Preventive PAG ard infants and adults
for the Emergency PAG.

FDA has reexamined the available
data and concludes that taking action at
the Preventive PAG (based oa the infant
us the critical or sensitive population)
will also provide protection of the fetus
from the mather's ingestion of milk. The
definition of newbom infant in the
tables in paragraph (d) of the PAG's has
been revised to reflect this conchesion.

15. EPA rowmested that its
regulations governing drinking water (30
CFR Subchapter D) permit blending of
witer {0 meet maximum contaminant
levels. EPA suggested that FDA's short-
term recornmendations should be
compatible with the long-term EPA
regulations. -

As stated in paragraphs 1 and 2 of this
notice, FDA's recommendations apply to
human food and animal feed, whereas
EPA is responsible for providing
guidance on contuminated water. Also,
as discussed in paragraph 3 of the
propasal, there is a long-standing FDA
policy that blending of food is unlawful
under the Federal Fnod. Drug. and
Cosmetic Act. Further, these guides are
intended for protective actions under -
emergency situations and are ant for
continuous exposure appliutinas. For
these reasons, FDA concludes that the
differences between its
recommendations and EPA’s regulations
ure uppropriste,

16. Two comments were received on
the adegquacy or availability of
resources for sampling and analysis of
State, Jocal. and Federal ogencies and
the adequacy of guidance on sampling
procedures.

These recommendations are not
designed to provide & compendium of
sampling techaiques, methods. or
resources. The Department of Energy
through its Interugency Radiological

Assistance Plan [IRAP) coordinates the
provision of Federsl astistance and an
Offsite Instrumentation Task Force of
the Federal Radiological Preparedness
Coordinating Committee administered
by FEMA is developing specific
guidance on instrumentation and
methods for sampling food (Ref. 21).

Cost Analysis

17. Several comments argued that
FDA's cost/benefit analysis used to -
establish the PAG levels was
inadequate. Comments stated that it is
no! appropriate (o assign a unigue fixed
dollar value 1o the adverse health
effects associated with one person-tem
of dose.

FDA advises that its cost/benefit
analysis was not conducted o establish
the PAG levels. FDA considers such use
inappropriate in part because of the
inability to essess definitively the totatl
sacietal impacts (positive and nagative)
of such actions. Rather, the cost/bepefit
analysis was used (o determine whether
protective actions at the recommendaed
PAG's would provide a net societal .
benelit To make such an assessment, it
is necessary to place 2 dollsr yelve ona
person-rem of dose, ’

18. Several comments also questioned’
the appropriateness of the assumption in
the cost/benefit analysis of 23 days of
protective action. the need to address
radionuclides other than iodine-131, and
the need to consider the impact of other
protective actions.

The cost assessments have been
extensively revised to consider all the
radionuclides for which derived
tesponse levels are provided in the
recommendations and o incorporate
updated cost data and risk estimates
(Ref, 22). The cost/benefit analysis ia
limited to the condemnation of milk and
the use of stored feed because accident
anulyses indicate that the milk pathway
is the most likely to require protective
action, Further, these two actions are
the most tikely protective actions that
will be implemented.

FDA approached the cost/benefit
analysis by calculsting the
concentration of radioactivity in milk at
which the cust of taking action equals
the risk avoided by the action taken on
a daily milk intake basis. The
assessment was done on a population
basis and considered only the direct
costs of the protective actions. The
analysis indicates that, for restricting
feed to stored feed. the cosi-equals-
bencfit concentrations are about one-
fifticth tn one-cightieth of the Preventive
PAG level {derived peak milk
concentiition) for jodine-131, cesium-
134. and cesium-137 and about one-third
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of the level for strontium-89 and
strontium-B0. For condemnation of mitk,
based on value at the farm, the cost-
cquuls-benefit concentrations are
similar fractions of the Emergency PAG
levels (derived peak milk
concentration). If condemnation of milk
is based on retail market value, the cost-
equals-benelit concentralions are
greater by a factor of two. Thus. it
appears that protective actions at the
Preventive or Emergency PAG Jevels
will yield & net societal benefit.
However, in the case of strontium-89
and strontium-90, protective action will
yield a benefit only for concentrations
greater than aboul one-third the derived
pesk values. In the case of iodine-131,
cesium-134, and cesium-137, protective
actions could be continued to avoid 95
percent of the projected radiation dose
for initis] peak concentrations at the
PAG level

Relersnces

The [ollowing information has been pluced
on display in the Dockets Management .
Branch (HFA-30S). Food and Drug
Administration, Rm. 4-62. 5600 Fishers Lune,
Rockville, MD 20857, and may be seen
between § a.m. and 4 p.m., Monday through
Friday,

1. Federsl Radistion Council. Memorsndum
for the President, "Radistion Protection
Guidance for Federsl Agencies.” Federal .
Register, August 22. 1964 (29 FR 12056). and
Report No. 8 (July 1984).

2. Federal Radistion Council. Memorsndum
for the President, “Radiation Protection
Cuidsnce for Federal Agencies,” Feders!
Register,” May 22, 1965 {30 FR 6233). and
Report No. 7 (May 1965). °

3. National Academy of Sciences/National
Research Council, “The Effects on Population
of Exposure to Low Levels of lonizing
Radiation.” Report of the Advisory
Committee on Biclogical Effects of lonizing
Radiation (BEIR-{1I) {1560}

4. United Siates Nuclear Regulatory
Commission. Resctor Safety Study. WASH-
1400. Appendix VI (October 1978).

S. Ron. E. and B. Modan, “Benign snd
Malignant Thyroid Neoplasms After
Childhood Lrradistion for Tines Capitis.”
Journol of the National Concer Institute, Vol.
85. No. 1 {July 1680}

6. International Commission on
Radiological Protection (ICRP).
Recommendations of the International
Commission en Radiclogical Protection. ICRP
Publication 28, Annals of the ICRP. Pergamon
Press [1877).

7. Environmental Protection Agency.
“Manual of Protective Action Guides and
Protective Actions for Nuclesr Incidents.”
EPA 520/1-73-001, revised June 1980.

8. United Nations Scientific Committee on
the Effects ol Atomic Radistion, 1977 Report,
United Nations. New York {1877).

9.Ng. Y. C. C. S. Colsher. D. ]. Quinn. and
S. E Thompson, “Transler Coeflicients for
the Prediction of the Dose 1o Man Via the
Forage-Cow-Milk Pathway from
Radionuclides Released to the Biosphere.”

UCRL~51939, Lawrence Livermore
Laboratory July 15.19°7}

10. International Commission on
Radiological Protection. Report of a Task
Group of Commitice 2 on Reference Man,
Publicution 23, p. 360 Pergamon Press.
Oxford (1974).

11. U.£ Depariment af Agriculture,
“Household F. »d Consumphion Survey 1965
1968." :

12. Wellman. H. N. snd R. T. Anger.
“Radiciodine Donimetry and the Use of
Radioiodines Other Thun '"11n Thyrord
Diagnosis.” Semunars in Nuclear Medicine.,
3:356 {1971). .

13. Killough, G. G.. D. E. Dunning. S. R.
Bernard. and |. C. Pleasant, “Estimates of
Internal Dose Equivalent to 22 Target Organs
for Rudionuclides Occurning in Routine
Releases from Nuclear Fuel-Cycle Facilities.
Vol. 1.” ORNL/NUREGC/TM-190. Oak Ridge
Nutionul Laboratory (june 1978].

14. National Counci! on Radiation
Protection and Measurements, “Cesium-137
From the Environment to Man: Metabolism
and Dose.” NCRP Report No. 52. Washington
{lanusry 18, 3977).

1S. International Commission on
Radiological Protection, Limits for Intakes of
Radionuclides by Workers. ICRP Publication
30. Part 1. Annals of the ICRP, Pergamon
Press {1879). .

18. Papworth. D. C.. and J. Vennart,
“Retention of *Sr in Human Bone at Different
Ages and Resulling Radiation Doses,”
Physics in Medicine and Biology. 18:169-186
{1873).

17. Kereiskes, |. .. P. A. Feller. F. A.
Ascoli. S. R. Thomas. M. J. Gelfand. and E. L.
Saenger. “Pediatric Rudiopharmaceutical
Dosimetry™ in *Radiopharmaceutical
Dosimetry Symposium.” April 26-29. 1976.
HEW Publicstion [FDA) 78-8044 [June 1978).

18. National Academy of Sciences/
Nations! Resesrch Council. *The Elfects on
Populations of Exposure 10 Low Levels of
lonizing Radiation,” Report of the Advisory
Committee on Biological Effects of lonizing

‘Radiation (BEIR-1} (1972].

19. Nationa! Council on Radiation
Protection and Meesurements [NCRP). “Basic
Radiation Protettion Criteria,” NCRP Report
No. 39, Washington {1971).

20. Bogen. K. T.. end A. S. Coldin.
“Population Exposure 1o External Natural
Radiation Background in the United States.”
ORP/SEPD-80-12. Environmental Protection
Agency, Washington, DC [April 1981).

21. Federal Interagency Task Force on
Offsite Emergency Iastrumentation for
Nuclear Accidents, “CGuidance on Offsite
Emergency Radiation Measurement Systems:
Phase 2, Monitoring and Measurement of
Rudionuclides to Determine Dose
Commitment in the Milk Pathway.”
developed by Exxon Nuclear [dsho Co. Inc..
1daho Falls. ID, Draft, July 1981 {10 be
published by FEMA).

22 Shieien, B, C. D. Schmidt. and R. P.
Chiacchierini, “Background for Protective
Action Recommendslions; Accidental
Radioactive Contsmination of Food and
Anims] Feeds,” September 1961, Department
of Health snd Human Services. Food and
Drug Administration, Buresu of Radiological
Health, Rockville. MD.

Pertinent buckground data and
information on the recommendations are
on file in the Dockets Management
Branch. and copies are available from
that olfice {nddress above).

Based upon review of the comments
received on the proposal of December
15. 1978 {43 FR 58790). and FDA’s [urther
consideration of the need 1o provide
guidance to State and local agencies for
use in emergency response planning in
the event that an incident resulls in the
radioactive contamination of human
food or anima! feed. the ugency offers
the fullowing recommendations
reparding protective action planning for
human food and animal {eeds:

Accidental Radiosctive Contamination
of Human Food and Animal Feeds;
Recommendations for State and Local
Agencies

(#) Applicability. (1) These
recommendations are for use by
appropriate State or local agencies in
response planning and the conduct of
radiation protection activities involving
the production. processing. distribution,
and use of human food and &nimal feeds
in the event of an incident resulting in
the lease of radioactivity to the
environment. The Food and Drug
Administration {FDA) recommends that
this guidance be used on a case-by-case
basis to determine the need for taking
appropriate protective action in the
event of a diversity of cuntaminating
events, such as nuclear facility
accidents, transportation accidents, and
fullout from nuclear devices.

{2} Protective actions ére appropriate
when the health benefits associated
with the reduction in exposure to be
achieved are sufficient to offset the
undestrable features of the protective
actions. The Protective Action Guides
[PAG's) in paragraph (c) of these
recommendations represent FDA's
judgment as to the level of food
contamination resuliing from radiation
incidents at which protective action
should be taken to protect the public
health. Further, as provided by Federal
guidance issued by the Federul
Radiation Council. il, in a particular
situation, and elfective action with low
total impact is available, initiation of
such action at a projected dase lower
than the PAG may be justifiable. If only
very high-impact action would be
effective, initiation of such action at a
projected dose higher than the PAG may
be justifiable. (See 29 FR 12056: August
22.1964.) A basic assumption in the
development of protective action
guidance is that & condition requiring
protective action is unusual and should
not be expected 1o occur frequently.




Federal Register / Vol. 47, No. 205 / Friday, October 22, 1882 / Notices

47081

Circumstances that involve repetitive
occurrence, & substantial probability of
recurrence within a period of 1 o7 2
years, or expasure from multiple sources
{such as airborne cloud and food
pathway) would require special
consideration. In such a case, the lota)
projected dose frum the several event!s
and the totul impuct of the protective
aclions that might be tuken to avoid the
future dose from one or more of these
events may need to be considered. In
any event, the numerical values selected
for the PAG's are not intended to
suthorize deliberate releascs expected
1o result in absorbed doses of these
magnitudes.

{3] A protective action is an action vr
measure taken to avoid most of the
radistion dose that would occur from
future ingestion of foods contaminated
with radiocactive materials. These
recommendations are intended for
implementation within hours or duys
from the time gn emergency is
recognized. The action recommended to
be taken should be continued for a
sufficient time to avoid most of the
projected dose. Evaluation of when (o
cease.a protective sction should be
made on a case-by-case basis
considering the specific incident and the
food supply contaminated. In the case of
the pasture/cow/milk/person pathway,
for which derived “response levels™ are
provided in paragraph (d] of these ~
recommendations, it is expected that
actions would not need to extend
beyond 1 or 2 months due to the
reduction of forage cancentrations by
weathering (14-day hall-life assumed).
In the case of fresh produce directly
contaminated by deposition from the
tloud. sctions would be necessary at the
time of harvest. This guidance is not
intended to apply to the problems of
long-term food pathway contamination
where adequate time after the incident
is available to evaluate the public health
consequences of food contamination.

‘using current recommendations and the

guidance in Federal Radiation Council
{FRC) Report No. 5, July 1964 and Report
No. 7, May 1965,

_ (b) Definitions. (1} “Dose™ Iu general
term denoling the quantity, of radiation
or energy absorbed. For special

..purposes it must be appropristely .

qualified. In these recommendations it
vefers specifically to the term “dose
equivalent.” :

{2) “Dose commitment™ means the
radiation dose equivalent received by
an exposed individual to the organ cited
over a lifetime from a single event.

{3) “Dose equivalent” is a quantity
that expresses all radiation on a.
common scale for calculating the
elfective absorbed dose. It is defined as
the product of the absorbed dose in rads
and certain modifying factors. The unit
of dose equivalent s the rem.

{4) “Projected dose commitment™
means the dose commitment that would
be received in the future by individuals -
in the population group from the
contaminating event if no protective
sction were taken.

{5] “Protective action™ means an
action taken to avoid most of the
exposure 1o radiation that would occur
from future ingestion of foods
contaminated with radioactive
materials. |

(6) “Protective action guide (PAG)”
means the projected dose commitment
values to individuals in the general
population that warrant protective
action following & release of radioactive
material. Protective action would be
warranted if the expecled individual
dose reduction is not offset by negative
social, economic, or health effects. The
PAG does not include the dose that has
unavoidably occurred before the
assessmenl. ' o

(7) “Preventive PAG™ Is the projected
dose commitment value at which
responsible officials should take
protective actions having minimal ipact
1o prevent or reduce the radioactive
contamination of human food or animal
feeds.

{8) “Emergency PAG" is the projected
dose commitment value at which
responsible officials should isolate food
containing radioactivity to prevent its
introduction into commerce and at

which the responsible officials should
determine whether condemnation or
gnother disposition is appropriate. At
the Emergency PAG, higher impact
actions are jusiified because of the
projected health hazards. *

{9) “Rad" means the unit of absorbed
dose equal to 0.01 Joule per kilogram in
any medium. LR

(10] “Rem” is a special unit of dose
equivalent. The dose equivalent in rems
is numerically equa) to the absorbed
dose in rads multiplied by the quality
factor, the distribution factor. and any
other necessary modifying factors.

{11} “Response level” means the:
activity of a specific radionuclide (i)
initially deposited on pasture; or {ii} per
unit weight or volume of food or animal
feed: or (iii) in the total dietary intake
which corresponds to & particular PAG.

{c) Protective action guides (PAG's).
To permit flexibility of action for the
reduction of radiation exposure to the
public via the food pathway due o the
occurrence of & cantaminating event, the
following Preventive snd Emergency
PAG's for an exposed individual in the
population aze adopted:

(1) Preventive PAG which is (i) 1.5
rem projected dose commitment to the
thyroid. or (ii) 0.5 rem projected dose’
commitment to the whole body, bone
marrow, or any other orﬁn.

(2) Emergency PAG which is (i) 15 rem
projected dose commitment to the
thyroid. or {ii} 5 rem projected dose
commitment to the whole body, bane
marrow, or any other orgen.

(d) Response levels equivalent to
PAG. Although the basic PAG
recommcendations are given in terms of
projected dose equivalent, it is often
more convenient to utilize specific
radionuclide concentrations vpon which
to initiate protective action. Derived
response levels equivalent to the PAG's
for radionuclides of interest are:

(1) Response level for Preventive
PAG. Infant ! as critical segment of
population.

YNewbom infant tncludes fetus (pregnant
women] &3 cntical segment of popul fo~ iodi
331, For other rsdionuclides. “infant™ relers 10 child
less than 1 yest of age.

. _ __Pescorme teven ko preverve PAG 12919 1 13aae [ 13700 | oy | es
rvanl Acovty Aes D.;anm WM meter 013 2 3 oS |
Forwge Concerareeon * prrocunas/sdog 005 o8 13-] o 3

1:-., ) ec1s| o1s| o2e ooos{ o014
rane recrocunes) oo s |7 02 28

SFrom laficag, loce-131 s e orvy

of "
mr&n‘:mdm-l:lwmﬂ?

20 ik [

yord S fret Gay. In Coas O 8 reecKr BCCIIN, The Crmuiaive sitare Of WONe-137 va

wniy
SIMens Of Comm Vit T8 Megi/Derson Pelveey K0f Schits May Suceed Tt Of The Mk DETrwey, TMrelore, SUCH VIS 1N Il SAOU COURS Tvedana Brd DrOYECIVe acoms Ky Meet &8

wie. ¥ both

ﬂlwcmlv-omw-umummhmwhmmmnmh-mdm



47082

Federal Register / Vol. 47, No. 205 / Friduy. October 22, 1982 / Notices

(2) Response level for Emergency PAC. The response levels equivalent to the Emergency PAG ure presented fur both
infanis and adults to permit use of either level and thus assure a fiexible approach to taking aclion in cuses where exposure

of the most critical portion of the population (infants and pregnant women) can be prevented:
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{e) Implementation. When using the
PAG's and associated response levels
for response planning or protective
actions, the following conditions should
be followed:

(1) Specific food items. To obtain the
respense level (microcurie/kilogram)
equivalent to the PAG for other specific
foods, it s necessary to weigh the
contribution of the individual food 1o the

Food

‘total dietary intake: thus, Tow - iom

? ¢ Sl W Vo ey of

Res leﬂ-- Total intake {microcuries)  whow fad Ml D ench dery proocs ore "
po.nu - Consumption (kilugrams)

Where: Total intake (microcuries) for the
sppropriste PAG and radionuclide is

given in paragraph (d) of these
ncon:m tions
8

Consumption is the product of the sverage
daily consumption specified in paragraph
{e)(1}1) of these recommendutions and
the days of intake of the contaminated
food as specilied In peragraph (e){1)(ii) of
these recommendations.

(i) The daily consumption of specific
foods in kilograms per day for the
general population is given in the
following table:

axzsseneysey [P

I

i
I
{
]
|

(U) Assessment of the effective duys
of intake should consider the specific
food. the population involved. the food
distribution system, and the
sadionuclide. Whether the food 33
distributed to the retail market or
produced for home use will sipnificantly
«lTect the intake in most instances.
Thus, while assessment of intake should
be un a case-by-case busis, some
genera) comments may be useful in
specific circumstances.

(a) For short hall-life rudionuclides.
radioactive decay will limit the
ingestion of radioactive materials and
the eflective “days of intake™. The
elfective “days of intake™ in this case is
1.44 times the radiological half-life. Far
jiodine~131 (hall-life—8.05 days). the
effective “days of intake™ is, thus. 11
days.

{5) Where the foud product is being
hurvested on a daily basis, it may be
reasonable to assume reduction of
contamination due to weathering. As an
initial assessment, It may be appropriate
to assume a 14-day weathering half-life
{used for forage in pasture/cow/milk
pothway) pending further evaluation. In
this case, the effeclive “days of intake™
is 20 days. A combinalion of radioactive
decay and weathering would result in
an efTective hall-life for iodine-131 of 8
days and reduce the “days of intake™ to
7 days.

(¢) In the case of a food which is sovld
in the retail market, the e[fective “days

Adunt
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of ntiake™ would probably be limited by
the quantity purchased at & given time.
For most food, especially fresh produce,
this would probably be about a 1 week
supply. In some cases, however, lurger
quantities would be putchased far home
canning or freezing. For most [oods and
members of the public. an effective
*days of intake™ 30 days is probably
conservative. . . .. .

(iii) For population groups having
signilicantly different dielary intakes. an
appropriate adjustment of dietary
fuctors should he made.

{2) Rodianuclide mixtures. if »
mixture of radionuclides is present. the
sum of «ll the ratios of the concentration
of each specific radionulide to its
specific response level equivalent to th-
PAG sbould be less than one.

{3) Other radianuclides. The fesponse
level for the Preventive and Emergency
PAG for other radionuclides should be
calculated from dose commitment
factors available in the literature
(Killough, G. G.. et al., ORNL/NUREG/

.TM-190 (1478) (adult only). and U.S.
Nuclear Regulatory Commission Reg.
Cuide 1.109 (1977)). ~

-{4) Other critical organs. Dose
commitment factors in U.S. Nucleer
Regulatory Commission Reg. Guide 1.109
(1977) refer Lo bene rather than bone
marrow dose commitments. For the
purpose of these recommendations, dose
commitment to the bone marrow is
considered to be 0.3 of the bone dose
commitment. This is based on the ratio
of dose rate per unit activily in the bone
marrow to dose rate per unil activity in
a small tissue-filled cavity in bone and
assumes that strontium-80 is distribated
only in the mineral bone (Spiers, F. W,
et al. in “Biomedics! Implications of
Radiostrontium Expasure.” AEC
Symposium 25 (1972). The ratio for
strontium~89 is the same becanse the

* mean particle energics are similar (0.56

MeV (megaelectronvolts)). Situations
could arise in which an orgun ather thar __—.
those discussed in this paragraph coul O
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be considered to be the organ receiving

. the highest dose per unit intake. In the

case of exposure via the food chain,
depending on the radionuclide under
consideralion, the gastrointestinal tract -
could be the primary organ exposed.
The references cited in parsgraph (e)(3]
of these recommendations contein dose
commitment factors for the following
organs: bone, kidneys, liver, ovaries,
spleen, whole body, and gastrointestinal
tract,

{5) Prompt notification of State and

. Joca] mgencies regarding the occurrence

of an incident having potential public
health consequences is of significant
value in the implementation of effective
protective actions. Such notification is
particularly important for protective
actions fo prevent exposures from the
airbome cloud but is also of value for
food pathway contamination.
Accordingly. this protective action
guidance should be incorporated in
State/local emergency plans which
provide for coordination with nuclear
facility operators including prompt
notification of accidents and technical
communication regarding public health
consequences and protective action.

(f) Sampling parameter. Generally,
sites for sample collection should be the
retail market. the processing plant, and
the farm. Sample collection at the milk
processing plant may be more effcient in
determining the extent of the food
pathway contamination. The geographic
area where protective actions are
implemented should be based on
considerations of the wind direction and

. atmospheric transport, measurements by

airborne and ground survey tzama of the
radioactive cloud and surface
deposition, and measurements in the
food pathway.

(g) Recommended methods of
analysis. Techniques for measurement
of radionuclide concentrations should
have detection limits equal to or less
than the response levels equivalent to
specific PAG. Some useful methods of
radionuclide analysis can be found in:

(1) Laboratory Mcthods—"HASL
Procedure Manual,” edited by John H. -
Harley, HASL 300 ERDA, Health and
Safety Laboratory, New York, NY, 1973;
“Rapid Methods for Estimating Fission
Product Concentrations in Milk,” US.
Department of Health. Education, and
Welfare, Public Health Service
Publication No. 999-R~-2. May 1963;
“Evaluation of lon Exchange Cartridges
for Field Sampling of lodine-131 in
Milk,” Johnson, R. H. and T, C. Reavy,
Nature, 208, (5012): 750-752, November
20, 1965; and

(2) Field Methods—Xeamy, C. H.,
ORNL 4900, Novemmber 1973; Distenfeld,
C. and ]. Klemish, Brookhaven National
Laboratory. NUREG/CR-0315.

December 1678; and International
Atomic Emergy Agency, “Environmental
Monitoring in Emergency Situations,”
1966. Anslysis need not be limited to
these methodologies but should provide
comparsble results. Action should not
be taken without verification of the
enalysis, Such verification might include
the anzlysis of duplicate samples,
laborsjory messurements, sample
analysis by other sgencies. sample
analysis of various environmental
media, and descriptive data on

. radioactive release. .

{h) Protective actions. Actions are
sppropriste when the health benefit
associated with the reduction in dose
that can be achieved is considered to
offset the undesirable health, economic,
and social factors. It is the intent of
these recommendations that. not only
the protective actions cited for the
Emergency PAG be iniliated when the
equivalent response levels are reached.
but also that actions seppropriate at the
Preventive PAG be considered. This has
the effect of reducing the period of time
required during which the protective
action with the greater economic and
social impact needs to be taken. FRA
recommends that once one or more
protective actions are initiated, the
action or sctions continue for s
sufficient time 10 avoid most of the
projected dose. There is & longstanding
FDA policy that the purposeful blending
of adulterated food with unadulterated
food is a violation of the Federal Food,
Drug. and Cosmetic Act. The following
protective actions shiould be considered
for implementation when the projected
dose equals or exceeds the appropriate
PAG:

{1) Preventive PAG. (i) Fur pasture: (g)
Removal of lactating dairy cows from
contaminated pasturage and

substitulion of uncontaminated stored
feed. :

(b) Substitute source of
uncontaminated water,

{ii}) For milk: (a) Withholding of
contaminated milk from the market to
allow radioactive decay of short-lived
radionuclides. This may be achieved by
storage of frozen fresh milk, frozen
concentrated milk. or [rozen
concentrated milk products.

(&) Storage for prolonged times at
reduced {émperatures also is feasible
provided ultrahigh temperature
pasteurization techniques ure employed
for processing (Finley. R. D.. H. B.
Warren, and R. E. Hargrove, “Storage
Stability of Commercial Milk,” Journal
of Milk and Fuod Technovlogy.
31{12):382-387, December 1968).

{c) Diversiun of Nuid milk for
production of dry whole milk, nonfat dry

milk, butter, cheese, or evaporated milk.

(1ii) For fruits and vegetables: (a)
Washing, brushing. scrubbing. or peeling
to remove surface contamination.

{5) Preservation by canning, freezing..
and dehydration or storage to permit
redicactive decay of short-lived
radionuclides.

(iv) For graina: {a Milling snd (b}
polishing.

{v) For other food products, processing
to remove surface contamination.

{vi} For meat and mea! products.
intake of cesium-134 and cesium-137 by
an adult via the meat pathway may
exceed that of the milk pathway:
therefare, levels of cesium in milk
approaching the “response level™ should
cause surveillance and protective
sctions for meat as appropriate.

(vii) For animal [eeds other than
pasture, action should be an a case-by-
case basis teking into consideration the
relationship between the radionuclide
concentration in the animal feed and the
concentration of the radinnuclide in
human food. For hay and silage fed to
lactating cows, the concentration should
not exceed that equivalent to the
recommendations for pasture, _ .

2) Emergency PAG. Responsible
officials should isolate food containing
radioactivily to prevent its introduction
into commerce and determine whether
condemnation or another disposition is __,
appropriate. Before taking this action,
the following factors shoyld be
considered:

(i) The availability of other possible
protective actions discussed in
paragraph (h)(1) of these -
recommendations.

(ii) Relative proportion of the total
diet by weight represented by the item
in question.

(iii) The importance of the particular
food in nutrition and the availability of
uncontaminated food or substitutes
having the same nutritional properties.

(iv) The relative contribution of other
foods and other redionuclides to the
total projected dose.

{v) The time and effort required to
ellect corrective action.

This notice is issued under the Public
Health Service Act (secs. 301, 310, 311,
58 Stat, 691-893 as smended, 88 Stat. 371
(42 U.S.C. 241, 2420. 243}) and under
authority delegated 1o the Commissioner
of Food and Drugs (21 CFR 5.10).

Dated: October 11, 1982
Arthur Hull Hayes, Jr.,
Cummussioner of Food and Drugs.
(TR Doe K2.28588 Filed 10-31-62. K 43 am]
BILING CODE 4160-01-M




CHAPTER 4

" Protective Actiox;fx Guides for the Intermediate Phase
(Deposited Radioactive Materials)

4.1 Introduction

Following a nuclear incident it
may be mnecessary to temporarily
relocate the public from areas where
extensive deposition of radioactive
materials has occurred’ until
decontamination has taken place. This
chapter identifies the levels ~ of
radiation exposure which indicate when
relocation from contaminated property

. is warranted..

The period addressed by this
chapter is denoted the "intermediate
phase.” This is arbitrarily defined as

. the period beginning after the source

and releases have been brought under
control. and environmental
measurements are available for use as
a basis for decisions on protective
actions. and -extending until these
protective actions are terminated. This
phase may overlap the early and late
phases and may last from weeks to
many months. For the purpose of dose
projection, it is assumed to last for one
year. Prior to this period protectlve
actions will have been taken based
upon the PAGs for the early phase. It
is assumed that decisions will be made
during the intermediate: phase
concerning whether particular areas or
properties from which persons have

‘been relocated will be decontaminated

and reoccupied, or condemned and the

occupants permanently relocated.
These actions will be carried out during
the late or "recovery” phase.

Although these Protective Action
Guides (PAGs) were developed based
on expected releases of radioactive
materials characteristic of reactor
incidents, they may be applied to any
type of incident that can result in
long-term exposure of the public to

. deposited radioactivity.
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. PAGs are expressed in terms of
the projected doses above which
specified - protective  actions are
warranted. In the case of deposited
radioactivity, the major relevant
protective action is relocation. Persons
not relocated (i.e., those in less

- contaminated areas) may reduce their

dose through the application of simple

.decontamination techniques and by

spending more time than usual in low
exposure rate areas {(e.g., indoors).

The PAGs should be considered
mandatory only for use in planning,
e.g., in developing radiological
emergency response plans. During an
incident, because of unanticipated local
conditions and constraints, professional
judgment by responsible officials will
be required in their application.
Situations can be envisaged, where
contamination from a nuclear incident



occurs at a site or time in| which
relocation of the public, based |on the
recommended PAGs, would be
impracticable. Conversely, under some
conditions, relocation may bd quite
practicable at projected doses below the
PAGs. These . situations i'eqmre
judgments by those responsible for
protective action decisions at tHe time
of the incident. A discussion|of.the
implementation of these PAGs is
provided in Chapter 7.

The PAGs for relocation ecxﬁed
in this chapter refer only to estxmates
of doses due to exposure during ‘the
first year after the incident. ‘posure
pathways include external exposure to
radiation from deposited radmdchvxw
and inhalation of resuspended
radioactive materials. Protectwe
Action Guides for ingestion exposure
pathways, which also apply dunng the
intermediate phase, are discussed
separately in Chapter 3.

Individuals who live in| areas
contaminated by long-lived
radionuclides may be exposed  to
radiation .from these materials, at a
decreasing rate, over the entlre time
that they live in the area. This would
be the case for those who are not
relocated as well as for persons who
return following relocation. Beénuse it
is usually not practicable, at the time
of a decision to relocate, to aﬂculate
the doses that might be incurred from
exposure beyond one year, and because
different protective actions may.. be

appropriate over such longer petiods of .

time, these doses are not included in
the dose specified in the PAGs-for
relocation. :

4.1.1 Exposure Pathways

The principal pathways .for
exposure of the public occupying
locations contaminated by deposited
radioactivity are expected to be
exposure of the whole body to external
gamma radiation from deposited
radioactive materials - (groundshine)
and internal exposure from the
inhalation of resuspended materials.
For reactor incidents, external gamma
radiation is expected to be the
dominant source.

Almost invariably relocation
decisions will be based on doses from -
the above pathways. (However, in rare
cases where food or drinking water is
contaminated to levels above the PAG
for ingestion, and its withdrawal from
use will create a risk from starvation
greater than that from the radiation
dose, the dose from ingestion should be
added to the dose from the above
pathways.) PAGsrelated specifically to
the withdrawal of contaminated food
and water from use are discussed in
Chapter 3.

Other potentially significant
exposure pathways include exposure to
beta radiation from surface
contamination and direct ingestion of
contaminated soil. These pathways are
not expected to be controlling for
reactor incidents (AR-89).

4.1.2 The Population Affected
The PAGs for relocation are

intended for use in establishing the
boundary of a restricted zone within an




area that has been ubJected to
deposition of radmacuvé materials.
During their devélopment,
consideration was given th the higher
risk of effects on health to thildren and

fetises from radiation dose.and the

higher risk to some other population
groups from relocation. To avoid the
complexity of 1mplementmg separate
PAGs for individual members of the
population, the relocatxbn PAC is
established at a level that will provide
adequate protection for jthe general
population.

Persons residing in clontammated
areas outside the restricted zone will
be at some risk from radiation dose.
Therefore, guidance on thé reduction of
dose during the first yeaﬂ to-residents
outside this zone is also provxded Due
to the high cost of relocatwn, it is more
practical to reduce dose. in this
population group' by {"the-- early
application of simple,| low-impact,
protective actions other than by
relocation.

4.2 The Protective Action Guides for
Deposited Radaoacthty

PAGs for protection from deposxted
radioactivity during the lintermediate
phase are summarized in Table 4-1.
The basis for these values is:presented
in detail in Appendlx E. {In-summary,
relocation is warranted when the
projected sum of the dose equivalent
from external gamma tadxahon and the
committed effective dose equivalent
from inhalation of |resuspended
radionuclides exceeds 2 remin the first
year. Relocation to avoid exposure of
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the skin to beta radiation is warranted
at 50 times the numerical value of the
relocation PAG for effective dose
equivalent.

Persons who are not relocated, i.e.,

those in areas that receive relatively

small amounts of deposited radioactive
material, should reduce their exposure
by the application of other measures.

Possible dose reduction techniques
range from the simple processes of
scrubbing and/or flushing surfaces,
soaking or plowing of soil, removal and
disposal of small spots of soil found to
be highly contaminated (e.g., from
settlement of water), and spending
more time than wusual in lower
exposure rate areas (e.g., indoars), to -
the difficult and time-consuming
processes of removal, disposal, and
replacement of contaminated surfaces.

It is anticipated that simple processes
will be most appropriate for early
application. Many can be carried out
by residents themselves with support
from response officials for assessment
of the levels of contamination, guidance
on appropriate actions, and disposal of
contaminated materials. Due to the
relatively low cost and risk associated
with these protective actions, they may
be justified as ALARA measures at low
dose levels. It 1is, however,
recommended that response officials
concentrate their initial efforts in areas
where the projected dose from the first
year of exposure exceeds 0.5 rem. In
addition, first priority should be given
to cleanup of residences of pregnant
women who may exceed this criterion.
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Table 4-1 Protective Action Guides for Exposure to Deposited Radioactivity
During the Interme%liate Phase of a Nuclear Incident

Protective ’ PAG (projected Comments

Action dose)"

Relocate the general 22 rem Beta dose to skin may be

population.® - e up to 50 times higher

Apply simple dose ' <2 rem These protective actions

reduction techniques.* should be taken to-reduce
doses to as low as
practicable levels.

*The projected sum of effective dose eq\.Lvalent from external gamma radiation and committed
effective dose equivalent from mhalatxon of resuspended materials, from exposure or intake during
the first year,. Projected dose refers to the dose that would be received in the absence of shielding
from structures or the application of do‘.’.e reduction techniques. These PAGs may not provide
adequate protection from some ]ong-hvad radionuclides (see Section 4.2.1).

*Persons previously evacuated from ares outside the relocation zone defined by this PAG may
return to occupy their residences. Cases involving relocation of persons at high risk from such
action (e.g., patients under intensive ciLe) should be evaluated individually.

‘Simple dose reduction techniques include scrubbing and/or flushing hard surfaces, soaking or

plowing soil, minor removal of soil from!spots where radioactive materials have concentrated and

spending more time than usual indoors ior in other low exposure rate areas.

42.1 Longer Term Objectives of the radioactive decay, weathering, and
Protective Action Guides normal part time occupancy in
structures. Decontamination of areas

. Itisan obJectlve of these PA s to outside the restricted area may be
assure that 1) doses in any single year required during the first year to meet
after the first will not exceed 0. 53 rem, these objectives for releases consisting
and 2) the cumulative dose over 50 primarily of long-lived radionuclides.
years (including the first and sécond For situations where it is impractical to
years) will not exceed 5 rem. | For meet these objectives though
source terms from reactor incidents, decontamination, consideration should
the above PAG of 2 rem projected dose be given to relocation at a lower
in the first year is expected to {meet projected first year dose than that

both of those objectives through specified by the relocation PAG.
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After the populat:on has been
protected in accordance with the PAGs
for relocation, return for occupancy of.
previously restricted areas should be
governed” on the basis :Bf Recovery
Criteria as presented in Chapter 8.

Pro;ected dose conmdLrs ‘exposure

rate reduction from radioactive decay
" and, generally, weathering. When one
also considers the antxcxpated effects of
shielding from partial occupancy in
homes and other structures, persons
who are not relocated should receive a
dose substantially less' than the
projected dose. For commdnly assumed
" reactor source terms, we estxmate that
2 rem projected dose in the first year
will be reduced to aboub 1.2 rem by
this factor. The apphcatlon ‘of simple
decontamination techmques shortly
after the incident can be assumed to
provide a further 30 per ent or more

-..—--reduction, so that the mammum first

year dose to persons who' are not
relocated is expected to :be less than
one rem. Taking account of decay rates
assumed to be associated with releases
from nuclear power plant tincidents
(SN-82) and shielding from partial
occupancy and weathenné a proJected
dose of 2 rem in the first} year is likely
to amount to an actual dose of 0.5 rem
or less in the second yeariand 5 rem or
less in 50 years. The applxcatnon ‘of
simple dose reduction techmques would
reduce these doses further Results of
calculations supportxng these
projections are summarized in Table
E-6 of Appendix E. 1

4.2.2 Applying the Protective Action
Guides for Relocation

Establishing the boundary of a
restricted zone may result in three
different types of actions:

1. Persons who, based on the PAGs for
the early phase of a nuclear incident
(Chapter 2), have already been

- evacuated from an area which is now
designated as a restricted zone must
be converted to relocation status.

2. Persons not previously evacuated
who reside inside the restricted zone

" should relocate.

3. Persons who normally reside
outside the restricted zone, but were

previously evacuated, may return. A

gradual return is recommended as
discussed in Chapter 7. T

Sma]l adJustments to the boundary
of the restricted zone from that given
by the PAG may be justified on the
basis of difficulty or ease of
implementation. For example, the use
of a convenient natural boundary could
be cause for adjustment of the
restricted zone. However, such
decisions should be supported by
demonstration- that exposure rates to
persons not relocated can be promptly
reduced by methods other than
relocation to meet the PAG, as well as

the longer term dose objectives
addressed in Sectiun 4.2.1. '
Reactor incidents involving

releases of major portions of the core
inventory under adverse atmospheric .
conditions can be postulated for which



large areas would have to be restncted
under these PAGs. As the aﬂ’ected
land area increases, they will become
more difficult and costly to 1mplement

. especially in densely populated(areas

For situations where mplementatlon
becomes impracticable or mposmble
(e.g., a large city), informed Judgment
must be exercised to assure pnonty of
protection for individuals m} areas
having the highest exposure rates.: In
such situations, the first pnonty for
any area should be to reduce dose to
pregnant women. :|

4.3 Exposure Limits for Persons
Reentering the Restricted Zone:|

-Individuals who are permJL.ed to
reenter a restricted zone to work, or for
other justified reasons, will reqmre
protection from radiation. i Such
individuals should enter the restncted
zone under controlled condxtnons in
accordance with dose hmltatlons and
other procedures for control of
occupationally-exposed workers
(EP-87). Ongoing doses recexved by
these individuals from living, in a
contaminated area outsulé
restricted zone need not be inclided as
part of this dose limitation appiwable
to workers. In addition, dose recelved
previously from the plume and
associated groundshine, duru;g the
early phase of the nuclear m:xdent
need not be considered. :

the .

}
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CHAPTER 5

i

Implemefiating the Protective Action Guides
i for the Early Phase

5.1 Introduction i
This chapter provides general
guidance for 1mplementmg the
Protective Action Guides {(PAGs) set
forth in Chapter 2. In pa;;tlcular, the
objective is to provide guidance for
estimating projected doses from
exposure to an airborne, plume of
radioactive material, and for choosing
and mplemenhng protechve actions.

- Following an incident wluch has the
potenhal for an atmosphenc release of
radioactive material, the iresponsible
State and/or local authont:es will need
T todecidé” whether - offsite protective
actions are needed and, 1f so, where
and when they should be 1mplemented
These decisions will be based primarily
on (a) the potential for releases, (b)

: prOJected doses as a functxon of time at

various locations in the environment,
and (c) dose savmgs gand nsks
associated with vanous« protective
actions.

Due to the wide vanetg' of nuclear
facilities, incidents, and releases that
could occur, it is not prachcal to
provide specific 1mplementxng guidance
for all situations. Examples of the
types of sources leading ito airborne
releases that this gmdance ‘may be
apphed to are nuclear power reactors,
uranium fuel cycle facﬂlt:ies, nuclear
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weapons facilities, radiopharmaceutical
manufacturers and users, space vehicle
launch and reentry, and research
reactors. For many specific
applications, however, it will be
appropriate to develop and use
implementing procedures that are
designed for use on’a case-by-case
basis,

Dose conversion factors (DCF) and
derived response levels (DRL) are
provided for radionuclides that are
most likely to be important in an
incident involving an airborne release
of radioactive materials. DCFs and
DRL:s for radionuclides not listed may -
be developed from the sources refer-
enced in the tables. The values
provided here are the best currently
available. However, as new infor-
mation is developed these values may
change. This chapter will be revised
from time to time to reflect such
changes.

5.2 Initial Response and Sequence of
Subsequent Actions

In the case of an atmospheric
release, the protective actions which
may be required are those which pro-
tect the population from inhalation of
radioactive materials in the plume,
from exposure to gamma radiation



': 5.2.1 Notification

4. Estimation of offsite consequences
(e.g., calculation of the plume
centerline dose rates and projected
doses at various dxstances downwind
from the release point).

5. Implementation of 7 protective
actions in additional areas if needed.

6. Decxsmns to termmilte ‘existing
protectwe actions should mclude, as a
minimum, consideration of the status
of the plant and the PAGs for
relocation (Chapter 4). (Wlthdrawal of
protective actions from areas where
they have already been implemented is
usually not advisable dunng the early
phase because of the potential for
changmg conditions and confusmn )

For other types of éxmdents the
sequence of actions may varym details,
depending on the spemﬁc emergency

and general reporting

N
H

The nuclear famhty} operator or
other designated mdxvxdual should
provide the first notification to State
and/or local authorities that a nuclear
incident has occurred. In the case of
an incident with the potential for
offsite consequences, nohﬁcatlon of
State and local response orgamzatlons
by a facility operator should include
recommendations, based on plant
conditions, for early evacuat\on and/or

sheltering in predemgnated areas.
Early estimates of jj:he various

i
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~response- plan, but in jgeneral the ...
" " sequence
“ " requirements will be the ¢ same
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.operator to

components of projected doses to the
population at the site boundary, as well
as at more distant locations, along with
estimated time frames, should be made
as soon as.the relevant source or
release data become available.
Emergency response planners should
make arrangements with the facility
assure - that this
information will be made available on
a timely basis and that dose projections
will be provided in units that can be
directly compared to the PAGs.
Planners should note that the toxic
chemical hazard is greater than the
radiation hazard for some nuclear
incidents, e.g. a uranium hexafluoride
release.

For some incidents, such as re-entry
of satellites or an incident in a foreign
country, notification is most likely to
occur through the responsible Federal
agency,. . most
Environmental Protection Agency or
the National Aeronautics and Space
Administration. In such cases
projections of dose and
recommendations to State and local

-officials for protective actions will be

made at the Federal level, under the
Federal Radiological Emergency
Response Plan (FE-85).

5.2.2 Immediate Protective Action

Guidance for developing emergency
response plans for implementation of
immediate protective actions for
incidents at commercial nuclear power
plants is contained in NUREG-0654
(NR-80). Planning elements- for

commonly _the _.
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measurements are unlikely to be
available to project doses accurately
Doses must be projected usmg initial
environmental measurements or
estimates of the source term, and using
atmospheric -
observed under similar meteorological
conditions. = These projections are
needed to determine whether protectlve
actions should be implemented in
additional areas dunng the early
phase. ;
" Source term measux"ements, or
- exposure rates or concentrations
measured in the plumeé at a few
selected locations, may | ibe used to
estimate the extent of the exposed area
in a variety of ways, depending on the
types of data and computation methods
available. The most accurate method
of projecting doses is through the use of
an atmospheric diffusion and transport
- model that has been verified for use at
the site in question. A variety of
computer software can {be used to
estimate exposures in real time, or to
extrapolate - a series o£' previously-
prepared isopleths for umt releases
under. various meteorologxcal
conditions. The latter can be adjusted
* for the estimated source magnitude or
environmental measurements at a few
locations during the mcxdent If the
model projections have some semblance
of consistency with environmental
measurements, extrapolatnon to other
distances and areas can be made with
greater confidence. If projections using
a sophisticated sxte-speaﬁc model are
not available, a sxmple, but crude,
method is to measure the plume cen-

transport { previously -
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terline exposure rate’ at ground level
(approximately one meter height) at a
known distance downwind of the
release point and then to calculate
exposure- rates at other downwind
locations by assuming that the plume
centerline exposure rate is a known
function of the distance from the
release point.

The following relationship can be
used for this calculation:

D, =D, (R/R;Y ,

where D, and D, are measurements of
exposure rates at the centerline of the
plume at distances R, and R,
respectively, and y is a constant that
depends on atmospheric stability. For
stability classes A and B, y = 2; for
stability classes C and D, y = 1.5; and
for stability classes E and F, y =

Classes A and-B (unstable) occur with- —-

light winds and strong sunlight, and
classes E and F (stable) with light
winds at night. Classes C and D
generally occur with. winds stronger
than about 10 mph. This method of
extrapolation is risky because the
measurements available at the
reference distance may be
unrepresentative, especially if the
plume is aloft and has a looping

*The centerline exposure rate can be
determined by traversing the plume at a point
sufficiently far downwind that it has stabilized
(usually more than one mile from the release
point) while taking continuous exposure rate
measurements.



behavior. In the case of an elevated
plume, the ground level concentratxon
increases with distance from the
source, and then decreases, whereas
any high energy gamma rad1auon from
the overhead cloud contmuously
decreases with distance. For these
reasons, this method of extrapolation
will perform best for surface releases or
if the point of measurement |for an
elevated release is sufficiently d1stant
from the point of release for the plume
to have expanded to ground level
(usually more than one m11e) The
accuracy of this method will -be
improved by the use of measurements
from many locations averaged over
time.

5.4 Dose Projection

The PAGs set forth in Chapber 2

are specified in terms of the effective
dose equivalent. This dose mcludes
that due to external gamma exposure
of the whole body, as well las the
committed effective dose eqmvalent
from inhaled radionuclides. Guxdance
is also”provided on protective action
levels for the thyroid and skm, in
terms of the committed dose equxvalent
to these organs. Further references to
effective or organ dose equlvalent refer
to these .two quantities, respectlvely
Methods for estimating prOJected doses
for each of these forms of exposure are
discussed below. These require
knowledge of, or assumptions for, the
intensity and duration of exposure and
make -use of standard assumptions on
the ‘relation, for each radxoxsotope,

between exposure and dose. Exposure
l

i
1
i
i
i
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and dose projections should be based
on the best estimates available. The
methods and models used here may be
modified as necessary for specific sites
to achieve improved accuracy.

54.1 Duration of Exposure

The projected dose for comparison
to the early phase PAGs is normally
calculated for exposure during the first
four days following the projected (or
actual) start of a release. The objective
is to encompass the entire period of
exposure to the plume and to deposited
material prior to implementation of any
further, longer-term protective action,
such as relocation. Four days is chosen
here as the duration of exposure -to
deposited materials during the early
phase because, for planning purposes;
it is a reasonable estimate of the time
needed to make measurements, reach
decisions, and prepare to implement
relocation. However, officials at the
site at the time of the emergency may
decide that a different time is more
appropriate. Corresponding changes to
the dose conversion factors found in
tables in Section 5.4.2 will be needed if
another exposure period is selected.

Protective actions are taken to
avoid or reduce projected doses. Doses
incurred before the start of . the
protective action being considered
should not normally be included in
evaluating the need for protective
action. Likewise, doses that may be
incurred at later times than those
affected by the specific protective
action should not be included. For




example, doses which may be incurred
through ingestion pathways or
long-term exposure to deposited
radioactive materials take place over a
different, longer time period.

Protective actions for such exposures -

should be based on guzdance addressed
in other chapters. :

The projected dose { from each
radionuclide in a plume is proportional
to the hme-mtegrated concentration of
the radionuclide in the plume at each
location.  This concentration will
depend on the rate and the duration of
the release and meteorological
conditions. Release rates will vary
with time, and this tune-dependence
cannot usually be predxcted accurately.
In _the absence of more specific

: mformatlon, the release 'rate may be

assumed to be constant. |

Another factor aﬁ'ecting the

~ estimation of projected | dose is the

duration of the plume at a particular

location. For purposes of calculating -

projected dose from most pathways,
exposure will start at ia par(ncular
location when the plume arrives and
end when the plume is no longer
present, due either to an end to the
release, or a change in wind direction.
Exposure from one pathway (whole
body exposure to deposited materials)
will continue for an extended period.
Other factors such as the aerodynamic
diameter and solubility| of particles,
shape of the plume, and.terrain may
also affect estimated dose, and may be

-considered on a site- and/or source-

specific basis,
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Prediction of time frames for
releases is difficult because of the wide
range associated with the spectrum of
potential incidents. Therefore,
planners should consider the possible
time periods between an initiating
event and arrival of a plume, and the

“duration of releases in relation to the

time needed to implement competing
protective actions (i.e., evacuation and
sheltering). Analyses of nuclear power
reactors (NR-75) have shown that some
incidents may take several days to
develop to the point of a release, while
others may begin as early as one-half
hour after an initiating “event.
Furthermore, the duration of a release
may range from less than one hour to
several days, with the major portion of
the release usually occurring within
the first day.

Radiological exposure rates are
quite sensitive to the wind speed. The
air concentration is inversely related to
the wind speed at the point of release.
Concentrations are also affected by the
turbulence of the air, which tends to -
increase with wind speed-and sunlight,
and by meandering of the plume, which
is greater at the lower wind speeds.
This results in higher concentrations
generally being associated with low
winds near the source, and with
moderate winds at larger distances.
Higher windspeed also shortens the
travel time. Planning information on
time frames for releases from nuclear
power facilities may be found in
Reference NR-78. Time frames for
releases from other facilities will
depend on the characteristics of the
facility. -



Since a change in wind du'echon
will also affect the duration of
exposure, it is very 1mportant that
arrangements be made for a public,
private, or. military professxonal
weather service to provide information
on current meteorological and wind
conditions and predicted wind direction
persistence during an incident, in
addition to information recexved from
the facility operator.

5.4.2 Dose Conversion Factors

This section provides| dose
conversion factors (DCFs) and derived
response levels (DRLs) fori those
radionuclides important for responding
to most types of incidents. These are
supplemented by an example to
demonstrate their application! The
DCFs are useful where muluple
radionuclides are involved, beeause the
total .dose from a single exposure
pathway will be the sum of the doses
calculated for each radionuclide. The
DRLs are surrogates for the PAG and
are directly usable for releases
conms’ang primarily of a single nuchde,
in "which case the DRL can be
compared directly to the measured or
calculated concentration. (DRLs also
can be used for multiple radxonuchdes
by summing the ratios of the
environmental concentration of each
nuclide to its respective DRL. To meet
the PAG, this sum must be equal toor
less than unity.) .

DCFs and DRLs for each of the
three major exposure pathways for the
early phase (external exposure to
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plume, plume inhalation, and external
exposure from deposited materials) are
provided separately in Section 5.6.
They are all expressed in terms of the
time-integrated air concentration at the
receptor so they can be conveniently
summed over the three exposure
pathways to obtain composite DRLs
and DCFs for each radionuclide. These
composite values are tabulated in Table
5-1 for effective dose and in Table 5-2
for thyroid dose from inhalation of
radioiodines.

The tabulated DCFs and DRLs
include assumptions on particle size,
deposition velocity, the presence of
short-lived daughters, and exposure
duration as noted.. The existence of
more accurate data for individual
radionuclides may justify modification
of the DCFs and DRLs. The
procedures described in Section 5.6 for
developing the DCFs and DRLs for
individual exposure pathways may be
referred to, to assist such
modifications.

To apply Tables 5-1 and 5-2 to
decdsions on implementing PAGs, one
may use either the DCFs “or DRLs.
DCFs are used to calculate the
projected composite dose for each
radionuclide; these doses are then
summed and compared to the PAG.
The DRLs may be used by summing
the ratios of the concentration of each
radionuclide to its corresponding DRL.
If the sum of the ratios exceeds unity,
the corresponding protective action
should be initiated.




- (\ Table 5-1 Dose Conversiorgx Factors (DCF) and Derived Response Levels (DRL) for

Combined* Exposure Pathways During the Early Phase of a Nuclear

Incident® ;
| DCF DRL®
Radionuclide ; rem per nCi -cm® -h
' . ‘ pCi ccm™ +h

H-3 7.9E+01 1.3E-02
C-14 2.5E+03 . 4.0E-04
Na-22 ; 1.9E+404 - 5.3E-05
Na-24 7.3E+03 1.4E-04
P-32 ; 1.9E+04 5.4E-05
P-33 2.8E+03 3.6E-04
S-35 3.0E+03 3.4E-04
C1-36 : 2.6E+04 3.8E-05
K-40 1.6E+04 . 6.5E-05
K-42 2.0E+03 5.1E-04
Ca-45 8.0E+03 1.3E-04
Sc-46 4.4E+04 2.3E-05
- Ti-44 1.2E+06 8.2E-07
G - - Vas 2.4E+04 4.2E-05
Cr-51 5.5E+02 1.8E-03
Mn-54 1.2E+04 8.5E-05
Mn-56 1.8E+08 5.7E-04
Fe-55 3.2E+03 3.1E-04
Fe-59 ; 2.3E+04 : 4.4E-05
Co-58 1.7E+04 5.7E-05
Co-60 2.TE+05 3.7E-06
Ni-63 7.6E+03 1.3E-04
Cu-64 5.9E+02 1.7E-03
Zn-65 s 2.TE+04 3.7E-05
Ge-68 6.2E+04 1.6E-05
Se-75 1.2E+04 8.3E-05
Kr-85 1.3E+00 7.8E-01
Kr-85m 9.3E+01 1.1E-02
Kr-87 5.1E+02 2.0E-03

Kr-88 1.3E+03 7.8E-04
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. Table 5-1, Continued

. DCF DRL*
Radionuclide rem per pCi -cm™-h
. nCi +cm® -h .
Kr-89 ) 1.2E+03 ) 8.6E-04
Rb-86 . 8.3E+03 T 1.2E-04
Rb-88 : 5.2E+02 1.9E-03
Rb-89 ' 1.4E+403 7.3E-04
Sr-89 5.0E+04 2.0E-05
Sr-90 ' 1.6E+06 6.4E-07
Sr-91 . 24E+03 4.2E-04
Y-90  1.0E+04 9.9E-05
Y-91 : ' 5.9E+04 1.7E-05
Zr-93 ' 3.9E+05 , 2.6E-06
Zr-95 ) 3.2E+04 3.2E-05
Zr-97 ' 5.5E+03 1.8E-04
Nb-94 5.0E+05 2.0E-06
Nb-95  1.0E+04 9.7E-05
Mo-99 . 5.2E+03 1.9E-04
Tc-99 1.0E+04 1.0E-04
Tc-99m 1.7E+02 6.0E-03
Ru-103 1.3E+04 7.7TE-05
Ru-105 : 1.2E+03 8.2E-04
.Ru/Rh-IOS" : 5.7E+05 1.7E-06
Pd-109 1.3E+03 . 7.6E-04
Ag-110m ' 9.8E+04 1.0E-05
Cd-109 " 14E+05 7.3E-06
Cd-113m . 1.8E+06 5.5E-07
In-114m 1.1E+05 9.4E-06
Sn-113 : 1.3E+04 7.8E-05
Sn-123 : 3.9E+04 2.6E-05
Sn-125 : 2.0E+04 5.1E-05
Sn-126 1.2E+05 8.4E-06

Sb-124 : 3.8E+04 2.6E-05
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m Table 5-1, Continued

511

DCF DRL®
Radionuclide - rem per pCi -em™ - h
- ' pCi<em® - h
Sb-126 2.6E+04 3.9E-05
Sb-127 9.5E+03 1.1E-04
Sbh-129 2.0E+03 5.0E-04
Te-127m 2.6E+04 3.9E-05
Te-129 1.4E+02 7.0E-03
Te-129m 2.9E+04 3.5E-05
Te-131m 8.6E+03 1.2E-04
Te-132 1.2E+04 8.5E-05
Te/1-132¢ 2.0E+04 - 5.0E-05
Te-134 7.0E+02 1.4E-03
1125 3.0E+04 3.3E-05
1-129 2.1E+05 " 4,8E-06
1-131 5.3E+04 1.9E-05
I-132* 4.9E+03 2.0E-04
1-133 1.5E+04 6.8E-05
1-134 - 3.1E+03 3.3E-04
I-135 8:1E+03 1.2E-04
Xe-131m 4.9E+00 2.0E-01
Xe-133 2.0E+01 5.0E-02
Xe-133m 1.7E+01 5.9E-02
Xe-135 1.4E+402 7.0E-03
Xe-135m 2.5E+02 4.1E-03
Xe-137 1.1E+02 9.3E-03
Xe-138 7.2E+02 1.4E-03
Cs-134 6.3E+04 1.6E-05
Cs-136 1.8E+04 5.6E-05
Cs/Ba-137¢ 4.1E+04 2.4E-05
Cs-138 1.6E+03 6.1E-04
Ba-133 1.1E+04 8.9E-05
Ba-139 2.3E+02 4 4E-03



- Table 5-1, Continued
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. DCF . DRL¢
Radionuclide rem per pCi cecm® - h
. pCi-cm® -h
Ba-140 5.3E+03 1.9E-04
La-140 1.1E+04 8.8E-05
La-141 7.3E+02 1.4E-03
La-142 2.3E+03 4. 3E-04
Ce-141 1.1E+04 9.0E-05
Ce-143 4.7E+03 2.1E-04
Ce-144 4.5E+05 2.2E-06
Ce/Pr-144¢ 4.5E+05 2.2E+06
Nd-147 8.8E+03 1.1E-04
Pm-145 3.7E+0f1 2.7TE-05
Pm-147 4.7E+04 2.1E-05
Pm-149 3.6E+03 2.8E-04
Pm-151 2.8E+03 3.5E-04
Sm-151 3.6E+04 2.8E-05
Eu-152 2.TE+05 3.8E-06
Bu-154 3.5E+05 2.9E-06
Eu-155 5.0E+04 2.0E-05
Gd-153 2.9E+04 3.4E-05
Tb-160 3.5E+04 2.9E-05
Ho-166m . 9.4E+05 1.1E-06
Tm-170 3.2E+04 3.2E-05
Yb-169 1.1E+04 8.9E-05
Hf-181 2.1E+04 4.8E-05
Ta-182 6.0E+04 1.7E-05
W-187 1.7E+03 6.0E-04
Ir-192 3.8E+04 2.7E-05
Au-198 5.2E+03 1.9E-04
Hg-203 9.9E+03 1.0E-04
T1-204 2.9E+03 3.5E-04
Pb-210 1.6E+07 6.1E-08




Table 5-1, Continued

DCF DRL*
Radionuclide rem per nCi cem™ - h
’ pCicm™®-h
Bi-207 3.1E+04 3.2E-05
Bi-210 19E+04 . 5.3E-05
Po-210 1.1E+07 8.9E-08
Ra-226 1.0E+07 9.7E-08
Ac-227 8.0E+09 1.2E-10
Ac-228 3.7E+05 2.7E-06
Th-227 1.9E+07 5.2E-08
Th-228 4.1E+408 2.4E-09
Th-230 3.9E+08 2.6E-09
Th-232 2.0E+09 5.1E-10
Pa-231 1.5E+09 6.5E-10
- U-232 7.9E+08 1.3E-09
U-233 1.6E+08 6.2E-09
U-234 1.6E+08 6.3E-09
U-235. 1.5E+08 6.8E-09
U-236 1.5E+08 6.6E-09
U-238 1.4E+08 7.0E-09
U-240 2.7E+03 3.7E-04
Np-237 6.5E+08 1.5E-09
Np-239 3.6E+03 2.8E-04
Pu-236 1.7E+08 - 5.8E-09
Pu-238 4.7E+08 2.1E-08
Pu-239 5.2E+08 1.9E-09
Pu-240 5.2E408 1.9E-09
Pu-241 9.9E+06 1.0E-07
Pu-242 4.9E+08 2.0E-09
Am-241 5.3E+08 - 1.9E-09
Am-242m 5.1E+08 2.0E-09
Am-243 5.3E+08 19E-09
Cm-242 2.1E+07
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Table 5-1, Continued

DCF DRL®
Radionuclide rem per pCi-cm®-h
. nCi cecm® - h
Cm-243 3.7TE+08 2.7E-09
Cm-244 _8.0E+08 3.4E-09
Cm-245 5.5E+08 1.8E-09
Cm-246 5.4E+408 1.9E-09
Cf-252 5.3E-09

1.9E+08

*Sum of doses from external exposure and inhalation from the plume, and external exposure from
deposition. "Dose” means the sum of effective dose equivalent from external radiation and committed

effective dose equivalent from mtake

*See footnote a to Table 5-4 for assumphon.s on inhalation and footnote b to Table 5-5 for assumptions
on deposition velocity. The quanbty nCi- cm h refers to the time-integrated air concentratmn at one

meter height.

“For 1 rem committed effective dose equivsfﬂent.

“The contribution from the sbort-h"ved dauéhter is included in the factors for the parent radionuclide.

*These factors should only be used in situatjions where 1-132 appears without the parent radionuclide.

Persons exposed to an airborme
particulate plume will receive dose to
skin from beta emitters in the plume
as well as from those deposited on skin
and clothing. Although it is possible to
detect beta radiation, it is not practncal
for purposes of decisions on evacuatxon
and sheltering, to determine dose to
_ skin by field measurement of the beta

dose equivalent rate near the skin

surface. Such doses are determined
more practically through calculations
based _on time- 1ntegrated iair
concentratlon, an assumed: deposxbon
velocity, and an assumed time period
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between deposition and skin
decontamination. For the purpose of
evaluating the relative importance of
skin dose compared to the dose from
external gamma exposure and
inhalation, dose conversion factors
were evaluated using "a “deposition
velocity of 1 cm/sec and an exposure
time before decontamination of 12
hours.
assumptions, it was determined that
skin beta dose should seldom, if ever,
be a controlling pathway during the
early phase, Therefore, no DCFs or
DRLs are listed for skin beta dose.

Using these - conservative’




Table 5-2 Dose Conversmn Factors (DCF) and Derived Response Levels (DRL)
Corresponding to a 5 rem Dose Equivalent to the Thyroid from Inhalation

of Radmxodme
DCF DRL*
Radionuclide rem per pCi -cm® - h
. nCi -em® +h T
Te/1-132° 2.9E+05 1.8E-05
1-125 - 9.6E+05 5.2E-06
I-129 6.9E+06 7.2E-07
I-131 1.3E+06 3.9E-06
1-132 7.TE+03 6.5E-04
1-133 2.2E+05 2.3E-05
1-134 1.3E+03 3.9E-03
1-135 3.8E+04 1.3E-04

*Fora 5 rem committed dose eqmvalent to the thyroid.

Because of large uncertainties in
the assumptions for :deposition, air
concentrations are an inadequate basis
for. decisions on. :ithe -need to
decontaminate individuals.. Field
measurements should ibe used for this
(See Chapter 7, -Section” 7.6.3.). It
should be noted that, even in situations

" where the skin beta dose might exceed
" 50 rem, evacuation would not usually

be the appropriate protective action,

_ because skin decontamination and

cdothing changes are easily available
and effective. However, evacuation
would usually already be justified in
these situations due to dose from
inhalation during plume passage.
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. __"The contn'butwn from the short-hved daughter is included i in the factors for the parent radicnuclide.

The following example demonstrates
the use of the data in Tables 5-1 and 5-
2 for a simple analysis involving three
radionuclides.

Based on source term and
meteorological considerations, it 1is
assumed that the worst probable
nuclear incident at an industrial
facility is a fire. that.could -disperse
radioactive material into the
atmosphere, yielding a time-integrated
concentration of radionuclides at a
nearby populated area, as follows:

Radionuclide pCi-em®-h
Zr-95 2E-6
Cs-134 4E-8
1-131 1.2E-5



We examine whether evacuation is
warranted at these levels, ‘based on
PAGs of 1 rem for effective dose and §
rem for dose to the thyroid. We use
the DCFs in Table 5-1 for effective dose
and Table 5-2 for thyroid dose from
inhalation of radioiodines to calculate
the relevant doses, H, as follows:

H= E DCF; x C;
1
= dose conversion
factor for
radionuclide 1,
C; = time-integrated
concentration of
radionuclide i,
n = the number of
radionuclides
present.

where DCF;

and

For the committed effective dose
equivalent (see Table 5-1):

(2 E-6 x 3.2E+4)+(4E-8 x 6.3 E+4)
+(1.2E-5 x 5.3E+4) = 0,71 rem.

For the committed dose equiva-
lent to the thyroid (see Table 5-2):

1.2E-5x 1.3E+6 = 16 rem.

The results of these calculations
show that, at the location:for which
these time-integrated ‘concentrations
are specified, the committed dose
equivalent to the thyroid from

“inhalation would be over three times
the PAG for dose to thyroid, thus
justifying evacuation. : ' Using
meteorological dilution factors, one
could calculate the additional distance
to which evacuation would be justified
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to avoid exceeding the PAG for thyroid
dose.

To use the DRLs from 'fabie 5-1
and 5-2, find the sum,

n C"
2 DRI,

for both effective dose and thyroid dose,
where DRL; is the derived response
level for radionuclide i, and C; is
defined above. If the sum in either
case is equal to or greater than unity,
evacuation of the general population is
warranted.

For effective dose (see

Table 5-1):
2E“6 + 4.E-8 + 1.2E-5 - 07
3.2E-5 1.6E-5 1.9E-5

For dose to the thyroid (see
Table 5-2):

1-2E"'5 - 3
3.9E-6

"It is apparent that these calculations

yield the same conclusions as those
using the DCFs.

54.3 Comparison with Previously-
Recommended PAGs

Many emergency response plans
have already been developed using
previously-recommended PAGs ~that
apply to the dose equivalent to the
whole body from direct (gamma)
radiation from the plume and to the
thyroid from inhalation of radioiodines.
For nuclear power plant incidents, the




'~

former PAG for whole body exposure
provides public health protection
comparable to that provided by the new
PAG expressed in terms of effective
dose equivalent. This is demonstrated
in Table C-9 (Appendix C), “which
shows comparative doses for nuclear
power plant fuel-melt: accident
sequences having a wide. range of
magnitudes. The PAG for the thyroid
is unchanged. On the.other hand,
application of these PAGs to alpha
emitting radionuclides leads to quite
different derived response levels from
those based on earlier health physics
considerations, because of new dose
conversion factors and the weighting
factors assigned to the exposed organs
(EP-88).

5.5 Protective Acﬁons

This section provides guidance for
implementing the principal protective
actions (evacuation and sheltering) for
protection against the various exposure
pathways resulting from an airborne
plume. Sheltering means.the use of
the closest available structure which
will provide protection from exposure
to an airborne plume, and ‘evacuation
means the movement of individuals
away from the path of the plume.

Evacuation and’ sheltering
provide different levels of dose
reduction for the principal exposure
pathways (inhalation of radioactive
material, and direct gamma exposure
from the plume or from material
deposited on surfaces). The
effectiveness of evacuation will depend
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on many factors, such as how rapidly it
can be implemented and the nature of
the accident. For accidents where the
principal source of dose is inhalation,
evacuation could increase exposure if it
is implemented during the passage of a

short-term plume, since moving
vehicles provide little protection
against exposure (DO-90). However,

studies (NR-89a) continue to show that,
for virtually all severe reactor accident
scenarios, evacuation during plume
passage does not increase the risk of
acute health effects above the risk
while sheltering. Sheltering, which in
most cases can be almost immediately
implemented, varies in usefulness
depending upon the type of release, the.
shelter available, the duration of the
plume passage, and climatic conditions.

Studies have been conducted to
evaluate shelter (EP-78a) and
evacuation (HA-75) as’  protective
actions for incidents at nuclear power
facilities. Reference EP-78b suggests
one method for evaluating and
comparing the benefits of these two
actions. This requires collecting
planning information before and data
following an incident, and using
calculations and graphical means to
evaluate whether evacuation,
sheltering, or a combination - of
sheltering followed by evacuation
should be recommended at different
locations. Because of the many
interacting variables, the user is forced
to choose between making decisions
during the planning phase, based on
assumed data that may be grossly
inaccurate, or using a time-consuming
more comprehensive process after the



incident when data may be available.
In the former situation, the decision
may not have a sound basis, whereas
in the latter, the decision may come too
late to be useful.

The recommended approach is to
use planning information for making
early decisions. The planned response
should then be-modified following the
incident only if timely detailed
information is available to support such
modifications.

The planner should first compile
the necessary information about the
emergency planning zone (EPZ) around
the facility. For the case of power
reactors, some of this information is
described in NUREG-0654 (NR-80). It
should include identifying the
population distribution, the sheltering
effectiveness of residences and other
structures, institutions containing
population groups that require special
consideration, evacuation routes, logical
boundaries for evacuation zones,
transportation systems,
communications systems, and special
problem _areas. In addition,. the
planner should identify the information
that may be available following an
incident, such as environmental
monitoring data, meteorological
conditions, and plant conditions. The
planner should identify key data or
information that would justify specific
protective actions. The evaluation and

planning should also include the

selection of institutions where persons
should be.provided with stable iodine
for thyroid protection in situations
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- 3.

where radioiodine inhalation 1is

projected.

The following sections discuss key
factors which affect the choice between
evacuation and sheltering.

5.5.1 E.vacuation

The primary objective of evacuation
is to avoid exposure to airborne or
deposited radioactive material by
moving individuals away from the path
of the plume. Evacuation, if completed
before plume arrival, can be 100
percent effective in avoiding future
exposure. Even if evacuation coincides
with or follows plume passage, a large
reduction of exposure may be possible.
In any case, the maximum dose
avoided by evacuation will be the dose
not avoidable by sheltering.

Some general conclusions
regarding evacuation (HA-75) which
may be useful for planning purposes
are summarized below:

1. Advanced planning is essential to
identify potential problems that may
occur in an evacuation.

2. Most evacuees use their own
personal transportation.
responsibility of acquiring food and

shelter for themselves.

4. Evacuation costs are highly
location-dependent and usually will not

- Most evacuees assume °‘the -



be a deterrent to carrying out an
evacuation. '

5, Neither panic nor hysteria has
been obsefved when evacuation of large
areas is managed by public officials.

6. Large or small population groups
can be evacuated effectively with
minimal risk of injury or death.

7. The risk of injury or death to
individual evacuees from transporta-
tion does not change as a function of
the number of persons evacuated, and
can be conservatively estimated using
National Highway Safety Council
statistics for motor vehicle accidents
(subjective information suggests that
the risks will be lower).

Evacuation of the elderly, the
handicapped, and inhabitants of
medical and other institutions may
present special problems. = When
sheltering can provide adequate
protection, this will- often be the
protective action of choice. However, if
the general public is evacuated and
those in institutions are sheltered,
there is a risk that attendants at these
institutions may leave and make later
evacuation of institutionalized persons
difficult because of a lack of
attendants. Conversely, if evacuation
of institutions is attempted during
evacuation of the public, traffic
conditions may cause unacceptable
delays. If evacuation of institutions is
attempted before evacuating the public,
increased risk to the public from a
delayed evacuation could occur, unless
the incident is very slow in developing
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to the point of an atmospheric release.
Because of the above difficulties,
medical and other institutions located
within the EPZ should be evaluated to
determine whether there are any
logical categories of persons that
should be evacuated after the public
(or, when time permits, before).

5.5.2 Sheltering

Sheltering refers here to the use of

" readily available nearby structures for

protection against exposure to an
airborne plume.

Sheltering may be an appropriate
protective action because:

1. It positions the public to receive
additional instructions when the
possibility " of high enough doses to
justify evacuation exists, but is small.

2. It may provide protection equal to
or greater than evacuation.

3. 1t is less expensive and disruptive
than evacuation.

4. Since it may be implemented
rapidly, sheltering may be the
protective action of choice if rapid
evacuation is impeded by, a) 'severe
environmental conditions—e.g. severe
weather or floods; b) health
constraints--e.g. patients and workers
in hospitals and nursing homes; or c)
long mobilization times--certain
industrial and farm workers, or
prisoners and guards; d) physical



constraints to evacuation--e.g.

inadequate roads.

5. Sheltering may be more effective
against -inhalation of radioactive
particulates than against external
gamma exposure, especially for short-
term plumes.

The use of large structures, such as
shopping centers, schools, churches,
and commercial buildings, as collection
points during evacuation mobilization
will generally provide greater
protection against gamma radiation
than use of small structures.

As with evacuation, delay in taking
shelter during plume passage will
reduce the protection from exposure to
radiation. The degree of protection
provided by structures is governed by
attenuation of gamma radiation by
structural components (the mass of
walls, ceilings, etc.) and by
outside/inside air-exchange rates.

If external dose from the plume or
from deposited materials 1is the
controlling criterion, shelter
construction and shelter size are the
most ' important considerations;
ventilation control and filtering are less
important. Although sheltering will
reduce the gamma exposure rate from
deposited materials, it is not a suitable
. .protective action for this pathway for
long duration exposure. The main
factors which reduce whole body
exposure are:

1. W;all materials and thickness and
size of structure,
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2. Number of stories overhead, and

3. Use of a central location w1thm
the structure.

If a major release of radioiodine or
respirable particulate materials occurs,
inhalation dose will be the controlling
pathway. For releases consisting
primarily of noble gases, external
gamma exposure will be most
important. However, when inhalation
is the primary exposure pathway,
consideration should be given to the
following:

1. Ventilation control is essential for
effective sheltering.

2. Dose reduction factors for
sheltering can be improved in several
ways for the inhalation pathway,
including reducing air exchange rates
by sealing cracks and openings with
cloth or weather stripping, tape, etc.
Although the risk to health from the

action could be a constraint
(particularly for infants and the
infirm), using wet towels or

handkerchiefs as a mask to filter the
inhaled air will reduce dose from
inhalation.

3. Following plume passage, people
should open shelters to reduce airborne
activity trapped inside, and they should
leave high exposure areas as soon as
possible after cloud passage to avoid
exposure to deposited radioactive
material.

4. Consideration should be given to

the prophylactic administration of

potassium iodide (KI) as a




thyroid-blocking agent to :workers
performing emergency services and
other groups in accordance with the
PAGs in Table 2-1 and the’ prowsxons
in reference FD-823

5.5.8 General Guidance for Evacuatmn
and Sheltering

The process of evaluatmg,
recommending, and mplemenhng
evacuation or shelter for the public is
far from an exact science, particularly
in view of time constraints that prevent
thorough analysis at the time of an
incident. Their effectiveness, however,
can be improved considerably by
planning and testing. Early decisions
should be based on information
collected from the emergency planning
zone during the planning phase and on
information regarding conditions at the
nuclear . facility at the time of the
incident. Best estimates:of "dose
projections should be used for decisions
between evacuation and sheltenng

The followmg is a summary of
planning guidance for evacuation and
sheltering, based on the information in
Sections 5.5.1 and 5.5.2. .

1. For severe incidents, whére PAGs
may be significantly exceeded,

‘Each State has the responsibility for
formulating guidance to define when (and if)
the public should be given potassium iodide.
Planning for its use is discussed in-?Potassium
Iodide as a Thyroid-blocking Agent in a
Radiation Emergency: Final Recommendatxons
on Use” (FD-82).

evacuation may be the only effective
protectnve action close to the facility.

2, Evacuatmn will provide total
protectxon from any airborne release if
it is. completed before arnval of the
plume.

3. Evacuation may increase exposure
if carried out during the plume
passage, for accidents involving
inhalation dose as a major contributor.

4. Evacuation is also appropriate for

protection from groundshine .in areas
with high exposure rates from
deposited materials. '

5. Sheltering may be appropriate
(when available) for areas not
designated for immediate evacuation
because: h

a. It positions the public to receive
additional instructions; and

b. It may provide protection equal to
or greater.than evacuation.

6. Sheltering 1is wusually not
appropriate where high doses are
projected or for exposure lasting longer
than two complete air exchanges of the
shelter.

1. Because sheltering may be
implemented in .less time than
evacuation, it may be the temporary
protective action of choice if rapid
evacuation is impeded by a) certain
environmental conditions—-e.g. severe
weather or floods; b) health
constraints--e.g. patients and workers



in hospitals and nursing homes; or c)
long mobilization times--e.g. certain
industrial and. farm workers, or
prisoners and guards; d) physical
constraints to evacuation--e.g.
inadequate roads.

8. If a major release of radioiodine or
particulate materials occurs, inhalation
dose may be the controlling criterion
for protective actions. In this case:

a. DBreathing air filtered through
common household items .(e.g.,
fclded wet handkerchiefs or towels)
may be of significant help, if
appropriate precautions are ‘taken
to avoid possible suffocation. -

b. : After confirmation that the
plume has passed, shelters should
be opened to avoid airborne activity
trapped inside, and persons should
leave high exposure areas as soon
as -possible after cloud passage to
avoid exposure to deposited
radloactxve material.

c. Consuieratxon should be given to
the prophylactic administration of
potassium iodide (KI) as a
thyroid-blocking agent to emergency
workers, workers in critical
industries, or others in accordance
with the PAGs in Table 2-1 and
reference FD-82.

9. If dose from external gamma
radiation is the controlling criterion,
shelter construction and size are the
most important considerations;
ventilation control and filtering are less
important. The main factors :which
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reduce whole body external dose are; a)
wall thickness and size of structure, b)
number of stories overhead, c) central
location within the structure, and d)
the height of the cloud with respect to
the building.

5.6 Procedures for Calculating Dose
Conversion Factors

This section provides information
used in the development of the DCFsin
Tables 5-1 and 5-2. Three exposure
pathways are included: whole  body
exposure to gamma radiation from the
plume, inhalation from the plume, and
whole body exposure ..to gamma
radiation from deposited materials.
Although exposure of the "skin’from
beta radiation could be signiﬁcant,
evaluations show that other exposure
pathways will be controlling for
evacuation and sheltering decisions.
Therefore, DCFs for 'skin are mnot
provided. Individual DCFs for the
three exposure pathways are provided
in the following sections. ~They are
each expressed in terms of -the time-
integrated air concentration so that
they may be combined to yield a
composite DCF for each radionuclide
that reflects all three pathways. These
data may be used to facilitate revising
the DCFs in Tables 5-1 and 5-2 when
more specific or technically improved
assumptions are available,.as well as to
evaluate the relative importance of the
individual pathways for specific
radionuclide mixes.




5.6.1 External Exposure to Gamma
Radiation from the Plume

Table 5-3 provides DCFs and DRLs

for external exposure to: gamma
radiation’ due to immersion in
contaminated -air. The values for
gamma radiation will ‘' provide
conservative estimates for exposure to
an overhead plume. They are derived
under the assumption that the plume
is correctly approximated by a semi-
infinite source.

The DCF's given in Table 5-3 are used
to calculate the effective dose
equivalent from external exposure to
gamma radiation from the plume.
They are based on dose-rate conversion
factors for effective dose in Table A.1 of
reference DO-88. The units given in
Table A.1 are converted to those in
Table 5-3 as follows:

M"_L_xo1142 __rem

Ci-cm=-h

nCi - m=s nCi
Only the short-lived daughters of Ru-
106 and Cs-137 emit gamma radiation
and, therefore, the DCFs from Table
A.1 for these entries are attributable to
their daughters. The DCF for Ce-144
is combined with that for its short-lived
daughter; it is assumed they are in
equilibrium. Since the DRLs apply to
a PAG of 1 rem, they are simply the
reciprocals of the DCFs, °

5.6.2 Inhalation from the Plume
Table 5-4 provides DCFs and DRLs

for committed effective dose equxvalent
due to inhalation of an airborne plume
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of radioactive particulate materials and
for committed dose equivalent to the
thyroid due to inhalation of
radioiodines. It is assumed that the
radionuclides are in the chemical and
physical form that yields the highest
dose, and that the particle size is one
micrometer mean aerodynamic
diameter. For other chemical and
physical forms of practical interest the
doses may differ, but in general only by
a small factor. If the chemical and/or
physical form (e.g. solubility class or
particle size) is known or can be
predicted, the DCFs for inhalation
should be adjusted as appropriate.

The dose factors and breathing rate
used to develop the DCF's in Table 5-4
are those given in Table 2.1 of Federal
Guidance Report No.11 and were
derived for "standard man” (EP-88).
Although the DCFs for some
radionuclides would be slightly higher
for children, the conservatism in the
PAGs and procedures for their
application provide an adequate margin
for safety. The advantage of using a
single source of current data for the
development and timely revision of
DCFs for these and any other relevant
radionuclides is also a consideration in

.the selection of this data base for use

in emergency response applications.

The units given in Table 2-1 of EP-88
are converted to the units in Table 5-4,

using a breathing rate of 1.2E+6 cm® -
h'!, by the factor

SvBq' - 4.4E+12 = rem per
nCi- cm™: h.



The DRLs are simply the reciprocal of
the DCF.

5.6.3 External Dose from Deposited
Materials

Table 5-5 provides DCFs and DRLs

for 4-day exposure to gamma radiation |

from selected radionuclides following
deposition of particulate materials on
the ground from a plume. The
deposition velocity (assumed to be 1
cm/s for iodines and 0.1 cm/s for other
particulate materials) could vary
widely depending on the physical and
chemical characteristics of the

deposited material and the surface,and

meteorological conditions. In the case
of precipitation, the amount of
deposition (and thus the dose
conversion factors for this exposure
pathway) will be much higher. To
account for the ingrowth of short-lived
daughters in deposited materials after
measurements are made, the tabulated
values include their contribution to
dose over the assumed 4-day period of
exposure. Because .the deposition
velocity can be much lower or higher

than assumed in developing the dose.

conversion factors for deposited
materials, decision makers- are
cautioned to pay particular attention to
actual measurements of gamma
exposure from deposited materials for
. evacuation decisions after plume
passage.

The objective is to calculate DCFs for
single radionuclides in terms of
effective dose equivalent from 4 days
exposure to gamma radiation from

deposited radioactive materials. In
order to be able to sum the dose
conversion factors with those for other
exposure pathways, the DCF is
expressed in terms of dose per unit
time-integrated air concentration,
where the deposition from the plume is
assumed to occur at approximately the
beginning of the incident. The
following equation was used to
generate Table 5-5:

DCF = V.- DCRF - 1.14E-31.1-¢7)
-V, 14E-

Where
DCF = the dose per unit air
concentration (uCi- cm™- h)
V, = the deposition velacity,
assumed to be 3600 cm- h*!
for iodines and 360 cm- h
for other particulate
materials
DRCF = the dose rate conversion
factor (mrem- y™ per
nCi- m?) (DO-88)
1.14E-3 = a factor converting
mrem- y! per m® to
rem- h'! per cm?®
A = the decay constant for the
radionuclide (h'!)
t = duration of exposure
{hours),assumed to be 96
hours (4 days)




Table 5-3 Dose Conversion Facfors (DCF) and Derived Response Levels (DRL) for
External Exposure Due to Immersion in Contaminated Air

_ DCF* DRL®
Radionuclide rem per pCicm*h
nCi cem™® +h
H-3 0.0E+00 ] 0.0E+00
C-14 ' 0.0E+00 0.0E+00
Na-22 1.3E+03 7.8E-04
Na-24 2.7E+03 3.7TE-04
P-32 0.0E+00 0.0E+00
P-33 0.0E+00 0.0E+00
S-35 0.0E+00 0.0E+00
Cl1-36 4.8E-06 2.1E+05
K-40- 9.2E+01 1.1E-02
K-42 1L7E+02 6.0E-03
Ca-45 9.3E-09 1.1E+08
Sc-46 1.2E+03 8.4E-04
Ti-44 7.7E+01 1.3E-02
V-48 1.7E+03 5.8E-04
Cr-51 1.8E+01 5.6E-02
Mn-54 5.0E+02 2.0E-03
Mn-56 1.1E+03 9.4E-04
Fe-55 1.3E-02 7.6E+01
-Fe-59 7.0E+02 1.4E-03
Co-58 _ "~ 5.8E+02 1.7E-03
Co-60 1.5E+03 6.7E-04
Ni-63 0.0E+00 0.0E+00
Cu-64 ' 1.1E+02 9.2E-03
Zn-65 3.4E+02 2.9E-03
Ge-68 5.2E-02 1.9E+01
Se-75 2.3E+02 4.4E-03
Kr-85 1.3E+00 ' 7.8E-01
Kr-85m 9.3E+01 1.1E-02
Kr-87 5.1E+02 " 2.0E-08

Kr-88 . 1.3E+03 7.8E-04
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Tablle 5.8, Continued

DCF* DRL®
Radionuclide ~ rem per pCi-cm®-h
nCi - cm® - h
|

Kr-89 1.2E+03 8.6E-04
Rb-86 5.6E+01 1.8E-02
Rb-88 4.1E+02 2.5E-03
Rb-89 1.3E+03 7.7E-04
Sr-89 8.2E-02 1.2E+01
Sr-90 9.0E+00 0.0E+00
Sr-91 4.1E+02 2.4E-03
Y-90 0.0E+00 0.0E+00
Y-91 2.1E+00 4.7TE-01
Zr-93 0.0E+00 0.0E+00
Zr-95 4.3E+02 2.3E-03
Zr-97 1.1E+02 9.3E-08
Nb-94 9.3E+02 1.1E-08
Nb-95 4.5E+02 2.2E-03
Mo-99 E.1E+o1 1.1E-02
Tc-99 13.0E-04 3.3E+03
Tc-99m 7.6E+01 1.3E-02
Ru-103 2.8E+02 3.6E-03
Ru-105 4 6E+02 2.2E-03
RwRh-106° 1.2E+02 8.4E-03
Pd-109 3.9E-01 2.5E+00
Ag-110m .6E+03 6.2E-04
Cd-109 11.3E+00 8.0E-01
Cd-118m 0.0E+00 0.0E+00
. In-114m 5.2E+01 1.9E-02
Sn-113 E.8E+00 2.1E-01
Sn-123 1E+00 2.4E-01
Sn-125 1.8E+02 5.4E-03
Sn-126 2.8E+01 3.6E-02
1.1E+03 8.8E-04

Sb-124
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Table 5-3, Continued
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DCF* DRL®
Radionuclide rem per pCi cem? - h
pCi-em® -h
Sb-126 1.6E+03 6.2E-04
Sb-127 3.9E+02 2.6E-03
Sb-129 8.6E+02 1.2E-03
Te-127m 1.8E+00 5.6E-01
Te-129 3.1E+01 3.2E-02
Te-129m 2.0E+01 5.1E-02
Te-131m 8.5E+02 1.2E-03
Te-132 1.2E+02 8.0E-03
Te-134 5.1E+02 2.0E-03
I-125 6.3E+00 1.6E-01
1-129 4.8E+00 2.1E-01
I-131 2.2E+02 4.6E-03
1.132 14E+03 7.4E-04
1-133 3.5E+02 2.9E-03
1.134 1.6E+03 6.4E-04
1-135 9.5E+02 1.1E-03
Xe-131m 4.9E+00 2.0E-01
Xe-133 2.0E+01 5.0E-02
Xe-133m 1.7E+01 5.9E-02
Xe-135 1.4E+02 7.0E-03
Xe-135m 2.5E+02 4.1E-03
- Xe-137 1.1E+02 9.2E-03
Xe-138 7.1E+02 1.4E-03
Cs-134 9.1E+402 1.1E-03
Cs-136 1.3E+03 7.8E-04
Cs/Ba-137° 8.5E+02 2.9E-03
Cs-138 ] 1.4E+03 6.9E-04
Ba-133 i 2.1E4+02 4.8E-03
Ba-139 2.1E+01 4.9E-02
Ba-140 1.1E+02 9.3E-03



’I’a}ble 5-3, Continued
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DCF* DRL®
Radionuclide" rem per pCi-cm®-h
nCi - cm® +h
La-140 1.4E+03 7.1E-04
La-141 2.5E+01 3.9E-02
La-142 1.8E+03 5.6E-04
Ce-141 44E+01 2.3E-02
Ce-143 1.56E+02 6.6E-03
Ce-144 1.0E+01 9.7E-02
Ce/Pr-144° t 3.1E+01 3.2E-02.
Nd-147 7.6E+01 1.3E-02
Pm-145 9.5E+00 1.0E-01
Pm-147 2.1E-03 4.8E+02
" Pm-149 6.7E+00 1.5E-01
Pm-151 1.9E+02 5.2E-03 -
Sm-151 5.2E-04 1.9E+03
Eu-152 6.7E+02 1.6E-03
Eu-154 7.4E+02 1.3E-03
Eu-155 3.3E+01 3.1E-02
Gd-153 5.1E+01 2.0E-02
Tb-160 6.4E+02 1.6E-03
Ho-166m 9.4E+02 1.1E-03
Tm-170 2.7TE+00 3.8E-01
Yb-169 1.6E+02 6.1E-03
Hf-181 3.1E+02 3.2E-03
Ta-182 7.6E+02 1.3E-03
W-187 2.TE+02 3.6E-03
Ir-192 4.TE+02 21E-03_ _
Au-198 2.3E+02 4.3E-03
Hg-203 1.3E+02 7.6E-03
T1-204 5.8E-01 1.7E+00
Pb-210 7.6E-01 1.3E+00
Bi-207 9.1E+02 1.1E-03




(\ Table 5-3, Continued

o DCF* DRL*
Radionuclide .Tem per nCi ccm® -h
pCiccm® +h
Bi-210 0.0E+00 0.0E+00
Po-210 5.1E-03 2.0E+02
Ra-226 ‘ 3.9E+00 2.6E-01
Ac-227 7.2E-02 1.4E+01
Ac-228 5.5E+02 1.8E-03
Th-227 .6.0E+01 1.7E-02
Th-228 1.1E+00 8.9E-01
Th-230 2.2E-01 4.5E+00
Th-232 1.1E-01 9.4E+00
Pa-231 1.7E+01 5.8E-02
U-232 1.5E-01 6.6E+00
U-233 1.4E-01 7.3E+00

C: U-234 8.7E-02 1.1E+01
.- U-235 . 8.8E+01 1.1E-02
U-236 6.9E-02 14E+01
U-238 5.9E-02 1.7E+01
U-240 4.1E-01 2.4E+00
Np-237 1 18E+01 7.6E-02
Np-239 9.6E+01 1.0E-02
Pu-236 6.8E-02 1.5E+01
- Pu-238 : 5.0E-02 2.0E+01
Pu-239 . 4.7E-02 2.1E+01
Pu-240 . 4.9E-02 2.0E+01
Pu-241 0.0E+00 0.0E+00
Pu-242 4,2E-02 2.4E+01
Am-241 1.1E+01 9.2E-02
Am-242m 2.7E-01 3.7TE+00
Am-243 2.9E+01 " 3.4E-02
Cm-242 5.6E-02 1.8E+401
. Cm-243 . 7.3E+01 1.4E-02
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Table 5 3, Con’anued ('}

!
i
!
|
l
1
|
|

. . DCF* DRL®
Radionuclide rem per pCi-em®-h
le *h
Cm-244 | 4.8E-02 2.1E+01
Cm-245 4.18+01 ‘ 2.5E-02
Cm-246 4.0E-02 2.5E+01

Cf-252 4.3E-02 2.3E+01

*DCF's are expressed in terms of committed eﬂ'ectxva dose equivalent and are based on data from
reference (DO-88).

®Assumes a PAG of one rem committed eﬁ'ectwe dose equivalent.

“The contribution from the short-lived daugbter is included in the factors for the parent
radionuclide. i
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Table 5-4 Dose Conversio(n F:actors (DCF') and Derived Response Levels (DRL) for

o Doses Due to Iéhalation’
Lung : DCF DRL®
‘Radionuclide Class 5 rem per pCi rem™ - h
nCi-cm®-h
H-3 \'& 7.7E+01 1.3E-02
C-14 L ORG C* 2.5E+03 4.0E-04
Na-22 D | . 9.2E+03 1.1E-04
Na-24 D | 1.5E+03 6.9E-04
P-32 w 1.9E+04 5.4E-05
P-33 w 2.8E+03 3.6E-04
S-35 W 3.0E+03 3.4E-04
- Cl-36 W . 2.6E404 3.8E-05
K-40 D 1.5E+04 6.7E-05
K-42 D 1.6E+03 6.1E-04
Ca-45 \' 7.9E403 1.3E-04
Sc-46 Y 3.6E+04 2.8E-05
Ti-44 Y 1.2E+06 8.2E-07
C_ V-48 W 1.2E+04 8.2E-05
= Cr-51 Y 4.0E+02 2.5E-03
Mn-54 - W 8.0E+03 1.2E-04
Mn-56 D 4.5E+02 2.2E-03
Fe-55 D 3.2E+03 3.1E-04
Fe-59 D 1.8E+04 5.6E-05
Co-58 Y 1.3E+04 . T.TE-05
Co-60 Y 2.6E+05 3.8E-06
Ni-63 Vapor 7.5E+03 1.3E-04
Cu-64 Y 3.3E+02 3.0E-03
Zn-65 Y 24E+04 4.1E-05
Ge-68 w 6.2E+04 1.6E-05
Se-75 W 1.0E+04 9.8E-05
Rb-86 D 7.9E+03 1.3E-04
Rb-88 D 1.0E+02 1.0E-02
Rb-89 D 5.2E+01 1.9E-02
Sr-89 Y 5.0E+04 2.0E-05
o
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Table 5-4, Continued. : '
-
i
, Lung A DCF DRL*
Radionuclide Class : rem per nCi -em® - h
1 pCi-cm®-h

Sr-90 Y i 1.6E+06° 6.4E-07
Sr-91 Y | 2.0E+03 5.0E-04
Y-90 Y 1.0E+04 9.9E-05
Y-91 Y 5.9E+04 1.7E-05

] Zr-93 D 3.8E+05 2.6E-06
Zr-95 D 2.8E+04 3.5E-05
Zr-97 Y 5.2E+03 1.9E-04
Nb-94 Y 5.0E+05 2.0E-06
Nb-95 Y 7.0E+03 1.4E-04
Mo-99 Y 4.8E+03 2.1E-04
Tc-99 w 1.0E+04 1.0E-04
Tc-99m . D 3.9E+01 2.6E-02
Ru-103 Y 1.1E+04 9.3E-05
Ru-105 Y 5.5E+02 1.8E-03
RuwRh-106* Y 5.7TE+05 1.7E-06
Pd-109 Y 1.3E+03 .7.6E-04
Ag-110m Y 9.6E+04 1.0E-05 -
Cd-109 D g 1.4E+05 . 7.3E-06
Cd-113m D B 1.8E+06 5.5E-07
In-114m D : 1.1E+05 9.4E-06
Sn-113 W 1.3E404 7.8E-05
Sn-123 w 3.9E+04 ' 2.6E-05
Sn-125 w 1.9E+04 5.4E-05
Sn-126 w 1.2E+405 8.4E-06
Sb-124 w 3.0E+04 3.3E-05
Sb-126 w 1.4E+04 7.1E-05_
Sb-127 w 7.2E+03 1.4E-04
Sb-129 W T.7E+02 1.3E-03
Te-127m W 2.6E+04 3.9E-05
Te-129 D 1.1E402 9.3E-03
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m :Table 5-4, Continued.
e g
Lung : DCF DRLP
Radionuclide Class : rem per - pCi +em® -h
iy - pCi-em®-h
Te-129m W 2.9E+04 3.5E-05
Te-131m w 7.7E+03 1.3E-04
Te-132 w 1.1E+04 8.8E-05
Te/1-132° w 1.2E+404 8.5E-05
Te-134 D 1.5E+02 6,5E-03
1-125 D 2.9E+04 3.4E-05
1-129 D 2.1E405 4.8E-06
I-131 D 3.9E+04 2.5E-05
1-132 D 4.6E+02 _ 2.2E-03
1-133 D 7.0E+03 1.4E-04
I-134 D 1.6E+02 6.3E-03
I-135 D 1.5E+03 6.8E-04
Cs-134 D 5.6E+04 1.8E-05
Cs-136 D 8.8E+03 1.1E-04
Cs/Ba-137° D 3.8E+04 2.6E-05
Cs-138 D | 1.2E+02 8.2E-03
Ba-133 D 9.4E+03 1.1E-04
Ba-139 D 2.1E+02 4.9E-03
Ba-140 D ¢ 4.5E+03 2.2E-04
La-140 w o 5.8E+03 1.7E-04
La-141 D | 7.0E+02 1.4E-03
La-142 D | 3.0E+02 3.3E-03
Ce-141 Y 1.1E+04 9.3E-05
Ce-143 Y | 4.1E+03 2.5E-04
Ce-144 Y ¢ 4.5E+05 2.2E-06
Ce/Pr-144* Y 4.5E+05 2.2E-06
Nd-147 Y 8.2E+03 1.2E-04
Pm-145 Y ¢ 3.7TE+04 2.7E-05
Pm-147 Y - 4TE+04 2.1E-05
Pm-149 Y 3.5E+03 2.8E-04
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Table 5-4, Continued.

Lung | ||  DCF DRL*

Radionuclide Class i i.  remper pCi -cm® -h
i ! pCiecm®-+h
Pm-151 Y 2.1E403 4.8E-04
Sm-151 w 3.6E+04 2.8E-05
Eu-152 w 2.7E+05 3.8E-06
Eu-154 w ' 34E+05 - 2.9E-06
Eu-155 w i 5.0E+04 ‘ 2.0E-05
Gd-153 D 2.9E+04 3.5E-05
Tb-160 w 3.0E+04 3.3E-05
Ho-166m w 9.3E+05 1.1E-06
Tm-170 \' 3.2E+04 3.2E-05
Yb-169 Y 9.7E+03 " 1.0E-04
Hf-181 D P 1.9E+04 5.4E-05
Ta-182 Y P 5.4E+04 . 1.9E-05
. W-187 D 7.4E+02 1.3E-03
Ir-192 Y 34E+04 3.0E-05
Au-198 Y 3.9E+03 2.5E-04
Hg-203 D 8.8E+03 1.1E-04
T1-204 D 2.9E+03 3.5E-04
Pb-210 D 1.6E+07 6.1E-08
Bi-207 w 2.4E+04 4.2E-05
- Bi-210 D 1.9E+04 5.4E-05
Po-210 D 1.1E+07 8.9E-08
Ra-226 W 1.0E+07 9.7E-08
Ac-227 D 8.0E+09 1.2E-10
Ac-228 D 3.7TE+05 2.7E-06
Th-227 .Y 1.9E+07 5.2E-08
Th-228 Y 4.1E+08 2.4E-09
Th-230 w 3.9E+08 2.6E-09
Th-232 \' i 2.0E+09 5.1E-10
'Pa-231 W 1.5E+09 6.5E-10
‘U-232 Y ; 7.9E+08 1.3E-09
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(\ Table 5-4, Continued.
' - i Lung . " DCF DRL?
Radionuclide ;:  Class | : rem per nCi -cm® -h
: = uCiccm®-h
U-233 Y 1.6E408 6.2E-09
U-234 . Y 1.6E+08 6.3E-09
U-235 Y 1.5E+08 6.8E-09
U-236 Y 1.5E+08 6.6E-09
U-238 Y 14E+08 7.0E-09
U-240 Y 2.7E+03 3.7E-04
Np-237 W 6.5E+08 1.5E-09
Np-239 W 3.0E+03 3.3E-04
Pu236 : W 1.7E+08 | 5.8E-09
Pu238 | W 4.7E+08 2.1E-09
Pu239 ° W 5.2E+08 1.9E-09
Pu-240 W 5.2E+08 1.9E-09
Pu-241 W 9.9E+06 1.0E-07
Pu-242 W 4.9E+08 2.0E-09
Am241 | W 5.3E+08 1.9E-09
Am-242m| W 5.1E+08 2.0E-09
Am243 | W 5.3E+08 1.9E-09
Cm-242 W 2.1E+07 4.8E-08
Cm-243 W 3.7E+08 2.7E-09
Cm-244 W 3.0E+08 3.4E-09
Cm-245 W 5.5E+08 1.8E-09
Cm-246 W 5.4E+08 1.8E-09
Cf-252 Y 1.9E+08 5.3E-09
| " . | Thyroid Dose
Tel-132°: WD . 2.9E+05 1.8E-05
125 : D 9.6E+05 5.2E-06
1-129 D 6.9E+06 7.2E-07
131 | D . 1.3E+06 3.9E-06
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'l‘al:lfe 5-4, Continued. | O

Lung D DCF DRL®
Radionuclide Class Do rem per pCi*em® - h
: i pCi+.cm®-h
1-132 ‘D i 7.TE+03 6.5E-04
1133 D . 22E405 2.3E-05
I.134 . D 1.3E+03 3.9E-03
1-.135 D 3.8E+04 1.3E-04

*These factors and levels apply to adults ('10-75) and are based on Federal Guidance Report No. 11
(EP-88). They are also based on the lung class that results in the most restrictive value. DCFs are
expressed in terms of committed effective dose equivalent, except for those for thyroid dose, which

are in terms of commxtted dose equ.walent.

*DRLs are based on a dose of 1 rem comxmtted eﬂ'echve dose equivalent, except those for thyroid
dose radionuclides, wlnch are ba.sed on a l:omxmtted dose equivalent of 5 rem.

*V denotes water vapor

L, ORG C denotes labelled organic compounds

i

" *Contributions from short—lxved daughters are included in the factors for parent radionuclides.
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() Table 55 Dose Conversion Factors (DCF) and Derived Response Levels (DRL)
n for a 4-Day Exposure to Gamma Radiation from Deposited

Radionuclides*: : .
- DCF* DRLY
Radionuclide © ! rem per nCi ccm™ -h
: - pCi-am®-h

H-3 - ¢ 0.0E+00 0.0E+00
C-14 . .. 0.0E+00 - : 0.0E+00
Na-22 - .  8.3E+03 _ 1.2E-04
Na-24 - . 8.1E+03 ‘ 3.2E-04
P-32 " 0.0E+00 0.0E+00
P-33 "~ 0.0E+00 0.0E+00
S-35 -1 0.0E+00 0.0E+00
Cl-36 t - 1.8E-04 . 5.4E+03
K-40 - 5.4E+02 1.9E-03
K-42 - 1.8E+02 5.7E-03
Ca-45 © L 84E-07 1.2E+06
Sc-46 - 7.5E+03 1.3E-04
Ti-44 C 6.7E+02 1.5E-03
V-48 1 1.0E+04 1.0E-04
Cr-51 . . 13E+02 7.8E-03
Mn-54 .1  3.3E+03 3.0E-04
Mn-56 L. 24E+02 4.1E-03
Fe-55 . 8JE-01 1.1E+00
Fe-59 D 4.2E+08 2.4E-04
Co-58 T 3.8E+03 2.6E-04
Co-60 : Pl 8.9E+03 1.1E-04
Ni-63 i 0.0E+00 0.0E+00
Cu-64 D 1.5E+02 6.8E-03
Zn-65 Lo 2.1E+03 4.7E-04
Ge-68 - 4.5E+00 _ 2.2E-01
Se-75 . 17E+03 5.9E-04
Rb-86 © . 3.3E+02 3.0E-03
Rb-88 © -1 1.0E+01 9.8E-02
Rb-89 - 2.9E+01 3.4E-02

Sr-89 ..  5.2E-01 1.9E+00
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féble 5-5, Continued.

: . DCPF* DRL"¢
Radionuclide © .- rem per pCi ccm™ - h

- nCi-cm®-h
Sr-90 -~ 0.0E+00 0.0E+00
Sr-91 © ' 3.8E+02 2.6E-03
Y-90 © . 0.0E+00 0.0E+00
Y-91 . | {1.3E+01 7.8E-02
Zr-93 - "0.0E+00 0.0E+00
Zr-95 ' .- 2.9E+03 3.5E-04
- Zr-97 . - 1L7E+02 5.8E-03
Nb-94 : . :'6.8E+03 1.6E-04
Nb-95 - : - 2.9E+08 3.4E-04
Mo-99 : - 4.0E+02 : 2.5E-03
Tc-99 : .. 2.5E-03 4.0E+02
Tc-99m : -, 5.3E+01 1.9E-02
Ru-103 . - 1.9E+03 5.2E-04 ‘
Ru-105 - [ i2.1E+02 4.7E-03
RuwRh-106* . 8.3E+02 1.2E-03
Pd-109 . © 5.6E-01 1.8E+00
Ag-110m . 1.2E+02 : 8.2E-03
Cd-109 i i3 7E+01 2.7E-02
Cd-113m ¢ .. 0.0E+00 ' 0.0E+00
In-114m : - . 3.8E+402 2.7E-03
Sn-113 : . +5.9E401 1.7E-02
Sn-123 : . 2.6E401 3.9E-02
Sn-125 ;-1 1.0E403 1.0E-03
Sn-126 ;0 2.4E+02 4.1E-03
Sb-124 -+ < -.6.8E+03 1.5E-04-
Sb-126 : i :9.9E+03 1.0E-04
Sb-127 ) i 1.9E+03 . 5.2E-04
Sb-129 . .+ 3.TE+02 2.7E-03
Te-127m P 2.6E+01 3.8E-02

Te-129 . 1 13.9E+00 2.6E-01
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Table 5-5, Continued.

DRL"*

5-39

DCF*
Radionuclide © ¢ rem per pCi -cm™ - h
. . pCicm®-h
Te-129m 1.4E+02 7.2E-03
Te-131m 3.5E401 . 2.8E-02
Te-132 6.6E+02 1.5E-03
Te/1-132¢ 6.7E+03 1.5E-04
Te-134 3.8E+01 2.7E-02
I-125 9.5E+02 1.0E-03
1-129 8.7E+02 1.2E-03
I-131 1.3E+04 7.4E-05
I-132 3.1E+03 3.2E-04
1-133 7.3E+03 1.4E-04
1-134 1.3E+03 7.5E-04
1-135 5.7E+03 1.8E-04
Cs-134 6.2E+03 1.6E-04
- Cs-136 7.6E+03 1.3E-04
Cs/Ba-137¢ 2.4E4+03 4.1E-04
Cs-138 6.8E+01 1.5E-02
Ba-133 1.7E+03 6.1E-04
Ba-139 3.2E+00 3.1E-01
Ba-140 7.0E+02 1.4E-03
La-140 4.1E+03 2.4E-04
La-141 8.9E+00 1.1E-01
La-142 2.3E+02 4.3E-03
Ce-141 3.3E+02 3.0E-03
Ce-143 4.8E+02 2.1E-03
Ce-144 8.5E+01 1.2E-02
Ce/Pr-144° 2.0E+02 5.0E-03
Nd-147 5.2E+02 1.9E-03
Pm-145 1.1E+02 8.7E-03
Pm-147 1.6E-02 6.2E+01
Pm-149 '2.8E+01 3.6E-02



Table 5-5, Continued.

DCF® DRL":.

Radionuclide rem per pCi cem™ +h

‘nCi -cm® +h

Pm-151 : : 5.SE+02 ' 1.8E-03
Sm-151 i1 2,1E-02 4.9E+01
Eu-152 i 1.5E+401 6.7E-02
Eu-154 : | 4.8E+03 2.1E-04
Eu-155 : © 2.8E+02 3.5E-03
Gd-153 : : 5.0E+02 2.0E-03
Tb-160 1 4,1E+03 2.4E-04
‘Ho-166m . 6.5E+03 1.5E-04
Tm-170 i - 24E+01 4.1E-02
Yb-169 , i . 1L.3E+03 7.4E-04
H{-181 i | 2.2E+03 4.5E-04
Ta-182 © : 4.8E+03 2.1E-04
W-187 :  6.6E+02 1.5E-03
Ir-192 . | 8.4E+03 3.0E-04
Au-198 . 11E+03 9.5E-04
Hg-203 i 9.6E+02 1.0E-03
T1-204 i 5.1E+00 2.0E-01
Pb-210 . 1 1.2E+01 8.5E-02
Bi-207 ; | 6.0E+03 1.7E-04
Bi-210 : : 0.0E+00 0.0E+00
Po-210 | 1 :3.4E-02 3.0E+01
Ra-226 : ¢ 1 .3.0E+01 : 3.3E-02
Ac-227 ' i 1 :8.4E-01 1.2E+00
Ac-228 : | ¢ 8.3E+02 3.0E-03
Th-227 : : 4.3E+02 2.3E-03
Th-228 - - :1.1E+01 9.2E-02
Th-230 77 8.6E+00 2.8E-01
Th-232 i 12.6E+00 3.8E-01
Pa-231° { . 1.4E+02 7.1E-03
U-232 | ‘ ! : 4.1E+00 2.5E-01

5-40 : Q



m Table 5-5, Continued.

DCPF® DRL?*

Radionuclide . {  rem per nCicem™® - h
i 4 pCi-cm®-h

U-233 : 1 2,0E+00 5.1E-01
U-234 .1 8.2E+00 3.1E-01
U-235 L B.TE+02 1.5E-03
U-236 . 2.9E+00 3.5E-01
U-238 i 2.5E+00 3.9E-01
U-240 © 1 3.3E+00 3.0E-01
- Np-237 L 1.3E+02 7.8E-03
Np-239 i 4.5E+02 2.2E-03
Pu-236 1 8.9E+00 2.6E-01
Pu-238 . © 8.4E+00 3.0E-01
Pu-239 : © 1.5E+00 6.7E-01
Pu-240 - : 3.2E+00 ~ 3.1E-01
Pu-241 i 0.0E+00 0.0E+00
s Pu-242 . 27E+00 3.7E-01
Am-241 f 1 1.2E+02 8.5E-03
Am-242m 1 11E+01 9.2E-02
Am-243 it 2.6E+02 3.8E-03
Cm-242 i1 3.9E+00 2.7E-01
Cm-243 i 5.8E+02 1.7E-03
" Cm-244 .. 8.3E+00 3.1E-01
Cm-245 : 1 84E+02 3.0E-03
Cm-246 . 2.9E+00 3.5E-01
Cf-252 1 25E+00 4.0E-01

*Entries are calculated for gamma ‘exposure at 1 meter above the ground surface (DO-88).

*All radioactivity is assumed to be .fdeposited at the beginning of the incident. Deposition velocities
are taken as 1 cm- sec’! for radioiodines and 0.1 cm- sec” for other radionuclides. (See p. 5-24).

2
‘Assumes a PAG of 1 rem committed effective dose equivalent.

Contributions from short-lived aaﬁghters are included in the factors for parent radionuclides.
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CHAPTER 6

Implementiizg the PAGs for the Intermediate Phase
. (Food and Water)

See Chapter 3 and Appendix D for Current Implementation
Recom;nendatmns for Food. Also refer to the
following documents:

Federal Emergency Management Agency
Guidance Memorandum IN-1, The Ingestion Exposure
Pathway. :February 26, 1988 Federal Emergency
Management Agency. Washington, DC 20472

Guidance on Oﬁlsi:te Emergency Radiation Méasurement Systems
Phase 2, The Milk Pathway, FEMA REP-12, September 1987.

Guidance on Oﬁlsite Emergency Radiation Measurement Systems.
Phase 3, Water and Non-Dairy Food Pathway, September 1989.
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FOREWORD

The Bureau of Radiological {Health develops and carries out a national program to
control unnecessary human exposire to potentially hazardous ionizing and nonionizing
radiations and to ensure the safe, efficacious use of such radiations. The Bureau publishes
the resuits of its work in scientific journals and in its own technical reports.

Hanism for disseminating results of Bureau and contractor

' Federal, State, and local governments; industry; hos-
pitals; the medical profession; leducators; researchers; libraries; professional and trade
organizations; the press; and others. The reports are sold by the Government Printing
Otfice and/or the National Technlcal Information Service. -

These reports provide a m
projects. They are distributed °

The Bureau also makes its technical reports available to the World Health Organization.
Under a memorandum of agreement between WHO and the Department of Health and
Human Services, three WHO Collaborating Centers have been established within the Bureau

of Radlological Health, FDA:

WHO Collaborating Center for Standardization of Protection Against Nonionizing
Radiations;

WHO Collaborating Center oii' Training and General Tasks in Radiation Medicine; and
WHO Collaborating Center for Nuclear Medicine.

Please report errors or omls‘siém to the Bureauw. Your comments and requests for

further information are also encolraged.

ohn C. Villforth

Director
Bureau of Radiological Health
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PREFACE

By. FEDERAL REGISTER a::ion of March 11, 1982 (47 FR 10758), the Federal Emer-
gency Management Agency (FEMA) outlined the responsibilities of several Federal agencies
concerning emergency response lanmng guidance that the agencies should provide to State
and local authorities. This updated a prior notice published in the FEDERAL REGISTER by
the General Services Administration (GSA) on December 24, 1975 (40 FR 359494), on the
same subject. GSA responsibility for emergency management was transterred by Execurive
Order to FEMA. The Department of Health and Human Services (HHS) is responsible for
assisting State and local au:horipa In developing plans for prevem:ing adverse effects from
exposure to radiation in the event that radiocactivity is released into the environment. This
includes developing and specifying protective actions and mociated guidance to State and

“local governments for human food and animal feeds. .

Proposed recommendations wpre puallshed in the FEDERAL REGISTER on December 15,.
1978 (43 FR 58790) and a background document accompanied their publication. Twenty-one
.comment letters were received i in response to the proposal in addition to comments from
various Federal agencies. Revxew of these comments led to changes in the recommenda-
tons and supporting rationale, deeimeme and agricultural models, and cost/benefit analysis.

" These changes have been incorporated Into this background document, which is intended to - -

accompany and support FDA's final recommendations on Accidental Radioactive
Contamination of Human Foods land Animal Feeds: Recommendations for State and Local
Agencies. The final recommendations will appear in the FEDERAL REGISTER.

This background report discusses the rationale for the Protective Action Guides; the
dosimetric and agricultural rnodels used in their calculation; some methods of analysis for
radionuclide determination; appropriate protective actions; and cost considerations.

Pt bl

Bernard Shleien, Pharm. D.

Assistant Director for
Scientific Affairs

Bureau of Radiological Health
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ABSTRACT

Shleien, B., G.D. Schmidz, and R.P. Chiacchierini. Background for -Protective Action
Recommendations: Accidencal Radloactive Contamination of Food and Animal Feeds. HHS
Publication FDA 32-3196 (August 1932) (pp. 44).

This report provides background material for the development of FDA's
Protective Action Recommendations: Accidental Radioactive Contamination
of Food and Animal Feeds. The rationale, dosimerric and agricultural transport
models for the Pro:ec:ive; Action Guides are presented, along with information
on dietary. intake. In addicion, the document contains a discussion of field,
methods. of analysis of fadionuclides deposited.on the ground or contained
In milk and herbage. Various:protective actions are described and evaluaced,
and a cost-ef{ectiveness analysis.for the recommendations performed.

The .opinions and. statements contained in this report may not
necessarily represent the ‘views or the stated policy of the World
Health Organization (WHO), The mention of commercial products,
their sources, or their use in connection with material reported
herein is not to be construed as either an actual or implied
endorsement of such productss by the Department of Health and
Human Services (HHS) or the World Health Organization.
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somatic risk. Mortality rather, than Incidence estimates are employed in the comparisons.
In the case of comparisons to natural background cadiation, use of mortality data or
incidence estimates would yield the same numerical PAG limits, because these limits are
based on a comparison between risks rather than an evaiuation of absolute risk.

The radiation doses in the event of a coutaminating accident will most likely result from
ingestion of the fission products cesium-~134% and -137; strontium-389 and -90; and iodine-131.
For the purpose of this analysis It is assumed that all projected extra cancers can be

actributed to Internal radiation via the food pathway (i.e., the risks from mgested ‘

radicactive mueria.l is the same as that fro.n extemal radiation).

The aam-m (3) best admate of lifetime cancer risk (linear quadratic model) for a
single exposure to low-dose, low LET radlation Is from 0.77 to 2.26 x 10~* deaths per person-
rem, depending on whether the absolute or relative-risk projection model is used (calculated
from Table 1). The eqmvalmz risk estimate from BEIR- (2) is 1.17 to 6.21 x 10~ deaths

per person=rem.
Table 1 Risk estimates for single dose

: — Deaths per million persons per 10
\ rads single dose whole-body BEIR-III
Dose response model : m%ute risk Relative risk

Linear qua.dnzic 766 2255
Linear _ 1671 X1k
Quadratic 93 276

These risk estimates are for asingle dose of 10 rem, because limitations of the scientific
information do not justify estimates at lower doses according to the BEIR Committee.
Because of the uncertainty of risk estimates at low doses, BEIR-III provided risk estimates
based on a linear model and a pure quadratic dose response mode! as well as estimates based
on the preferred linear quadratic model. The risk estimates for the linear model are about
a facmor of 2 higher and those of the quadratic model and about a factor of 8 lower than
_those of the linear quadratic model. It should further be noted, that BEIR-III does not
recommend that their risk estimates be extrapolated to lower doses because of the
inadequacies of the scientific basis. BEIR-III does recognize however that Federal agencies
have a need to estimate impacts at lower doses. While BEIR-III prefers the linear—quadratic
dose response model as the best estimate, regulatory agencies have continued to favor the
linear model as the basis for risk estimates. While the BEIR-III estimates will be
used here to estimate the Impact (health effects) at lower doses, it is fully recognized
that current scientific opinion jeaves alternatives as to which dose response and risk model
to use,

As previously stated, for the purpose of setting PAG's, comparison of radlation risks to
thase from natural disasters is considered the approach af choice in this document.

1.2.2 Genetlc Risk Evaluation :

The model for genetic mic ‘from radiation exposure is described in the BEIR-III report
(3). In the first generation, it is estimated that | rem of parental exposwre throughout the
general population will result in an increase of 5 to 75 addicional serious genetic disorders
per million liveborn offspring. The precision for estimating genetic risks Is less precise than
those for somatic risks. Given the broad range, genetic risks are evaluated, but are not
precise enough to be a basis for setting the PAG's.




1.3 ASSESSMENT OF COMMON SOCIETAL AND NATURAL BACKGROUND RADIA-
_ TION RISKS' :

1.3.1 Common Societal Rlsia"_;

As previously stated, one :m3thod of determining the accepeability of a risk is by
comparing prevalent or normal risks from hazards common to society. A list of the annual
risks from .common societal hazards is given in Table 2. Comparision of radiation risks to
commonly accepted societal risks ~ssumes that the age dependencies are similar and that all
individuals are equally exposed i the hazard. This latter assumption is, of course, not
entirely valid in that persons near:r 2 nuclear power plant or a dam, or in an earthquake or
tornado area might be expected tc be at greater risk than persons living at a distance from
the particular hazard.

Table 2. Annual nsk of death from hazards common to society

. . Risk of death
Category Reference  (per person per year)
All disease (%) 8 x 10-?
Leukemia and all other cancer (5 1.5 x m-’
Motor vehicle accidents ) (6) 3 xl10-*
Accidental poisoning - (6) t x10°%
Alr travel (7) 9 x 10~*
Tornadoes (Midwest) | (3) 2 x10-3
. akes (Calif. ). (3) 2 x10°"
s Floods. (46 million at risk).. . (9) . 2.2x107¢
Ca:as:rophic accidents
_ (tornadoes, floods,
hurricanes, etc.)” : (10) 1.2 x 10°¢
Natural disasters (11) 9 x 10~7
(6) 8 x1°7
Tornadoes (7) 0.4 x 10-°¢
(9) 0.6 x 10-*
Hurricanes (7) 0.4 x 10°*
(9) 0.3 x 10°°¢
Floods (2) 2 x10™¢
. is; 0.3 x 107¢
Lightning 7 0.5 x10-
Winter storms (9) 0.5 x 10-¢
Narural disasters (sum of above) 2.1 to 3.9 x 10-¢

Table 2 mdlcata that the annual individual risk from natural disasters is approximately
lwiésx 10°% This risk represents a common cisk level, which is generally not considered
in selecting place of residence. At this level of risk, some action to prevent further loss of
life could be expected by society following the occurrence of a natural disaster. [t thus
appears prudent to evaluate the somatic risks from radiation in relation to the risk of death
from a nanural disaster, For comparison purposes, a value of | in a million (1 x 100%) annu-
al risk of death, which is often quoted as an acceptable risk, will be used as the risk of
natural disasters. Actual data indicate that the cisk of natural dlsuters maybea2or3
times greater risk than this value. For a risk of death of 1 x 10~* per year, the lifetime
accepted societal risk would be about 70 x [0~%. This is equivalent o a single fadiation
dose of 140 to 420 mrem, using the linear model, oc 310 to 910 mrem using the BEIR-UI
linear quadratic mode{ (see Tabie 1). The upper and lower ranges are those obtained from
employment of relative and absolute risk models and the dose response extrapolations
mentioned above (from calculations based on data in Table 1). Genetic effects are not
considered in evaluating common societal hazards because of the difficulty in assessing
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deaths occurring from genetic consequences, either natural or radiation induced. If sponcta-
neous abortions are deleted from this category, then fatal genetic effects are a small
portion of the overall genetic impact on health. However, it is difficult to accuracely
evaluate genetic effects, and even more difficult to compare ics impact to the impact of
somatic effects in an effective manner.

1.3.2 Risks From Natural Radiation

Further perspective un acceptable risk can be obrained by examining the risks of nacural
background radiation. In risk assessments where a radiation risk is compared to that from
the natural radiation bi.ckground, the question is which variable associated with narural
background should be used to determine "acceprable risk?" Since background radiation has
always been a part of the natural environment, a plausible argument might be to assume
that the risks associated with the average natural radiation dose represent an "acceptable
risk." .

Ic has also been argued ﬂntfbec:me of che ever present risk from natural radiation, a
level of manmade radiation ought to be acceprable if it Is "small" compared to natural
background (12). [t has been suggested chat "small" be taken as the standard deviation of

the population-weighted naturalibackground (13). In previous evaluations that led to the -

FDA's proposed PAG recommendacions - (18) the geographic -variable - (two standard
deviarions) .in the narural. radiation dose was used as a point of comparison for judging
acceprable radiation risk (15). “This value, calculated on a Scate-by-State basis assuming a
“log-normal - distribution - and .not - weighted for population, is 8.5 mrem per year. The
‘cumulative lifetime dose equivalent would thus be about 500 mrem, which was the basis for
the proposed PAG recommendation foc the whole body at the Preventive PAG level. The
Environmental Protection Agency (EPA), in a further analysis of previously published data
(16), has calculated the cumulative distribution of dose equivalent in the US. population.
These data show that 95 percent of the population receives berween 28 and 84 mrem/year
from cosmic and terrestrial background radiation (17). - The acrual distribution is
asymmetric and not log-normal.® Thus, one-half of this 95-percent increment range, or 28
mrem/year, will be-taken as the value for judging acceptable risk. Adler (13) notes that one
standard deviation of the natural external and internal radlarion background derived from
earller sources (18) Is 20 mrem. Personal conversations with Adler revealed that this
estimate is based on air exposures rather than dose equivalent (mean whole body) and
involved a broad rounding off of values. At the 95-percent increment value (latest EPA
data) of 28 mrem/year (19), the additional lifetime dose over 70 years is about 2000 mrem.
About 6 milllon persons (2-1/2 percent of the population) receive lifetime doses that exceed
the mean background radiation dose by this amount or more.

Another possibility, especially applicable to setting limits for internal emicters, is using
the variation in internal natural radiation dose as a reference for establishing an acceptable
standard for PAG's. For PAG limits for radionuclides via the ingestion pathway, doses to
organs other than the lungs are mest pertnent. Using this suggesdon still requires a
judgmental decision as to whether the variation in internal natural radiation dose is "small."
A summary of internal narural fadiation doses is given In Table 3. It is apparent that
natural radiation doses to human tissues and organs is determined mainly by potassiun-40
concentration. The average annual internal whole-body radiation dose per person from
ingested natural radioactivity is %9.6 mrem, of which 17 mrem Is due to potassium-40.

In potassium-40 whole-body measurements of 10,000 persons, a standard deviation of
about 712 percent (95-percent confidence level of 23.52 percent) was observed (20). The
study further concluded that the 'standard deviation is also the same for different groups of
age and sex, and therefore, it may be concluded that the same biclogical variation exises for
all the different age-sex groups. ! In another study based on the chemical determinations of
total body potassium the average amount in a 70-kg man was estimated to be 136 g with a
standard deviation of 28 g or £20 percent (93-percent confidence increment of =40
percent) (21). .
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Table 3. Annual internal radiation dose per person
for non-inhaled natural radicactivity®

Annual dose (mrads/year) whole-body average
_ (unless otherwise noted)

H-3 0. 001
Be-7 0.008
C-1% 1.3
NB-ZZ o- 02
K-40 17
Rb-37 . 0.4
U-238-U-234 series  0.043b
Ra-222 0.064b
Po-210 0.7
Ra-226 0.031b
Th-230 0.04P
Th-232 0.04D
Toral 19.65

SINSCEAR (1977).
ed on soft tissue dose (lung, testes, and ovaries)

An indirect means of determining the variability of whole-body potassium values is
based on the constant ratio of mean porassium values to roral body water up to age X0
(20). The 95-percent contfidence increment for the variability of total body water in males,
ages-16-to 90 is 16 percent, while for females it is 13 percent for ages 16 to 30 and 2!
percent for ages 31 to 90 (22). .

From the above dara, it appears that the increment for the ‘95-percent confidence--
level for whole-body potassium, and hence potassium-40, is between £ 15 percent and £ 40
percent. Note thac this variability may be due to differences in body water or body weight.
Only In the case of one study (21) is it clear the toral body weight Is considered a constant.
It Is apparent that a range of values between approximately 3 to 7 mrad per year may be
used to describe the variability in natural potassium-40 dose to the population on a whole-
body dosimetric basis. The mid-point of this range is 5 mrad per year or a liferime dose
commitment (70 years) of 350 mrem.

Thus, the lifetime radiation dose associated with the variability in natural radiacion is
about 350 mrem (inrernal) and 2000 mrem (external). )

1.4 PREVENTIVE AND EMERGENCY PAG'S
PAG's have been proposed for two levels of response:

1. Preventive PAG - applicable to situations where protective actrions causing
minimal impact on the food supply are appropriate. A preventive PAG establishes a level at
which responsible officials should take protective action to prevent oc reduce the
concentration of radicactivity in food or animal feed. ]

.2 Emergency PAG - applicable to incidents where protective actions of great impact
on the food supply are justified because of the projected health hazards. An Emergency
PAG establishes a level at which responsible officials should isolate food containing
radioactivity to prevent its introduction into commerce, and at which the responsible of{i-
cials must determine whether condemnation or another disposition is appropriate.



1.3.1 Prevendve PAG
" "During recent years numerous reports on risks and risk/benefit assessments for the
evaluztion of technological insults have been published. A number of these have concluded
that an annual risk of death of 1:in a million is accepcable to the public (8). The total aver-
age aanual risk to the U.S. population from natural disasters appears t© be about 2 or 3
times greater than the | in a million annual risk. Those individuals living in certain flood
plains, tornado, or earthquake areas accept risks that may be greater than the average by a
factoi of 2 or more (See data foc tornadoes and earthquakes in Table 2).

As previously' mentioned, based on BEIR-1II (3) upper risk estimates, a | in a million annu~-
al risk of death corresponds to a single radiation dose of 140 to 910 mrem.

[t is our conclusion that an annual risk of 1 in a million provides a proper perspective for
secting food protective acrions guides (PAG's) for radlation contamination accidents of low
probability. It appears that mest indlviduals in the United States will never be exposed to
such a radiation contamination: accident and that any one individual is not likely to be
potentially exposed more than once in his lifetime. ’ ’

Based on the above considerations, the uncerrainty in radiacion risk estimates and the
uncertainty in.the average natural disascer risks, a value of 0.5 rem whole body is selected
for the Preventive PAG. . Thus, at projected doses of 0.3 rem from contaminated food, it is
recommended :that protective actions -having low. impaces be taken for peotectdon of .the

public. The specific value of 0.5 vem represents a judgment decision rather than a specifi- -

cally derived value from specitic models and assumpdons.,

Further perspecdve on acceprable risks for setting the PAG's Is the risks associated with
natural background radiation. The discussion above indicates thar lifetime dose associated
with the 95-percent increment of the variability in natural radlation is about 350 mrem
internal and 2000 mrem external (thac is, 2-1/2 percent of the population receives doses

greater than the average by this amount or more).

This Preventive PAG I3 applicable to whole-body radiation expesure and o major
portions of the body including acdve marrow (ingestion of strontium) in conformity with
current US. radiation protection practice. Coincidently, 0.5 rem is the Federal Radiation
Council's (FRC) annual limit for individuals of the general population (23). "

Present convention, recommended by the Federal Radiation Council (23) based on prior
estmates of relative radiation risks for various organs indicates that radlation limits for the
thyroid gland be set at 3 times those for the whole body. More recent scientific information
indicates that the risks from organ doses relative to whole body differ from those assumed
when the current U.S. regulations and FRC guidance were established. The International
Commission on Radiological Protection (ICRP) in revising its recommendations on internal
exposure’ derived weighting factors that represent the ratio of risk from irradiation to a
given tssue (organ) to the tocal cancer risk due to uniform irradiation to the whole body.
The ICRP weighting factors are 0.12 for red bone marrow and 0.03 for thyroid, indicating
that the cancer risk is 3 times less for red bone marrow and 33 times less for _thyroid than
for whole body exposiure (26). Further considerations of effects other than cancer resulted
in the limication of organ doses to 30 rems per year for occupational workers.” Thus the
ICRP recommendations in effect provide for or allow single organ doses that are 3 times
greater for red bone marrow and 10 times greater for thyroid than for whole body. The EPA
has recently proposed Federal guidance for occupational radlation protection that incorpo-
rates the basic ICRP recommendations (46 FR 7336, Jan. 23, 1980). Serting the Preventive
PAG at 0.5 rem for whole body and red bone marrow and 1.5 rem for ‘thyroid provides
significantly more protection from the actual risks of organ doses than from whole-body
risks. To the extent that the whole-body risk is considered acceptable, the red bone marrow
and thyroid limits are conservative by factors of 8 and 3.3, respectvely.




1.8.2 Emergency PAG

The philesophy of the protectve action guidance of FDA is that low impact protective
actions should be initiated when contamination of food exceeds the Preventive PAG. The
intent is that such protective actions be implemented to prevent the appearance of
radicactivity in food at levels that would require the condemnation of food. If such actions
are ineffective, or high levels:appear in food, then the Emergency PAG is that level at
which higher impact (cost) protective actions are warranted. At the Emergency PAG
radiation level, action should be taken to isolate and prevent the introductdon of such food
into commerce and to determine whether condemnation or other dispesition is appropriate.

. With regard to the numerical relationship between the Preventive PAG level and the
Emergency PAG level, prior conventions may be considered. For example, the Federal
Radiation Council (23) assumed that the dose to the most highly exposed Individual does not
vary from the averag